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Abstract
The south of the Iberian Peninsula has a high number of saline ponds where electric conductivity (EC) is an important
factor that affects directly aquatic organisms, in�uencing their distribution and abundance. Environmental factors (such
as pH, EC and temperature) were measured and diatom assemblages were sampled in 15 saline shallow ponds in the
south of Spain along a range of electric conductivity (1.4 mS to 51.6 mS cm-1) between spring of 2004 to early summer
of 2006. Three groups of ponds were de�ned based on conductivity (oligosaline 1.4 to 5.3 mScm-1, mesosaline 10.9 to
17.3 mScm-1 and euhaline 32.3 to 51.6 mScm-1) and diatom assemblages were studied.  PERMANOVA analysis showed
signi�cant differences in diatom community composition between the three groups of ponds. Multidimensional scaling
analysis (nMDS) showed distinct clusters of diatom assemblages in oligosaline and mesosaline ponds. Dominant
diatom species in the eusaline ponds were Tryblionella pararostrata, Halamphora cf. petrusa, Halamphora sp.1 and
Cocconeis euglypta; in the mesosaline ponds Navicula veneta, Nitzschia elegantula and Planothidium delicatulum were
dominant taxa and the oligosaline ponds were dominated by Navicula veneta, Pseudostaurosira brevistriata and
Nitzschia inconspicua. A new diatom species was described in ponds with high electric conductivity (32-56 mS cm-1)
and named N. maiorpargemina.A detailed description of N. maiorpargemina sp. nov. is presented in this study based on
light and scanning electron microscopy after comparison with morphologically and ecologically related taxa. 

Introduction
In the last decades, different governments and international organizations have pursued efforts to conserve and protect
wetlands through the Ramsar Convention as the �rst global treaty to protect nature (Montes and González-Capitel 2002,
Elvan and Birben 2021). According to Ramsar convention (2016) wetlands include among others marshes, lagoons,
lakes, estuaries or ponds. Particularly, saline ponds are very sensitive aquatic ecosystems, as they re�ect the
consequences of human and natural disturbances (Waiser and Robarts 2009; Potapova 2011). Endorreical systems as
some saline ponds are mostly small (< 50ha) and shallow (< 1m) (Stenger-Kovács et al. 2014 a, b), and relatively closed
systems, which makes them reliable sentinels of climate change (Gottschalk and Kahlert 2012).

Aquatic ecosystems can be classi�ed according to the amount of ions found in them, and the term “saline” is used for
continental waters rather than “haline” as indicated in different studies (Gasse 1987; Reed et al. 2001).
Halotolerant/halophilic organisms can occur in these environments and therefore a high number of rare or endemic
species are usually present (Abellán et al. 2011).

Studies in saline ponds indicated that the increase in ionic concentration in the water, negatively affects the number of
species progressively (Hammer 1983; Williams et al. 1990; Amores et al. 2013). These extreme environments are highly
species-selective and those species lacking osmoregulatory mechanisms will disappear (De Deckker 1988). One way to
cope with salinity is to compensate the high ionic concentration by accumulating organic solutes in their body (Schubert
1979; Waiser and Robarts 2009). Many organisms from different groups as bacteria, fungi, protozoa, zooplankton
(copepods, rotifers or cladocerans) and macrophytes (Ruppia, Carex, Salicornia) are adapted to high levels of NaCl
(Waiser and Robarts 2009). In particular, microphytobenthos is mainly composed of cyanobacteria, green algae and
diatoms that colonize these saline ponds (Stevenson 1996; Waiser and Robarts 2009) and are the main carbon �xers in
shallow ponds (Montoya 2009). Photosynthetic activity carried out by the epipelic microalgae make up about 30% of
the total primary production especially the deeper infra-littoral or mid-depth zone (Cantonati and Lowe 2014). Diatoms,
one of the main components of aquatic bio�lms, are greatly in�uenced by water salinity (Potapova 2011).

Shallow and hypersaline endorheic ponds in western Europe are probably restricted to Spain (Reed 1998; Woodward
2009; Casamayor et al. 2013). There is a wide ionic variety in the saline ponds of Spain (Montes and Martino 1987), due
to sediments and seasonal �uctuations (typical of the Mediterranean climate) (Gasith and Resh 1999; Guerrero and Wit
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1992; Reyes et al. 2010; Lucena-Moya et al. 2012). Ionic content is usually estimated by measuring the electric
conductivity (EC), in the water and expressed as micro or milisiemens per centimetre at 25°C (Williams and Sherwood
1994; Waiser and Robarts 2009).

Reed (1998 a, b) presented a paleoecological approach in more than 50 saline ponds from the south of Spain including
some of the present study (eg. Zarracatín, Gosque, Zóñar, Ballestera, Tíscar or Ratosa) where diatom communities were
related with chemical variables such as conductivity. Some other diatom studies (e.g. Armengol et al. 1975; Ubierna
León and Sánchez-Castillo 1992; Linares-Cuesta 2003) made inventories of the epiphytic and epilithic diatom
communities of the ponds from Sierra Nevada, as well as some works from saline lakes, where some new species were
described (Sánchez-Castillo 1993; Blanco et al. 2013, 2019).

The objectives of this study were to: i) describe the diatom communities from �fteen saline ponds along a range of
electric conductivity and taking into account, other physico-chemical parameters and ii) describe a new species
Navicula maiorpargemina sp. nov. that appeared in three of the �fteen ponds studied.

Materials And Methods
Study area

The southern region of Spain has more than 200 ponds, some of them with different levels of governmental protection
(Montes and González-Capitel 2002) because they are refuge for birds migrating between Europe and Africa (Ntiamoa-
Baidu 1991b; Montes and González-Capitel 2002; Waiser and Robarts 2009). Some of these ponds are in the coast but
others are endorreic ecosystems.

Some of the ponds are included in Ramsar list (e.g. Salada, Zoñar, Rincón) and most of them (e.g. Taraje, Montellano,
Gosque, Zarracatín, Ratosa, Ballester, Tiscar, Pilón) are included in Natura 2000 list (Montes and González-Capitel 2002;
Consejeria de Medio Ambiente 2020).

Sampling design
Selected ponds were sampled between April 2004 to June of 2006. Physical-chemicals parameters such as pH, electric
conductivity and water temperature were measured "in situ" with multiparameter probe (pH/Cond 340i Portable Multi-
Parameter, WTW model).Other parameters as altitude, distance to the sea or maximum pond depth (Table 1) were
obtained from the o�cial website of the environmental agency of Andalusia (Consejeria de Medio Ambiente 2020).
Taking into account previous studies in these wetlands (Cowardin 1992; Lucena et al. 2012) the and the entire range of
conductivity in the studied ponds, these were classi�ed in: oligosaline (< 8 mS cm− 1), mesosaline (8–30 mS cm− 1) and
eusaline (> 30 mS cm− 1).

Several transects were made in the littoral zone to get an integrated sample of the epipelic community. A sediment
sample from each pond was collected by suction through a one-meter-long glass tube with standard methods (Round
1953; Polge et al. 2010). Samples were transferred to plastic bottles, and preserved with formaldehyde (4% �nal
concentration) before laboratory treatment. Diatom samples from sediments were collected in �fteen shallow ponds
along a range of electric conductivity between the years 2004–2006 (Fig. 1; Table 1). The distribution map showing the
diatom sampling sites (Fig. 1) was done using QGIS Dufour 2.0.

Water and diatom sample processing 

Once in the laboratory, the sediment from each epipelic diatom sample was left to stand in a petri dish, then the
supernatant was removed and the sediment was covered with coverslips. The coverslips were removed at least 12 hours
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later to get diatoms attached to the coverslip, by phototactic movement. Coverslips were washed to remove the diatoms
attached on them. Samples were oxidized in glass tubes with hydrogen peroxide 30% w/w. Then, calcium carbonate
inclusions were removed by adding a few drops of dilute hydrochloric acid 1N to the sample. Samples were then
washed with distilled water four times by centrifugation (3000 rpm, 5 minutes), the supernatant removed, leaving the
clean pellet. Permanent slides were mounted with synthetic resin (Naphrax®) with a high refractive index (1.74) and
approximately 400 valves per slide were counted in the 15 samples.

Diatom counting was performed under a light microscope (LM - Leica DMI3000 B light) equipped with phase contrast
with a 1000x oil immersion objective with numerical aperture (NA) of 1.32. At least 400 valves were counted on each
slide. Total counts were transformed into relative abundance. The diatom �oras used for identi�cation included:
Cumming et al. 1995; Gasse 1986; Krammer & Lange-Bertalot (1986, 1988, 1991a, b); Lange Bertalot (2000, 2002);
Hustedt 1930;, Levkov 2009 and Witkowski et al. 2000.

Light micrographs of the diatoms were taken under a Zeiss Axioplan 2 imaging microscope with differential interference
contrast (DIC) and a 1000x immersion objective (NA 1.40) equipped with an Olympus DP70 digital camera.
Measurements of valve length, width and number of striae in 10 µm were taken of at least 30 specimens per species,
under the light microscope. For scanning electron microscopy (SEM) analysis, metal stubs were prepared with organic
free samples air-dried on a thin pellicle of graphite (EMITECH K 950X) and coated with gold – palladium (Polaron
equipment limited SEM coating unit E5000). All images were digitally edited, and plates were made using CorelDRAW.

Type material study

Navicula pargemina Underwood and Yallop was described from Severn Estuary in the UK and the holotype deposited in
the Natural History Museum of London (BM-82311) (Fig. 2). Considering that the newly described Navicula species
shows similarities with N. pargemina information about this species was retrieved from Underwood and Yallop (1994),
Witkowski et al. 2000 and by observation under the LM of type material (Fig. 2). Morphological and morphometric
characterization was based on measurements of 30 valves from this type material, which was used to compare with the
new species described in the present study.

In addition, the new Navicula taxon was compared with the measurements of similar taxa from different bibliographical
references with illustrations: Navicula abscondita (Krammer and Lange-Bertalot 1986; Witkowski et al. 2000; Clavero
2009; Ribeiro 2010), Navicula dilucida (Clavero 2009; Ribeiro 2010), Navicula consentanea (Witkowski et al. 2000;
Clavero 2009), Navicula groschop�i Witkowski et al. 2000; Clavero 2009) Witkowski et al. 2000.

Data analysis

To explore the distribution patterns of the diatom communities in the 15 ponds, a non-metric multidimensional-scaling
analysis (n-MDS) based on Bray-Curtis similarity matrix was done with all samples. Relative abundances of the
specieswas used for analyses. Statistical differences between the three groups of ponds based on conductivity (as
achieved by the n-MDS) were tested by a Permutational multivariate analysis of variance (PERMANOVA test). Moreover,
a SIMPER analysis (double-square root transformed data on a Bray-Curtis similarity matrix) was used to �nd the most
representative taxa for each statistically different salinity. We used Primer 6 and PERMANOVA + (Clarke and Gorley
2006).

Results

Physico-chemical variables and salinity gradient
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Three different groups of ponds were divided in this study in terms of conductivity as an important driver of the diatom
communities. The physical-chemical variables of the 15 ponds measured in situ are shown in Table 1. The ponds with
the lowest EC (oligosaline) (1.4 and 5.3 mScm− 1) are Taraje, Zoñar, Rincón, Calderón and Pilón. These ponds had a
range of pH 7.8–8.6, water temperature between 22 and 31.7 ºC, sea distance 45–95 km and altitude of 80–345 m.a.s.l.

The mesosaline ponds are Verde la Sal, Consuegra, Salada, Montellano and Honda, with EC between 10.9–17.3 mScm− 

1, pH 8.2–8.5, water temperature 22-30.6 ºC, sea distance 6-100 km and altitude 33–453 m.a.s.l. (Table 1). The eusaline
ponds are (Tíscar, Gosque, Ratosa, Ballestera and Zarracatín) (32.3–51.6 mScm− 1), pH 7.5–9.1, water temperature
23.4–35.2 ºC, sea distance 58–99 km and altitude 40–450 m a.s.l. (Table 1).

Table 1. Site location in ponds and environmental factors measured “in situ”. Sites where Navicula maiorpargemina sp.
nov was found are marked with an asterisk *

Diatom community composition
A total of 150 taxa from 55 diatom genera were identi�ed in the 15 samples from the studied ponds. The n-MDS
ordination plot of diatom samples showed a stress of 0.14 (Fig. 3). Eusaline ponds were differentiated from the rest of
the ponds by the following species Halamphora cf. pertusa, Tryblionella pararostrata, Cocconeis euglypta and
Halamphora sp. 1. Halamphora sp. 1 (Figs. 4–8, Appendix 1) was more abundant in Gosque and Ratosa ponds with
more than 25% of relative abundance. Cocconeis euglypta (Fig. 13, Appendix 1) with more than 60% of relative
abundance in Gosque. Tryblionella pararostrata (Fig. 17, Appendix 1) appeared with the highest percentage (90%) of
relative abundance in Ballestera. Halamphora cf.pertusa (Figs. 24–26, Appendix 1) appeared in several ponds with a
maximum of 49% of relative abundance in Zarracatín.

In mesosaline ponds, the most representative diatom taxa were Planothidium delicatulum (Figs. 9–12, Appendix 1) that
almost reached 60% of relative abundance in Salada pond, Navicula veneta (Fig. 18, Appendix 1) with a maximum of
more than 50% in Consuegra and Nitzschia elegantula (Fig. 19, Appendix 1) with a maximum relative abundance in
Verde de la Sal with 77%. A clear separation, based on diatom assemblages, between eusaline and oligosaline ponds is
visible along axis 1 of the ordination diagram with the mesosaline ponds mediating the other two groups of ponds (Fig.
3).

The PERMANOVA global test showed that the diatom communities present in each type of pond, according to
conductivity, are different and statistically signi�cant (Pseudo-F = 1.513. p = 0.012.). Pair-wise tests revealed that
signi�cant statistical differences occurred between eusaline and oligosaline as well as between eusaline and
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mesosaline ponds (Table 2). Nevertheless, the communities were not signi�cantly different between mesosaline and
oligosaline ponds (t = 0.952, p = 0.652).

Table 2
Statistical differences between diatom
assemblages from ponds with different
conductivities based on a permutational

multivariate analysis of variance, PERMANOVA.
Statistically signi�cant differences (p < 0.05) in

bold.
Conductivity class t p(perm)

Eusaline - Oligosaline 1.4048 0.007

Eusaline - Mesosaline 1.2867 0.034

Oligosaline-Mesosaline 0.95277 0.652

SIMPER analysis revealed a dissimilarity of 98.37 % within diatom assemblages from eusaline and oligosaline ponds
and 94.48 % within diatoms from eusaline and mesosaline ponds (Table 3). Meanwhile the average dissimilarity
between mesosaline and oligosaline was lower in SIMPER analysis (87.78%).

One species that characterized oligosaline ponds was Navicula veneta (Fig. 18, Appendix 1) with a relative abundance
of 11.0 % and 18.0 % in Taraje and Pilon ponds, respectively. Other species were Nitzschia inconspicua (Figs. 14–16,
Appendix 1) with more than 60% in Taraje and Pseudostaurosira brevistriata (Figs. 20–22, Appendix 1) with more that
70% of relative abundance in Zóñar.
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Table 3
Most representative taxa of the three groups of ponds according to conductivity (oligosaline, mesosaline and eusaline)

obtained by SIMPER analysis. (Average dissimilarity: Eusaline/Oligosaline: 98.37 %; Eusaline/Mesosaline: 94.48 %;
Oligosaline/Mesosaline: 87.78 %).

    Average abundance

    Ponds

Taxa Code Eusaline Mesosaline Oligosaline

Tryblionella pararostrata (Lange-Bertalot) Clavero and
Hernández-Marin Clavero

TRPA 22.18 1.24 0.07

Halamphora sp1 HALA 17.78 2.18 0.00

Cocconeis euglypta Ehrenberg COCO 15.37 0.14 0.29

Navicula veneta Kutzing NVEN 0.15 16.41 14.41

Pseudostaurosira brevistriata (Grunow in Van Heurck) Williams
and Round

PBRE 0.00 0.00 14.18

Planothidium delicatulum (Kütz.) Round et Bukht PDEL 0.00 11.76 0.00

Nitzschia elegantula Grunow in Van Heurck NELE 0.09 15.83 0.47

Nitzschia inconspicua Grunow NINC 0.97 5.90 12.40

Halamphora cf.pertusa J.G.Stepanek & J.P.Kociole HPER 11.83 1.09 0.06

Nitzschia solita Hustedt NSOL 0.00 0.68 5.79

Parlibellus cruciculoides (Brockmann)Witkowski. Lange-Bertalot
and Metzeltin

PCRL 5.77 1.93 0.00

Tryblionella apiculata Gregory TAPI 1.01 5.67 4.34

Taxonomic section
Phylum Ochrophyta Caval.-Sm. (Cavalier-Smith 1995)

Class Bacillariophyceae Haeckel emend. Medlin and Kaczmarska (Medlin and Kaczmarska 2004)

Subclass Bacillariophycidae Round (Round et al. 1990)

Order Naviculales (Bessey 1907 sensu emend)

Family Naviculaceae (Kützing 1844)

Genus Navicula (J.B.M. Bory de Saint-Vincent 1822)

Navicula maiorpargemina D. Fernández-Moreno, P. Sánchez-Castillo, C. Delgado, S.F.P. Almeida sp. nov

Figures 30–48: LM. Figures 49–54: SEM

Type material
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Holotype: Phycotheque GDA-algae slide number 3285 prepared with material from the sample collected in Zarracatín
and housed in the Herbarium. University of Granada (Spain).

Isotype: Slide BM 101 920, prepared with material from the sample collected in Zarracatín, housed in the Natural History
Museum. London (UK).

Type locality: Zarracatín wetland, Endorreic Complex of Utrera, province of Seville, Andalusia, south of Spain.
Geographical coordinates: 37° 2'2.85" N. 5°48'8.30" W: coll. Pedro M. Sánchez Castillo and David Fernández Moreno;
coll date 17 June 2006.

Etymology: Refers to the biggest dimensions when it is compared with the most similar species Navicula pargemina.

Description

Microscopy observations (LM and SEM)
Valves narrowly lanceolate to rhombic-lanceolate, gradually tapering towards the apices, length 21.3–30 µm, width 4–5
µm in n = 30. Raphe straight, central pores both de�ected in the same direction (Fig. 50, 52). Axial area unilaterally
widened specially at the central area which is asymmetrical with a shorter stria on one side (Figs. 30–31, 33, 50–52).
Transapical striae slightly radiate near the valve centre (Figs. 34–35), changing to convergent towards the apices
(Fig. 32) and 15–17 striae in 10 µm. Each stria is uniseriate composed of linear areolae (Figs. 49–52) and the number
of lineolae are 60–70 in 10 µm. Internal view of the raphe shows no intermission in the sternum near the central nodule
(Figs. 49, 51). The internal view of the valvar poles shows the distal raphe endings terminating in small helictoglossae
(Fig. 53). Externally the raphe at the poles is hooked (Fig. 54).

Comparison of the new species with type material of Navicula
pargemina and other similar species
Morphological features of Navicula maiorpargemina sp. nov. and comparison with �ve species of Navicula which
appear in high conductivity waters are presented in Table 4.

N. maiorpargemina appears in this study in water with high electric conductivity as some other small Navicula,
nevertheless, these have morphological and morphometrical clear differences which makes it easy to distinguish
between them if present in the same samples.

N. maiorpargemina may overlap in terms of length (Table 4) with N. dilucida and N. groschop�i, however, N.
maiorpargemina is wider (4–5 µm vs 2–4 µm) than N. dilucida but not wider than N. groschop�i (4–5 µm) (Table 4).
The number of striae in 10 µm is lower in N. maiorpargemina (15–17 in 10 µm) compared with N. dilucida (18–24 in 10
µm) and N. groschop�i (20 in 10 µm) (Table 4). According to the outline, N. dilucida and N. groschop�i are more
rhombical shaped compared to N. maiorpargemina which has a more parallel valve outline. In comparison with the
estuarine species N. abscondita (Batte et al. 2013), N. maiorpargemina is bigger in length (21.3–30 µm vs. 18–40 µm).
On the other hand N. consentanea is smaller than N. maiorpargemina (12–20 µm vs. 21.6–30.5 µm) and with higher
striae density in 10 µm (20–24 vs. 15–17) respectively. Another important difference between N. maiorpargemina and
the four Navicula species previously mentioned is the absence of valves always appearing in pairs after the oxidation
process; and which is visible in the SEM micrographs (Figs. 32–36, 38–39).
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Table 4
Comparison between Navicula maiorpargemina sp. nov. and the morphologically and ecologically similar taxa (all data

from the literature with the exception of N. pargemina Yallop and Underwood)
(References) N.

maiorpargemina
Fernandez
Moreno,
Sanchez
Castillo,
Delgado,
Almeida sp. nov.

N. pargemina
Underwood
and Yallop
1994

N. abscondita
Hustedt 1939

N. dilucida
Hustedt
1939

N.
consentanea
Hustedt
1939

Navicula
groschop�i
Hustedt
1939

Valve
Length (µm)

21.3–30 12–18
(Underwwod
and Yallop
1994); 15.0-
19.3 (this
study)

18.0–40.0 15.0–29.0 12.0–20.0 15.0–30.0

Valve Width
(µm)

4.0–5.0 3.0–4.0 4.0–6.0 2.0–4.0 4.0–5.0 4.0–5.0

Valve
outline

Narrowly
lanceolate to
rhombic–
lanceolate

Linear-
lanceolate to
lanceolate

Lanceolate Narrowly
lanceolate

Lanceloate Rhombic-
lanceolate

Valve apices Acute apices Acute apices Fairly acute
apices

Acutely
rounded

Acutely
rounded

Acutely
rounded

Central area Slightly
asymmetrical
and on one side
developed as a
narrow
transversely
rectangular
fascia

Asymmetrical
and on one
side
developed as
a narrow
transversely
rectangular
fascia

Small and
circular

Narrow Absent Rhombic

Axial area Unilaterally
widened

Unilaterally
widened

Very narrow Very
narrow.
Linear
barely
widened

Absent Narrow

Number of
striae in 10
µm

15–17 22–25 15 18–24 20–24 20

Striae
patterns

slightly radiate
at the centre to
slightly
convergent
towards the
apices

Very slightly
radiate to
parallel

Very slightly
radiate in the
middle

Slightly
radiate in
the middle
thoroughly

Slightly
radiate in
the middle

Slightly
radiate in
the middle.
Parallel
close to
apices

Raphe Straight.
external central
endings close

Straight Straight. external
central endings
approximateclose

Straight.
external
central
endings
close

Straight.
external
central
endings
close

Straight.
External
central
endings
moderately
distant

Ecology Endorheic saline
water

Brackish-
marine water

Silty sediments Marine Marine Marine
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Navicula maiorpargemina sp. nov. (Figs. 29–37; 48–53) was compared with the light micrographs of type material of
Navicula pargemina (Figs. 38–47) which is the most similar species because the valves remain together even after the
oxidizing treatment. The specimens measured from the type material of N. pargemina (n = 20), showed a small range in
valve length (15.0-19.3 µm); its width was 3–4µm and 22–25 striae in 10 µm. The measurements in the original
description of Underwood and Yallop (1994) are slightly different (12–18 µm in length; 2.0–4.0 µm in width; 20–29
striae in 10 µm; Table 4) but does not overlap with the new taxon described in the present study.

The most similar species with N. maiorpargemina is N. pargemina which is smaller than the population of this study.
The length of N. maiorpargemina varies between 21.3 to about 30 µm; its width varies between 4 and 5 µm while N
pargemina showed a length of 12–18 µm (15-19.3 in this study) and a width of 3–4 µm. Both possess linear to
lanceolate valve shape. Although sometimes N. maiorpargemina appears slightly lanceolate to rhombic shape (Figs. 30,
33). The valve apices are cuneiform and never rounded like N. pargemina. In N. maiorpargemina the striae are coarser
(15–17 in 10µm) when compared to N. pargemina (20–29 in 10µm).

Despite the differences between N. pargemina and N. maiorpargemina now described we veri�ed some similarities
between the two taxa. Namely valves found in pairs even after the oxidation process with one valve in valvar view and
the other in girdle view (i.e. Figures 30–31, 34 for N. maiorpargemina and Figs. 44, 46 for N. pargemina); asymmetrical
axial central area but smaller in N. maiorpargemina.

In SEM micrographs valves are commonly found in pairs, one in face view and the other obliquely/connective view
(Fig. 50). According to Underwood and Yallop (1994) in Figs. 11–12, the central area is wider in N. pargemina than in N.
maiorpargemina sp. nov. (Fig. 49–52). Hymens were not found in N. maiorpargemina sp. nov. as described in N.
pargemina and the number of lineolae is 60–70 instead of 100 for N. pargemina.

Discussion
This work is the �rst approximation to the study of the diatom species of the sediments from saline ponds in the south
of Spain. Analyses from the three groups with different ranges of conductivity (Table 1) showed that there was
detectable variation of this parameter from the coast to the inland of the south of Spain (Table 1). The hydrologic
differences of this ponds depend of the balance between evaporation and precipitation, especially during periods of
high drought like summer months, which results in a loss of water, in�uencing the conductivity by several values (Veres
et al. 1995), especially the shallowest most saline ponds as Zarracatin (Table 1). This was consistent with noted
changes in some ponds as Gosque, Ratosa or Zarracatin, considered in the group of eusaline which the maximum in
this study did not reach the previously reported maximum values with more than 100 mS cm− 1 in some years (Montes
and González-Capitel 2002) which falls into the hypersaline category. Meanwhile mesosaline ponds as Honda, are more
variable and present periods as subsaline to hypersaline conditions. However oligosaline ponds (e.g.Taraje, Pilón,
Rincón, Zóñar) clearly responded to hydrologic characteristics as Montes and González-Capitel (2002) reported as
subsaline ecosystems.

Our results indicated important differences diatom communities in the three groups of conductivity in this study,
especially between eusaline and oligosaline groups as it shows the ordination plot (Fig. 3, Table 3), where the
conductivity is the most differentiating parameter as it shown in other similar studies (Veres et al. 1995; Potapova and
Charles 2003; Tibby et al. 2007; Stenger-Kovács et al. 2014).

Although the genera of the most representative taxa found in the mesosaline to eusaline ponds from this study are
mainly represented by Amphora sensu lato (which includes Halamphora), Cocconeis, Navicula, Nitzschia, Planothidum
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and Tryblionella, the main genera are Navicula and Nitzschia in accordance with Stenger-Kovács et al. (2014) in saline
waters.

In eusaline ponds Tryblionella pararostrata which is usually found in marine or hypersaline environments (Schoeman
1972; Beltrones et al. 1991; Clavero 2005) is one of the dominant species en eusaline ponds as well as Halamphora cf.
pertusa characteristic of waters with high conductivity (Stepaneck and Kocioleck 2015). Parlibellus cruciculoides (Fig.
27–28), a marine species, was important in the eusaline ponds of this study and has also been reported in estuarine
environment (Ribeiro 2010), and is therefore, considered a characteristic species of high conductivity waters.
Halamphora sp.1 is a small diatom that together with Cocconeis euglypta were very abundant in the group of ponds
with the highest conductivity (Gosque and Ratosa), associated with high abundance of �lamentous algae and
carophytes as Lamprothamnium papulosum (Wallroth) J. Groves.

Diatom species that characterized mesosaline ponds were Nitzschia elegantula and Planothidium delicatulum andit
was found in Salada pond with more than 10 mS cm− 1. The species Nitzschia elegantula is reported in other studies as
halophilous dominating in moderate electrolyte content media (Della Vella 2007; Nadir et al. 2019).

Oligosaline group are characterized by the presence of Pseudostaurosira brevistriata which was the most abundant
diatom species and it seems more sensitive to higher values of conductivity (Tibby et al. 2007). Nitzschia inconspicua
and Navicula veneta are dominant as well in these ponds. Especially the last is considered as a “salt generalist” (Pienitz
and Smol 1995).

Other taxa found in this study such as Navicula cf. jakhalsensis, in Clavero (2000), and Caloneis permagna in Zarei-
Darki (2011) and Resende et al. (2005) (Appendix 1) were reported as mesohalobian and estuarine, respectively and
were also found in the present study in the eusaline ponds but with lower abundance compared to other taxa previously
referred

Navicula maiorpargemina sp. nov appears in the group of ponds with the highest conductivity showing a maximum
relative abundance of 16.2% in Zarracatín pond (51.6 ms cm− 1), slightly alkaline water (pH = 8.0) and high temperature
(35.2 ºC), with less than 1% in Gosque (38.7 ms cm− 1), alkaline water (pH = 9.1) and lower temperature (23.4 ºC)
compared to the previously mentioned pond, and in Ratosa with less than 3 %, a pond with high conductivity (32.3 ms
cm− 1), slight alkaline water (pH = 8.0) and high temperature (32.3 ºC).

According to the literature the most similar species to N. maiorpargemina is Navicula pargemina (i.e. Underwood and
Yallop 1984; Witkowski et al. 2000; Clavero et al. 2000; Fernandes et al. 1999; Ribeiro 2010). A taxon identi�ed as
Navicula cf. pargemina has been recorded in in the Loire estuary by Ribeiro et al. (2019). The new taxon described
presents clear differences with Navicula pargemina such as bigger size, a smaller number of striae and more rhombic-
lanceolate shape. The comparison between Navicula maiorpargemina sp. nov. and other similar taxa reveals a unique
combination of characters as the valve shape, asymmetrical central axial area whereas the valve pairs after the
oxidation is the most characteristic of this species not found in the others (except in N. pargemina). Therefore, it is
probable that N. maiorpargemina sp.nov. is more common in European estuaries (Ribeiro 2010; Ribeiro et al. 2019) and
saline ponds than so far reported in last years.

The environments with high conductivity, are very sensitive to climate change (Hammer 1990) and diatom communities
are affected by this global change (Reed 1998). Detailed analyses of the long-term dynamics on ponds as well as key
factors and interactions affecting water quality (Ventelä et al. 2016) are needed for better management and
conservation of these sensitive environments. This study highlights the need for more studies in saline ponds.
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Figure 1

Ponds’ location in southern Spain, Andalusia. Different symbols represent ponds with different conductivity. Triangle:
Oligosaline ponds; Square: Mesosaline ponds; Star: Eusaline ponds (In full black stars the ponds where the new diatom
species was found, see Table 1). Note: The designations employed and the presentation of the material on this map do
not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map
has been provided by the authors.
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Figure 2

Original slide (holotype) with type material of Navicula pargemina Underwood and Yallop.
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Figure 3

Non-metric Multidimensional scaling analysis (nMDS) ordination plot of diatoms of ponds in the south of Spain. Blue
triangle - oligosaline ponds, green triangle - eusaline ponds, blue square – mesolsaline ponds.
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Figure 4

(4-8) Halamphora sp1; (9-12) Planothidium delicatulum (Kützing) Round & Bukhtiyarova; (13) Cocconeis euglypta
Ehrenberg; (14-16) Nitzschia inconspicua Grunow; (17) Tryblionella pararostrata (Lange-Bertalot) Clavero and
Hernández-Mariné; (18) Navicula veneta Kützing; (19) Nitzschia elegantula Grunow; (20-22) Pseudostaurosira
brevistriata (Grunow in Van Heurck) Williams and Round;(23) Nitzschia solita Hustedt; (24-26) Halamphora cf.pertusa
J.G.Stepanek & J.P.Kociolek; (27) Tryblionella apiculata Gregory; (28-29) Parlibellus cruciculoides
(Brockmann)Witkowski, Lange-Bertalot and Metzeltin. Scale bar 10µm.
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Figure 5

Navicula maiorpargemina D. Fernández Moreno, P. Sánchez-Castillo, C. Delgado and S.F.P. Almeida sp. nov. Light
micrographs of the type population sampled in Zarracatin. Figs 39-48: Navicula pargemina Underwood and Yallop.
Light micrographs of the type material. Scale bar 10 µm
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Figure 6

Navicula maiorpargemina D. Fernández Moreno, P. Sánchez-Castillo, C. Delgado and S.F.P. Almeida sp. nov. Scanning
electron micrographs of the type population sampled in Zarracatin lake in 2006. (49) internal valve view (50) external
valve view: proximal raphe �ssure curved in the same direction; (51) internal view of the continuous sternum with raphe;
(52) external view of the proximal raphe �ssure very weakly expanded; (53) internal view of the apex, showing the distal
raphe ending terminating on a small helictoglossa; (54) external view of the hooked terminal raphe �ssure. Scale bars 1
µm.
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