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Abstract
Antén-Garrido, B., Romo, S. & Villena, M.J. 2013. Diatom species compo-

sition and indices for determining the ecological status of coastal Medite-
rranean Spanish lakes. Anales Jard. Bot. Madrid 70(2): 122-135.

Diatom indices have been used and tested mainly for assessing the eco-
logical status of rivers and deep lakes, but there are scarce studies that de-
termine their effectiveness in shallow lakes and in coastal Mediterranean
lakes. This study evaluates the validity of several common diatom indices
(SPI, BDI, CEC and TDIL) for the determination of the ecological quality of
three coastal lakes (Valencia, Spain) and presents descriptions and ecolog-
ical data of the main diatom species recorded. Diatom samples were col-
lected from phytobenthos, both from epiphyton of the dominant sub-
merged macrophytes and the sediment. The ecological status of the sys-
tems was determined according to different physico-chemical variables
and was compared with the results obtained from epiphytic diatom com-
munities. The results showed discrepancies among diatom indices and also
with the state determined by the environmental variables. The effective-
ness of the indices depended on the number of species assessed for each
index with respect to the total species recorded and the suitability of the
weight assigned to each species. The results reveal the need to gather
more information about the composition and ecology of the diatoms and
microalgae characteristic of coastal Mediterranean standing waters. This
work contributes to their better knowledge.

Keywords: Bacillariophyceae, bioindicators, epiphyton, dune ponds, wa-
ter quality, WFD.

INTRODUCTION

The Water Framework Directive requires to the European
Union countries to monitor and control the ecological status
of their water bodies, as an essential way

to protect, improve and conserve the EU aquatic systems
(WFD, Directive 2000/60/EC). Among the proposed
bioindicators, benthic diatoms are one of the most relevant
groups for the monitoring and control of the ecological status
of aquatic ecosystems. These organisms are used in bioindica-
tion studies, by means of autoecological indices based on the
relative abundance of each taxon, their sensitivity to environ-
mental factors and their ecological distribution (Della Bella &
Mancini, 2009; Cejudo-Figueiras, 2011). Most of the imple-
mented protocols using diatom indices for the assessment of
the water quality have been focused on rivers and deep lakes,
mainly located in Central Europe (DOCE, 2008). However,
there is less information about its application on shallow lakes
(Kitner & Poulickova, 2003; Blanco & al., 2004; Stenger-
Koviacs & al., 2007), and particularly on Mediterranean shal-
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Los indices de diatomeas han sido aplicados y contrastados principalmente
en la evaluacién del estado ecolégico de los sistemas l6ticos y lagos pro-
fundos, pero son escasos los estudios sobre su eficacia en lagos someros y
lagunas litorales mediterraneas. Este trabajo evalUa la validez de varios
indices conocidos de diatomeas (IPS, IBD, CEE y TDIL) para la determi-
nacion de la calidad ecoldgica de tres lagunas litorales (Valencia, Espafia) y
presenta las descripciones y datos ecoldgicos de las principales especies de
diatomeas registradas. Las muestras de diatomeas se recogieron del fito-
bentos, tanto del epifiton desarrollado sobre las especies de macrofitos
sumergidos dominantes, como del sedimento. El estado ecologico de las
lagunas se determin¢ a partir de diferentes variables fisico-quimicas y fue
contrastado con los resultados obtenidos a partir de las comunidades de
diatomeas epifiticas. Los resultados mostraron discrepancias entre los
indices diatomolodgicos y también con respecto al estado diagnosticado
por las variables ambientales. La efectividad de los indices dependié del
numero de especies evaluadas por cada indice con respecto al total de es-
pecies registradas y la idoneidad del valor indicador y de sensibilidad asig-
nado a cada especie. Los resultados ponen de manifiesto la necesidad de
ampliar el conocimiento sobre la composicién y la ecologia de las dia-
tomeas y microalgas que caracterizan las lagunas litorales mediterraneas.
Este trabajo contribuye a su mejor conocimiento.

Palabras clave: Bacillariophyceae, bioindicadores, epifiton, lagunas inter-
dunares, calidad del agua, DMA.

low lakes, even though there is evidence that their ecology dif-
fer from that reported in the temperate zone (Romo & al.,
2004; Moss & al., 2004). Moreover, among the indices, there
is a wide heterogeneity in their database and about the diatom
species that they consider. Furthermore, their effectiveness
varies depending on the ecosystem type and the eco-region
(Cejudo-Figueiras, 2011; Alvarez-Blanco & al., 2011, 2012).
Nowadays, the information about the use of diatoms indices
in Mediterranean standing waters is scarce. Recently, the ap-
proach of adapting diatom indices commonly used in rivers to
establish the ecological status of some inland waters in the
Iberian Peninsula has been carried out (Blanco & al., 2004;
Cejudo-Figueiras & al., 2010). However, similar studies of di-
atom indices application in coastal lakes are lacking. For ex-
ample, coastal water bodies have higher salinity ranges than
inland freshwaters, as well as different morphology and envi-
ronmental impacts on their catchment areas.

This work tests the usefulness of several well-known di-
atom indices in some coastal shallow lakes. The study is a first
approach to the evaluation of its suitability in the determina-
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tion of the ecological status in this type of ecosystems for the
implementation of the WFD. Furthermore, it reports detailed
taxonomic descriptions and ecological data of the main di-
atom species, in order to contribute to the knowledge of the
characteristic diatom flora inhabiting this type of ecosystems.

MATERIAL AND METHODS

The study was carried out in three interdunar, shallow and
permanent lakes located in the Natural Park of Albufera and
named as, Mata del Fang (MFPNS) and Lagunas del Canyar
(CNP1 and CNP3) (Fig. 1). Their hydrological dynamic is
characteristic of this type of Mediterranean water bodies, with
seasonal fluctuations in the water level mainly during summer
and water inputs from rain, groundwater and saline spray.
They are surrounded by helophytic vegetation (Phragmuites,
Thypha, Juncus and Scirpus) and their bottom was covered by
charophyte meadows, growing on a sand-silty substrate.

The ponds were sampled on 15* October 2009. An inte-
grated water sample from each pond was collected by sam-
pling and mixing the water from several points across the
pond and subsamples were used for water chemical analyses
and other determinations. Depth, temperature, pH, conduc-
tivity and oxygen concentration in the water were determined
in situ. Dissolved nitrogen and phosphorus concentrations, as
well as phytoplanktonic chlorophyll « were analyzed accord-
ing to standard methods (APHA, 1992).

Samples of epiphytic and benthic microalgae were also col-
lected. Epiphyton samples were taken from the dominant
macrophytes (Chara spp.). Epiphytic algae were detached
from the plant by shaking in a standardized water volume that
was fixed with lugol solution for further studies and taxo-

nomic identification (Zimba & Hopson, 1997). Benthic algae
were sampled by collecting a total of 20 sediment surface
cores (upper 2 cm) taken randomly all over each pond. The
cores were integrated into a sample per pond and frozen for
later analyses. Diatom samples were digested with hydrogen
peroxide according to standard protocols (UNE-ENE 13946,
2004). Identification and counting were made from perma-
nent preparations mounted with Naphrax ® and at least 400
valves were counted for each sample at x 1000 magnification.
In addition, scanning electron microscope (SEM) analyses
were carried out for accurate identification of some species.
Morphometry of the dominant diatoms was determined by
measuring length and width of a minimum of 20 individuals.
The determination of the different taxa was carried following
specific references: Germain, 1981; Krammer & Lange-
Bertalot, 1991a, b, 1997a, b, 2000; Prygiel & Coste, 2000;
CHD, 2010.

The diatom indices SPI (Specific Polluosensitivity Index,
CEMAGREF, 1982), BDI (Biological Diatom Index, Lenoir
& Coste, 1996) and CEC (Comission for Economical Com-
munity Index, Descy & Coste, 1990) were calculated for the
epiphyton by means of the software OMNIDIA version 5.1
(Lecointe & al., 1993). Only those taxa with relative abun-
dance higher than 5% were considered in their calculation.
The TDIL index was calculated according to Stenger-Kovacs
& al. (2007). These indices were selected for their wide use in
Spain, as well as in other European countries (Blanco & al.,
2008) and TDIL for being specific on shallow lakes. The eco-
logical status of each pond was also assessed by physico-chem-
ical metrics according to their habitat typology of permanent,
coastal, interdunar lakes (BOE, 2008; CEDEX, 2010a, b).

MAR MEDITERRANEO

L’ALBUFERA

500 m

Fig. 1. Study area and the location of the ponds (in grey). Central map coordinates: 39° 20" 22.35" N, 0° 18" 52.01" W.
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RESULTS

The studied lakes were oligohaline, with almost saturated
oxygen concentrations, neutral-alkaline pHs and water trans-
parency reaching the bottom (Table 1). Phosphate values were
low and similar in the three ponds, while nitrate was the main
form of soluble inorganic nitrogen (Table 1). Ammonium and
nitrite were below the detection level of the analytical meth-
ods. Mata del Fang (MFPNS) recorded the highest values of
nitrate and phytoplanktonic chlorophyll « (Table 1). CNP1
had concentrations of phytoplanktonic chlorophyll  slightly
higher than CNP3, even though their proximity (Fig. 1) and
similar nutrient concentrations (Table 1).

The ecological status assessment of the ponds by using
threshold values for pH, conductivity and mainly phyto-
planktonic chlorophyll @ concentration are shown in Table 2.

The diatom indices showed discrepancies with the ecolog-
ical states determined by the environmental variables (Tables
2, 3). Furthermore, the quality assessment also differed be-
tween the indices, mainly depending on the number of
recorded diatom species considered by each index in their
calculation (Table 3). The most efficient diatom indices and
those which considered higher number of the recorded di-
atom species were SPI and BDI (Table 3). However, com-
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pared to the environmental metrics, they seemed to overesti-
mate water quality for MFPN, while underestimated that of
CNP3 (Tables 2, 3). By contrast, CEC and TDIL indices were
less efficient and they took into account lower percentages of
the identified diatom species (Table 3).

Diatom species description

A total of 63 species of diatoms belonging to 30 genera
were identified for the epiphytic and benthic communities of
the three sampled lakes. The identification was carried out to
species level in 60 cases and to genus level in 3 cases (Table 4).
In general, most of the identified species had ecological re-
quirements related to alkaline pH, tolerance to salinity and a
wide range of nutrient concentrations. It was remarkable the
abundance and presence in the three study lakes of species re-
lated to brackish environments, such Halamphora cf. sydowi
and those species belonging to the genus Mastogloia, as well
as other species, such as Sewzinavis pusilla, Fragilaria gracilis
and Nitzschia elegantula (Table 4). In the epiphyton, Seszi-
navis pusilla co-dominated in abundance, together with
Rhopalodia gibba var. gibba in CNP3 and with Encyonemna sp.
in CNP1 and MFPNS (Fig. 2).
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Fig. 2. Percentage of relative abundance of the main epiphytic and benthic diatoms identified in the study. Abbreviated taxa names according to Table 4.
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Table 1. Morphometric and physico-chemical characteristics of the study lakes.
Area Maximum and mean  Conductivity T pH 0, NOs-N P-PO, Chl-a
(ha) depth (cm) (mS cm™) (°C) (mg L") (mg L) (mg L) (Mg L)
MFPNS 0.50 200 (90) 2.17 225 8.24 9.47 0.24 0.01 16.5
CNP1 0.10 100 (70) 1.98 20.2 7.80 5.17 0.17 0.01 8.9
CNP3 0.88 200 (91) 1.58 21.7 8.32 7.08 0.20 0.01 1.6

Table 2. Ecological status assessment of the study lakes based on some environmental variables according to CEDEX (2010 a, b).

Chemical status

Biological status

Ecological status

pH Conductivity Chlorophylla
MFPN Good or superior High Moderate Moderate
CNP1 Good or superior High Good Good
CNP3 Good or superior High High High

Table 3. Diatom indices SPI, BDI, CEC and TDIL with indication of the percentage of identified epiphytic diatoms species considered by each index and the ecological sta-

tus assessment for the study lakes.

SPI/Ecological % BDI/Ecological % CEC/Ecological % TDIL/Ecological %
status species status species status species status species
SPI BDI CEC TDIL
MFPNS 16.4/Good 100 13.7/ Good 74 11.5/Moderate 57 2.1/Moderate 61
CNP1 16.5/Good 92 15.2/Good 76 13.2/Good 60 1.5/Poor 64
CNP3 16.6/Good 82 14.4/Good 71 12.6/Moderate 59 1.9/Poor 65

The diatom communities in the sediment had a species
composition and abundance distribution similar to that of the
epiphyton in CNP1, while in CNP3 and MFPNS there were
more differences, although most of the recorded species ap-
peared in both substrates (Fig 2, Table 4). In MFPNS the
benthic microalgal community was dominated by Pseudostau-
rosira brevistriata, while several Halamphora species predom-
inated in CNP3.

A catalogue of the main diatom species found with a relative
abundance higher than 5% is presented below, together with
a description of their taxonomic characteristics. Light (LM)
and scanning electron microscope (SEM) photographs were
taken from the epiphytic and benthic samples of the aquatic
study systems to illustrate each taxon. The biometric ranges
provided correspond to individuals measured in the samples.

Class Bacillariophyceae
Order Bacillariales
Family Bacillariaceae Ehrenberg

Nitzschia elegantula Grunow [LM: Fig. 3: 35-37]

(Nitzschia elegantula Grunow in van Heurck, 1881: pl. 69,
fig. 22a)

Nitzschia microcephala var. elegantula (Grunow) van
Heurck, 1885

Length 11.5-14.8 pm, breadth 3-3.7 pm. Valves small, lin-
ear-lanceolate. Capitate ends with a central constriction in
one side. Visible striae 13/10 um, strongly punctated.
Marginal raphe system with 6-7 fibulae/10 pm.

Ecology and distribution: characteristic of brackish waters,
widely distributed in coastal waterbodies of the Medite-
rranean. In this study, recorded in all the lakes (Table 4).

Nitzschia pusilla (Kiitzing) Grunow [LM: Fig. 4: 24-28;
SEM: Fig. 7: 2]
(Nztzschia pusilla Grunow, 1862: 579; pl. 28/12, fig.11)
Nitzschia amphioxys var. pusilla (Grunow) Mayer, 1913
Hantzschia amphioxys var. pusilla (Grunow) Dippel, 1905

Length 15.1-51 pm, breadth 3-4.9 pm. Valves linear-lance-
olate with variable size. Rounded or subrostrate apices. Striae
not visible to light microscope. Medium-size fibulae equidis-
tants in the central area, 16-20/10 pm, pores dot-like to ap-
proximately square.

Ecology and distribution: broad distribution, circumneu-
tral, fresh-brackish, oligo-eutrophic-B-mesosaprobic waters.
In this study, it was observed in CNP3 and MFPNS, mainly

living on the vegetation.

Order Cymbellales
Family Cymbellaceae Greville

Encyonema sp. Kiitzing [LM: Fig. 3: 16-25; SEM: Fig. 6: 4]
(Kiitzing, F.T., 1834: 529-620, Plates XIII-XIX [79 figs.])

Length 12.3-19.7 pm, breadth 4.2-5 pm. Dorsiventral valves
with rounded apices. Dorsal margin bent, ventral more or less
straight or very slightly convex. Axial narrowly area, wider in
the center toward the dorsal side. Raphe straight with central
endings bent dorsally and apical ends bent ventrally, central
nodules clearly marked. Striae parallel to slightly radial in the
center, 20 dorsal and 19-20 ventral/10 pm, often with a short-
er central stria on the dorsal side. Striae pores are unclearly
seen by LM but visible by SEM, 5/1pm. This species deserves
a more extensive taxonomic study, due to its distinct features
with respect to other related Encyonerma species.
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Table 4. Continuation.

MFPNS

BDI SPI CNP3 CNP1
Taxa

Taxa

TDIL
Taxa

OMNIDIA

% Abundance
Sediment Epiphyton Sediment Epiphyton

% Abundance

% Abundance
Sediment Epiphyton

Taxa

Code

<1%
>1%

Nitzschia dissipata (Kiitzing) Grunow var. dissipata

Nitzschia elegantula Grunow

NDIS

>1%

>1%

<1%
<1%

>5%

>1%

NELE

Nitzschia inconspicua Grunow

NINC
NINT
NLCR
NMIC

<1%

Nitzschia intermedia Hantzsch ex Cleve & Grunow
Nitzschia lacunarum Hustedt in A.Schmidt Atlas

<1%

<1%

>1%
>1%
<1%

Nitzschia microcephala Grunow in Cleve & Moller

Nitzschia palea (Kiitzing) W.Smith

<1%
>5%

NPAL
NIPU
PPRO
PMIC

>1%

Nitzschia pusilla (Kiitzing) Grunow

<1%
<1%

Parlibellus protracta (Grunow) Witkowski Lange-Bertalot & Metzeltin

Pinnularia microstauron (Ehr.) Cleve var. microstauron

<1%

<1%

<1%
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<1%

Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot

PLFR

>5%
>5%
>1%
>5%

>5%
<1%
<1%
>5%

Pseudostaurosira brevistriata (Grun. in Van Heurck) Williams & Round

Rhopalodia gibba (Ehr.) O. Muller var. gibba

PSBR
RGIB

>5%

<1%

Sellaphora pupula (Kutzing) Mereschkowksy

SPUP
CPUS

>5%
>1%

>5%

>5%
>1%

>1%

Seminavis pusilla (Grunow) E.J. Cox & G. Reid

<1%

<1%
>1%

<1%

L S S

¥ x ¥ ¥

Tabularia fasciculata (Agardh) Williams & Round

Tribionella apiculata Gregory

TFAS
TAPI

Ulnaria acus (Kiitzing) Aboal

UACU

Ulnaria ulna (Nitzsch) P. Compére

UULN

Ecology and distribution: in this study, it was mainly ob-
served in the epiphyton and also in the sediment of CNP1 and
MFPNS (Table 4).

Order: Fragilariales
Family: Fragilareaceae Greville

Fragilaria famelica var. famelica (Kiitzing) Lange-Bertalot
[LM: Fig. 4: 14-19; SEM: Fig. 7: 5]
(Fragilaria famelica (Kiitzing) Lange-Bertalot, 1980: 749)
Synedra famelica Kiitzing, 1844

Length 33.4-53.5 pm, breadth 2.1-2.7 ym. Valves elongat-
ed and nearly linear. Slightly wider in the center with round-
ed apices. Visible and marked parallel striae, very narrow cen-
tral pseudoraphe, 16-18/10 m.

Ecology and distribution: alkalophilic, fresh-brackish,
mesotrophic oxygenated waters. In this study, it was record-
ed in CNP1 (epiphyton and sediment) and in low number in
the epiphyton of MFPNS (Table 4).

Fragilaria gracilis Oestrup [LM: Fig. 3: 38-45; SEM: Fig. 7: 4]
(Fragilaria gracilis Qstrup, 1910: 190, pl. V: fig. 117)
Fragilaria capucina var. gracilis (Oestrup) Hustedt

Length 14.5-31.7 ym, breadth 1.8-2.1 pm. Valves narrowly
linear, linear-lanceolate. Parallel striae along the valve margin
22-24/10 m, formed by a single pore (SEM). Pseudorafe well
defined, with a rectangular central area. Apiculated apices in
small individuals.

Ecology and distribution: circumneutral, fresh-brackish, eu-
trophic-a-mesosaprobic waters. In this study, it was mainly pre-
sent in the epiphyton of MFPNS, CNP1 and CNP3 (Table 4).

Pseudostaurosira brevistriata (Grun. in Van Heurck)
Williams & Round [LM: Fig. 3: 46-50]
(Pseudostaurosira brevistriata (Grunow) D.M.Williams &
Round ,1987: 276, figs 28-31)
Fragilaria brevistriata Grunow, 1885

Length 8.2-11.1 pm, breadth 3.7-5.4 pm. Valves of small
size, lanceolate-elliptical with rounded apices. Thick and
short striae all over the margin 14-15/10 pm, with a lanceolate
to linear-lanceolate pseudoraphe. Visible pores by SEM, 3-
4/striae.

Ecology and distribution: periphytic, alkalophilic, tolerant
to a wide range of conductivity, oligosaprobic-oligo-eutroph-
ic waters. Frequently cited in the Iberian peninsula. In this
study, it was abundant in the sediment of MFPNS (Table 4,
Fig. 2).

Order Mastogloiales
Family Mastogloiaceae Mereschkowsky

Mastogloia braunii Grunow [LM: Fig. 4: 3-6; SEM: Fig. 7: 6]
(Mastogloia braunii Grunow, 1863: 156; pl.13, fig.2)

Length 31.4- 63.7 pm, breadth 14.6-18.3 pm. Larg lanceo-
late valves, with variable length and cuneiform apices. Sinu-
ous raphe, proximal end at the beginning of the central area,
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49-53 54-56

Fig. 3. Dominant species (abundance > 5%) LM: x1000. Images 1-56: 1-4, Halamphora bullatoides; 5-11, Halamphora cf. sydowii; 12-15, Navicymbula
pusilla; 16-25, Encyonema sp.; 26-29, Navicula cryptotenella; 30-31, Navicula sp.; 32-33, Navicula wiesneri, 34-36, Navicula seibigii, 37-40, Cyclotella
meneghinian,; 41-48, Fragilaria gracilis; 49-53, Pseudostaurosira brevistriata; 54-56, Nitzschia elegantula. Scale bar: 10 um.

while the distal end hooked. Axial narrowly area, with lateral Ecology and distribution: epiphytic, alkalophilic and brack-
prolongations in H along the longitudinally valve and parallel  ish waters. Broad distribution in coastal Mediterranean water
to the raphe, leaving a central hyaline zone with a rectangular ~ bodies. It was recorded in all the lakes of this study (Table 4).
transversal form. Bluntly doted striae, parallel distribution in

the central area and convergent in the mid-distal part (13) Mastogloia elliptica (C.A. Agardh) Cleve [LM: Fig. 4: 7-13;
17/10 pm. Lateral central chambers larger than in the rest. SEM: Fig. 7: 7]
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Fig. 4. Dominant species (abundance > 5%) LM: x1000. Images 1-28: 1-2, Rhopalodia gibba var. gibba; 3-6, Mastogloia braunii; 7-13, Mastogloia ellip-
tica; 14-94, Fragilaria famelica var. famelica; 20-23, Craticula halophila; 24-28, Nitzschia pusilla. Scale bar: 10 um.
cal-linear-lanceolate, axial narrow and central rounded. Sinu-

ous raphe. Striae 18-19/10 pm, clearly punctate, radial in the

(Mastogloza elliptica (C. Agardh) Cleve in Schmidt & al.,
center and alternating long and short in this area. Lateral

1893: 185, fig. 24-27)
Amphora elliptica (Agardh) Kiitzing, 1844
chambers along the margins.

Mastogloia dansei var. elliptica (C. Agardh) Grunow, 1880
Frustulia elliptica C. Agardh, 1824 Ecology and distribution: epiphytic, lotic and lentic brack-
ish waters, typically considered euryhaline. Cited in different

Length 31.2-40.6 pm, breadth 12.6-14.6 pm. Valves ellipti-
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7

11-12

Fig. 5. Subdominant species (abundance > 1%) LM: x1000. Images 1-12: 1-5, Mastogloia smithii; 6, Achnanthidium minutissimum; 7, Gomphonema
gracile; 8-9, Gomphonema angustum; 10, Navicula rostellata; 11-12, Sellaphora pupula. Scale bar: 10 pm.

water bodies of the Spanish Mediterranean coast. In this

study, described in the three lakes (Table 4).

Order: Naviculales
Family Naviculaceae Kiitzing

Navicula cryptotenella Lange-Bertalot [LM: Fig. 3: 26-29]
(Navicula cryptotenella Lange-Bertalot in Krammer & Lan-
ge-Bertalot, 1985: 62; pl. 18, fig. 22-23; pl. 19, fig. 1-10, pl. 27,
fig. 1,4)
Navicula radiosa var. tenella (Brébisson) Van Heurck, 1885
Navicula radiosa var. tenella (Brébisson) Cleve & Moller,
1879
Navicula tenella Brébisson ex Kiitzing, 1849

Length 17.4-20.6 pm, breadth 4.5-5.7 um. Valves lanceo-
lates with acute apices slightly rounded, valve narrowly axial
and slightly wider in the centre. Filiform raphe. Radial striae
in the center, parallel or slightly convergent near the margin,
usually with a shorter central stria.

Ecology and distribution: benthic, alkalophilic, fresh-
brackish, oligo-eutrophic-B-mesosaprobic waters. Broad dis-
tribution. In this study, it was observed in the epiphyton of
CNP1 and was abundant in that of MFPNS (less present in its
sediment) (Table 4).

Navicula seibigii Lange-Bertalot [LM: Fig. 3: 32-34; SEM:
Fig. 6: 5a,b]
(Navicula seibigiz, Lange-Bertalot, 1991)

Length 10-14.6 um, breadth 3.4-4 um. Linear-elliptical
valves with rounded apices. Filiform raphe with marked cen-
tral nodules. Axial area narrow-linear, central area irregular
with a central-spaced stria on both sides. Bluntly striae, radial
pores distribution in the center and parallel-convergent at the
ends, striae do not reach the apices. SEM showed a polar
raphe fissure and apical pores along the margin.

Ecology and distribution: eutrophic. In this study, it was ob-
served in the sediment of CNP3 (Table 4).

Navicula wiesneri Lange-Bertalot [LM: Fig. 3: 30-31]
(Navicula wiesneri Lange-Bertalot, 1993: 140; pl. 41, fig.
23-27; pl. 42, fig. 3-6)
Navicula heufleri f. minuta Grunow, 1880

Length 14.6-17.7 pm, breadth 4.9-5.4 pm. Elliptic-lanceo-
lated valves, with acute to slightly rounded apices. Filiform
raphe, with central nodules. Axial area very narrow, small
central zone. Marked striae, radial distribution in the center
and changed to slightly convergent at the ends, 13-15/10 pm.
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Ecology and distribution: alkalophilic, eutrophic, fresh-

brackish waters. In this study only found in the sediment of

MEFPNS (Table 4).

Navicula sp. Bory de Saint-Vincent [LM: Fig. 3: 30-31]
(Bory de Saint-Vincent, ].B.G.M, 1822)

Valves lanceolate with rounded apices and dense, fine,
barely marked striae 19-21/10 pm. Axial area very narrow,
small, rounded central area. Centric, filiform, straight raphe,
with proximal ends slightly bent to one side and marked cen-
tral nodules. Parallel striations at the ends and striae slightly
shorter and radial in the center.

Ecology and distribution: in this study, it was observed in
the sediment of CNP3 (Table 4).

Seminavis pusilla (Grunow) E.J. Cox & G. Reid [LM: Fig. 3:
12-15; SEM: Fig. 6: 3]
(Semzinavis pusilla (Grunow) E.J. Cox & G. Reid, 2004: 60)
Navicymbula pusilla K. Krammer, 2003
Navicella pusilla (Grunow) Krammer, 1997
Cymbella pusilla Grunow in A. Schmidt & al., 1885

Length 26-31.1 um, breadth 5.4-6.6 pm. Valves moderately
dorsiventral, with a convex dorsal margin and a ventral margin
slightly convex in the center. Rounded ends. Raphe almost
central, straight with the distal fissures curved towards the
ventral margin and proximal ends towards the dorsal margin,
central nodules marked. Thin hyaline area along the axial axis,
with irregular margins and slightly wider at the center. Marked
striae, 16-17/ m (dorsal and ventral), parallel at the ends and
radial in the center (alternance of short and long striae). Pores
distribution visible by SEM.

Ecology and distribution: temperate, epicontinental coastal
waters (Gemain, 1981). In this study was abundant mainly in
the epiphyton of the three study lakes (Table 4, Fig. 2).

Order Rhopalodiales
Family Rhopalodiaceae (Karsten) Topachevs'kyj & Oksiyuk

Rhopalodia gibba var. gibba (Ehrenberg) O. Muller [LM:
Fig. 4: 1-2; SEM: Fig. 7: 3a, b]
(Rhopalodia gibba (Ehrenberg) Otto Miiller, 1895: 65, pl.
1: figs 15-17)
Rhopalodia gibba var. ventricosa (Kiitzing) Mayer, 1913
Epithemia ventricosa Kiitzing, 1844

Cells with dorsiventral valves, wider dorsally in the center,
sharply curved hook-shaped ends. Marginal raphe-system on
the dorsal side. Ventral margin straight, dorsal margin bent in
the central area, usually has a small nick in the middle mark-
ing the position of the proximal raphe endings. Parallel costae
in the center and radial at the ends with two rows of pores be-
tween transapical costae.

Ecology and distribution: periphytic, alkalophilic, fresh-
brackish, eutrophic-B-mesosaprobic waters. In this study, it
was observed mainly in the epiphyton of CNP3 and MFPNS
(Table 4, Fig. 2).

Family Stauroneidaceae D.G. Mann

Craticula halophila (Grunow ex Van Heurck) Mann [LM:
Fig. 1: 20-23]
(Craticula halophila (Grunow) D.G.Mann in Round,
Crawford & Mann, 1990: 666)
Navicula halophila (Grunow) Cleve, 1894
Navicula cuspidata var. halophila Grunow, 1885

Lenght 34-47pm, breadth 8-9.1 pm. Valves lanceolate-
rhomboidal with narrow rounded apices, sometimes slightly
cuneate. Raphe straight, filiform without central nodules,
narrowly linear axial area, barely wider in the center. Striae
fine and regular, 20-21/10 pm, nearly parallel in the center,
convergent at the ends.

Ecology and distribution: alkalophilic, brackish springs and
lakes, eutrophic-a-mesosaprobic waters. According to
Lange-Bertalot (2001), this diatom is less common in coastal
brackish water bodies. However, it has been cited in coastal
Mediterranean wetlands (Trobajo, 2005). In this study, it was
found mainly in CNP1 and also CNP3 (Table 4).

Order Thalassiophysales
Family Catenulaceae Mereschkowsky

Halamphora bullatoides [LM: Fig. 3: 1-4; SEM: Fig. 6: 1a-
1b]
(Halamphora bullatoides (Hohn & Hellerman) Levkov,
2009: 176; pl. 87, figs. 23-36)
Amzphora bullatoides Hohn & Hellermann, 1963

Lenght 21.7- 26 pm, breadth 3.8-5.4 pm. Valves dorsiven-
tral. Raphe straight, more or less central. Ventral margin
slightly convex in the center. Subcapitate apices, bent to-
wards the ventral margin. Marked parallel striations 17-19
dorsal / 10 microns, formed by 2-3 pore lines visible by SEM.
Ventral striae visible only by electron microscopy, formed by
a single row of pores. By light microscopy, it can be seen a
shaded hyaline area in the centre.

Ecology and distribution: in this study, it was observed
mainly in the sediment of CNP3 and MFPNS (Table 4).

Halamphora cf. sydowii [LM: Fig. 3: 5-11; SEM: Fig. 6: 2a, b]
(Halamphora sydowii (Cholnoky) Levkov, 2009: 232; pl.
105, fig. 7-11; 20-25; pl. 242, fig. 1-4)
Amphora sydowiz Cholnoky, 1963

Lenght 24.6-30 pm, breadth 5.4-7.1. Valves dorsiventral,
with subcapitate ends at the dorsal margin. Ventral margin
straight. Ventral-lateral linear raphe, axial narrowly area.
Marked parallel dorsal striae, 16-18/10 pm. By light mi-
croscopy, a different puncta pattern is observed in the area near
the raphe, changing from a single broad row in the dorsal area
to two thin pores rows, and longitudinal prolongations parallel
to the raphe. Ventral striae short, parallel at the ends, slightly
radial in the center, reaching the proximal ends of the raphe
and leaving a hyaline central area. SEM microscopy showed
that they are composed by a single transverse punctum.
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Fig. 6. Electron microscope images (SEM). Images 1a-5b: 1a, b, Halamphora bullatoides (internal view); 2a, Halamphora cf. sydowii; 2b, apex detail;
3, Seminavis pusilla; 4, Encyonema sp.; 5a, Navicula seibigii, 5b, Apex details.

Ecology and distribution: characteristic specie of brackish ~ Cyclotella meneghiniana Kiitzing [LM: Fig. 3: 51-54; SEM:

waters. In this study, it was observed in the three study lakes, Fig. 7:1] o o ,
being abundant in the sediment of CNP3 (Table 4, Fig. 2) (Cyclotella meneghiniana Kiitzing, 1844: 50, pl. 30: fig. 68)
e Cyclotella kutzingiana var. meneghiniana (Kiitzing) Brun,
1880
Class Mediophyceae Stephanocyclus meneghiniana (Kiitzing) Skabichevskii, 1975
Order Thalassiosirales

Cylindrical cells, circular valves and cell diameter of 6.2-
Family Stephanodiscaceae Glezer & Makarova 28.3 pm. Valvar surface slightly undulating, coarse striations 6-
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Fig. 7. Electron microscope images (SEM). Imges 1-7: 1, Cyclotella meneghiniana; 2, Nitzschia pusilla; 3a, Rhopalodia gibba var. gibba (internal view), 3b,
external valve view; 4, Fragilaria gracilis (internal view); 5, Fragilaria famelica var. famelica; 6, Mastogloia braunii; 7, Mastogloia elliptica (inner view).

12/10 pm, composed by two rows of pores, which form a ring Ecology and distribution: tycoplanktonic, alkalophilic,
at the valve contour (SEM). Central region smooth or slightly  halophilic, eutrophic-a-mesosaprobic waters. Broad distri-
undulated, fine radial striae, 1-4 fultoportulae visibles under ~ bution. Frequently cited in the Iberian Peninsula. In this
light microscope. Small peripheral spines visibles by SEM. study, it was observed in MFPNS and CNP1 (Table 4).
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DISCUSSION

The diatom indices SPI, BDI and CEC are widely used to
assess water quality, mainly in rivers, both in Europe and the
Iberian Peninsula, and only recently their suitability for lentic
aquatic systems has been tested (Blanco & al., 2004; Cejudo-
Figueiras & al., 2010). The TDIL index was specifically made
to be applied in shallow lakes of Central Europe (Hungary)
(Stenger-Kovics & al., 2007). However, coastal water bodies
have higher salinity ranges and a different morphology and
watershed impacts. In the present study, several problems
were detected when these indices were tested for coastal shal-
low lakes. The main pitfall was the already limited knowledge
gathered about the diatom flora and their ecological require-
ments in coastal Mediterranean standing waters (Trobajo,
2005; Cantoral-Uriza & Aboal, 2008). In our study, the effec-
tiveness of the indices depended on the number of species as-
sessed for each index with respect to the total species record-
ed and the suitability of the weight assigned to each species.
For instance, several of the dominant species in this study,
which have been also reported in other Mediterranean water
bodies (e.g. Mastogloia spp., Tomas, 1982), were omitted by
the database of the indices tested. In addition, one of the most
representative species in our study, Semzinavis pusilla, was
only included by the SPI and TDIL indices. This could also
explain the observed discrepancy between indices, as a result
of the different listed and weight given to diatom species by
every single index (Table 3). The fact that taxonomy chal-
lenged the identification of some species, such as Encyonena
sp., which was dominant in CNP1 and MFPNS, constitutes
an additional problem to cope with the finest taxonomic ac-
curacy required by the indices. Some of these problems have
been also described by Blanco & al. (2004), when they used
the SPI and BDI indices for the water quality evaluation of
some inland shallow lakes of the Northwest Iberian Peninsu-
la. Nevertheless, these authors found a good correlation be-
tween these indices and the lakes trophic status, based on the
distribution of diatom abundances and trophic preferences.
Therefore, to use more extensively diatom indices in coastal
lentic systems, further studies should be carried out on the de-
scription and autoecology of their characteristic diatom flora.

The ecological requirements of the algal species may vary
depending on the eco-region and thus the use of any diatom
index must be calibrated for different ecosystems (Alvarez &
al., 2011, 2012). The design of new and specific indices for
different eco-zones is a new approach (e.g. DDI index, Al-
varez-Blanco et al., 2012). This alternative approach, even
though, is time and investment consuming might be more ac-
curate for the ecological evaluation of coastal water bodies of
the Mediterranean zone.

Tt is remarkable that a large number of the recorded diatom
species in this study (38 in total, highlighted in bold in Table
4) have been also cited by other authors in coastal Mediter-
ranean Iberian environments (lagoons, marshes, ponds, river
mouths and streams) (Tomas, 1982; Aboal, 1989; Trobajo,
2005; Cantoral-Uriza & Aboal, 2008; Rovira & al., 2009). This
set of species could be a starting point for further studies, in
order to define their role as bioindicators in coastal water
bodies and for the design of new diatom indices. Therefore,

more studies on the ecology and algal flora are needed to
characterize, evaluate and implement the WFD in these
ecosystems.

In general, the diatom species found in this study had a
wide tolerance range to several physico-chemical variables,
which agree with the dynamic nature of coastal water bodies,
adapted, for instance, to water level and environmental
changes (Trobajo, 2005; Della Bella & Mancini, 2009). The
limnological variables evaluated in the present study comple-
mented the diagnosis given for the diatom indices and result-
ed especially helpful to discriminate between possible water
quality status (Tables 2, 3). This result agrees with that de-
scribed by other authors that argued about the use of several
metrics for the correct water quality evaluation of shallow
lakes (Kitner & Poulickova, 2003; Moss & al., 2003).

In conclusion, our results suggest that diatom bioindica-
tion could be a useful tool for the determination of the eco-
logical status of coastal shallow lakes, together with environ-
mental metrics. However, it would be necessary modify or
create new indices based specifically on the autecology and
distribution of diatom species in the gradient of environmen-
tal conditions characteristic of the Mediterranean eco-zone.
Therefore, it is important to gather more information about
the composition and ecology of the microflora and diatoms of
these ecosystems.
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