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Abstract The spatial and seasonal dynamics of the
halophilic prokaryotic community was investigated in
five ponds from Sfax solar saltern (Tunisia), covering a
salinity gradient ranging from 20 to 36%. Fluorescence
in situ hybridization indicated that, above 24% salinity,
the prokaryotic community shifted from bacterial to
archaeal dominance with a remarkable increase in the
proportion of detected cells. Denaturing gradient gel
electrophoresis (DGGE) profiles were rather similar in
all the samples analyzed, except in the lowest salinity
pond (around 20% salt) where several specific archaeal
and bacterial phylotypes were detected. In spite of
previous studies on these salterns, DGGE analysis
unveiled the presence of microorganisms not previ-
ously described in these ponds, such as Archaea related
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to Natronomonas or bacteria related to Alkalimnicola,
as well as many new sequences of Bacteroidetes. Some
phylotypes, such as those related to Haloguadratum or
to some Bacteroidetes, displayed a strong dependence
of salinity and/or magnesium concentrations, which in
the case of Haloquadratum could be related to the
presence of ecotypes. Seasonal variability in the
prokaryotic community composition was focused on
two ponds with the lowest (20%) and the highest
salinity (36%). In contrast to the crystallized pond,
where comparable profiles between autumn 2007 and
summer 2008 were obtained, the non-crystallized pond
showed pronounced seasonal changes and a sharp
succession of “species” during the year. Canonical
correspondence analysis of biological and physico-
chemical parameters indicated that temperature was a
strong factor structuring the prokaryotic community in
the non-crystallizer pond, that had salinities ranging
from 20 to 23.8% during the year.

Keywords Solar saltern - Hypersaline environment -
Environmental factors - Prokaryotic dynamics -
DGGE - FISH - Haloguadratum - Bacteroidetes

Introduction
The prokaryotic community structure of different
coastal solar salterns across the world has been

characterized by using both culture dependent and
independent methods (Burns et al. 2004; Maturrano
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et al. 2006). FISH and molecular analyses revealed
that Bacteria and Archaea are the two components of
the microbial community in such extreme systems
(Benlloch et al. 1996; Antdon et al. 1999, 2000;
Rodriguez-Valera et al. 1999; Litchfield and Gillevet
2002; @vreas et al. 2003). In the crystallized ponds
with the highest salinity (around 35%), a very low
prokaryotic diversity was depicted by using 16S rRNA
gene clone libraries, with Archaea being the dominant
fraction (Rodriguez-Valera et al. 1999; Ant6n et al.
2000, 2008). While organisms related to Haloquad-
ratum walsbyi and Halorubrum sp. were the most
abundant Archaea (Benlloch et al. 2002; Burns et al.
2004), different Salinibacter phylotypes as well as
other members of Bacteroidetes, dominated the bac-
terial assemblage that accounted for 5-30% of micro-
bial community (Antén et al. 2002, 2008; @vreas et al.
2003). In contrast, at lower salinity (around 20%)
ponds, a rather diverse assemblage of Bacteria and
Archaea was observed (Casamayor et al. 2002; @vreds
et al. 2003).

Although considerable data are available regarding
the microbial diversity in hypersaline environments
(Sorensen et al. 2005; Walsh et al. 2005; Dong et al.
2006; Jiang et al. 2006; Clementino et al. 2008;
Tsiamis et al. 2008; Pagaling et al. 2009), fewer papers
have addressed the seasonal variability and the factors
that influence the prokaryotic community dynamics
(Koizumi et al. 2004; Henriques et al. 2006). How-
ever, differences in prokaryotic community distribu-
tion and composition may be found at a very small
scale as a result of salinity, nutrient concentration and
organic matter composition gradients (Oren 2002,
2008; Koizumi et al. 2004).

Two culture-independent studies on the microbial
community of Sfax solar saltern have been conducted
using 16S rRNA gene clone libraries (Baati et al.
2008; Trigui et al. 2011). These studies indicated that
Sfax salterns harbour a prokaryotic diversity higher
than that of other salterns previously studied. How-
ever, the above mentioned studies included only two
and three sampling sites, respectively, and did not
assess the seasonal variability. Here, in order to
analyze the microbial community dynamics in that
system, we have investigated the seasonal and spatial
variability of Bacteria and Archaea phylotypes pres-
ent in five hypersaline ponds along the salinity
gradient in Sfax salterns.
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Materials and methods
Sample collection and physico-chemical analysis

Five ponds (M1, TS18, PM2, R2, and S6) from Sfax
solar salterns (34°39'N and 10°42’'E) with salinities
ranging from 20 to 36% were sampled in March 2008.
Samples were labelled as MIMROS, TS18MROS,
PM2MRO08, R2ZMRO08, and S6MROS8 and used for the
study of the spatial variability of the prokaryotic
community. Samples were also taken from ponds M1
and TS18 in November 2007 (autumn; samples
MINO7 and TS18N07), May 2008 (late spring;
samples MIMYO08 and TS18MYO08) and August
2008 (summer; samples M1AUO8 and TS18AUOS)
and were used for ascertaining seasonal variability.
For every sample, 1 1 of water was collected 20 cm
below the surface in sterile bottles previously rinsed
with water from the sampled pond. Salinity was
determined in situ with a hand refractometer (Atago).
Subsamples were sent to the research technical
facilities at the University of Alicante (Spain) for
chemical analysis.

DAPI-total cell counts, FISH and catalyzed
reported deposition-FISH experiments

Water samples were fixed as previously described for
fixation of extremely halophilic microorganisms by
Anton et al. (1999). Total cell counts were determined
by polycarbonate-membrane filtration after staining
with  DAPI (4,6-diadimino-2-phenylindole)  as
described before (Snaidr et al. 1997). In situ hybrid-
izations were performed at 46°C for 90 min as
described in Snaidr et al. (1997). The group-specific
probes to detect Archaea and Bacteria were respec-
tively ARC915 and EUB338 (Amann et al. 1990;
1995, respectively). For catalyzed reported deposition
(CARD)-FISH experiments, horseradish peroxidase
(HRP) labeled oligonucleotide probes and tyramide
signal amplification were used as described in detail
(Pernthaler et al. 2004). The procedure of this
approach consists of four main stages: embedding,
permealization and inactivation of peroxidases,
hybridization and tyramide signal amplification
(Pernthaler et al. 2004). The slides were examined
with an Axioplan microscope (Leica DMLA) and
stained cells were counted in more than 20 different
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microscopic fields to estimate the cell concentration in
the samples.

DNA extraction

Microbial biomass was collected by filtration of
10-20 ml of every sample with a 0.22 pm pore size
GV filter (Durapore, Millipore) and DNA was
extracted as described in detail in a previous work
(Mutlu et al. 2008) with the exception that nucleic
acids were precipitated with 0.1 vol of sodium acetate
and 0.6 vol of isopropanol and centrifuged at 13,000
rpm, for 30 min, at 4°C, and washed with 70%
ethanol. Genomic DNA extracts were stored at —80°C
until used.

PCR amplification of bacterial and archaeal 16S
rRNA genes

The extracted genomic DNA was used for PCR
amplifications of bacterial and archaeal 16S rRNA
genes by using the specific primers 341F-GC (GC-
clamp: 5'-CGCCCGCCGCGCGCGGCGGGCGGGG
CGGGGGCACGGGGGG-3') and 344 F-GC, respec-
tively, and the reverse universal primer 907R (Muyzer
et al. 1993, 1996; Schifer et al. 2001). Each PCR
mixture contained 5 pl of 10x PCR reaction buffer
(Invitrogen), 2.5 pl of 50 mM MgCl,, 1 pl of a
10 mM dNTP mixture, 1 pl of 10 pM (each) primer,
1 units of Taq polymerase, 1 pl of template DNA and
sterile MilliQ water up to 50 pl. The PCR program for
Bacteria was: 94°C for 5 min, 65°C for 1 min, 72°C
for 3 min and 9 touchdown cycles of: 94°C for 1 min,
65°C (with a decreasing of 1°C in each cycle) for
1 min, 72°C for 3 min, followed by 20 cycles of: 94°C
for 1 min, 55°C for 1 min, 72°C for 3 min. The PCR
program for Archaea was: 94°C for 5 min and 30
cycles of: 94°C for 30 s, 56°C for 45 s, 72°C for
2 min. In both cases, during the final cycle the length
of extension step was increased to 30 min to minimize
double band formation (Janse et al. 2004).

DGGE analysis of bacterial and archaeal diversity

DGGE was performed by using the D-Code System
(Bio-Rad, Hercules, CA). PCR products were loaded
onto 6% (w/v) polyacrylamide (acrylamide:bis-acryl-
amide gel stock solution 37.5:1; Bio-Rad), with 45 to
65% (Archaea) and 40 to 60% (Bacteria) denaturing

gradient (where 100% of denaturant consists of 7 M
urea and 40% formamide) in 1x TAE buffer (40 mM
Tris, pH 8.0; 20 mM acetic acid; 1 mM EDTA) and
subjected to 16-18 h of electrophoresis at 60°C and
70 V. DGGE gels were stained for 30 min with SYBR
Green, visualized under UV light and photographed
with a Typhoon 9410 (Amersham Biosciences) system.
The images were analysed to estimate the bacterial and
archaeal richness (Moeseneder et al. 1999).

For sequencing and identification of DGGE frag-
ments, bands were excised with sterile razor blades
from the DGGE gels and soaked overnight into 20 pl
of MilliQ water. Two microliters (100 ng approxi-
mately) of each band were then re-amplified, with the
same primer set (without the GC clamp). PCR
products were purified with a GFX PCR DNA and
gel band purification kit (GE Healthcare) and 250 ng
were sequenced with primer 907R in an ABI PRISM
3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA). Sequences were aligned to affiliated 16S
rRNA gene sequences obtained from GenBank nucle-
otide database using the BLAST (Basic Local Align-
ment Search Tool) software at the National Centre of
Biotechnology Information website (http://www.ncbi.
nlm.nih.gov/).

Data analysis

Physicochemical data (salinity, pH, temperature,
sodium, potassium, magnesium, calcium, chlorides
and sulphate concentrations) were taken as the inde-
pendent variables while biological parameters (archaeal
and bacterial diversity, numbers of Archaea and Bac-
teria and DAPI counts) were taken as dependent
variables. First, a principal component analysis (PCA)
was carried out using the informatics package SPSS17.0
to study the correlation among the independent vari-
ables. Then, ordination methods were used to analyze
the variation of the sequences found in the different
ponds according to the physicochemical variables using
canonical correspondence analysis (CCA). The result-
ing ordination biplot approximated the weighted aver-
age of each species (in this case, distribution of
phylotypes) with respect to each of the environmental
variables, which were represented as arrows. The length
of these arrows indicated the relative importance of that
environmental factor in explaining variation in bacterial
and archaeal profiles, while the angle between arrows
indicated the degree to which they were correlated
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(Jongman et al. 1995). A Monte Carlo test with 4,000
permutations was carried out to make assure the
significance of the canonical axes. These analyses were
carried out using the program package CANOCO 4.5.
Paleontological Statistics Software Package (PAST)
was used to compute Shannon index and estimate
prokaryotic diversity by using each DGGE band as an
equivalent of a “phylotype”. Relationships between
archaeal and bacterial DGGE band patterns for the
analyzed samples was performed by calculating a
similarity dendrogram as previously described (Marti-
nez-Garcia et al. 2010).

Results and discussion
Physicochemical characterization of the samples

We analyzed eight samples from ponds M1 and TS18
collected in autumn 2007, late winter, late spring and
summer 2008, as well as three additional samples
taken in PM2, R2, and S6 ponds in late winter 2008.
For every pond, a total of nine physicochemical
parameters (temperature, salinity, pH, and ionic
composition) were determined as shown in Table 1.
The salinity of the samples ranged from 20 to 36% as
determined in situ by a hand refractometer.

PCA of these nine parameters indicated that three
components were needed to explain 95.1% of the total
variance among the samples. The first component C1
had a very strong contribution of the salinity and
magnesium concentration while C2 was mainly
related with sodium concentration and C3 with
temperature (Supplementary Table 1). According to
these three components, the different samples were
grouped as shown in Supplementary Fig. 1. With the
exception of the sample pond S6 (slightly more saline
than the rest but with very high magnesium concen-
tration), all the samples taken in March grouped
together and apart from the rest, while samples taken
in August and May were not clearly separated and
formed a non homogenous cluster. Thus, salinity was
not the only factor relevant in defining differences/
similarities among samples.

FISH and DAPI counts

We analyzed the prokaryotic diversity in five different
ponds in March (2008), along the salinity gradient.

@ Springer

Samples showed salinities between 20 and 36%
(Table 1) and DAPI total cell values of up to
8 x 107 cells ml™', in the range of cell densities
previously measured in this system (Elloumi et al.
2009; Trigui et al. 2011) or in other coastal salterns or
salt lakes (Anton et al. 2000; Burns et al. 2004; Mutlu
et al. 2008). Composition of the prokaryotic commu-
nity in the lowest salinity M1 sample could not be
measured by standard FISH. For this reason, CARD-
FISH was performed for that sample indicating that
Bacteria constituted at least 13% of the prokaryotes
while Archaea remained undetectable in all except the
August sample, which also had the highest detection
rate among M1 samples. The failure of FISH detection
in most M1 samples (expect for M1 AU 08) is most
likely due to a low level of metabolic activity of the
community (Amann et al. 1995; Pernthaler et al.
2004). By combining flow cytometry cell sorting of
SYBR Green labelled cells and phylogenetic analysis,
two populations of cells with high (HNA) and low
(LNA) nucleic acid content were detected in M1 and
TS (Trigui et al. 2011). In agreement with our FISH
results, LNA fraction, composed of cells that are either
inactivated, dormant or have very low levels of
activity (Gasol et al. 1999; Lebaron et al. 2002) was
more abundant in M1 than HNA. Indeed, sequences
related to the LNA fraction described by Trigui et al.
(2011) were retrieved from M1, as discussed in the
following section. For the rest of the ponds, FISH
showed that prokaryotic detection percentages were
above 44%, with Archaea always outnumbering
Bacteria, in good agreement with data previously
reported for other crystallizers (Antén et al. 1999;
Rossell6-Mora et al. 2003; Maturrano et al. 2006).

DGGE analysis of prokaryotic diversity

Bacterial and archaeal assemblages were analyzed by
amplification of a fragment of the 16S rRNA genes
from the community followed by DGGE. DGGE
patterns (Fig. 1) were rather homogeneous in all the
samples analyzed, except in the case of M1. However,
similarities were higher among archaeal patterns that
displayed less changes both with time and along the
salinity gradient. Clustering analyses of the DGGE
profiles (Fig. 2) showed two main clusters (M1
samples and the rest) both for Bacteria and Archaea
patterns. In a previous work on Sfax solar salterns,
Baati et al. (2008) analyzed 16S rRNA gene libraries
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Fig. 1 DGGE profiles obtained with archaeal a and bacterial
b specific primers. Sequenced bands are marked with arrows
and named as in Tables 2 and 3

from three different kinds of ponds: M2, TS38 and S5
(that would be similar to our ponds M1, TS18 and S6,
respectively). These authors also found that M2, the
lowest salinity pond, was different from the rest, since
no sequence present in M2 was retrieved from the rest
of the ponds. In our case, M1 was also the most
dissimilar pond and the only one with pond-specific
bands. However, many bands present in M1 were also
present in the rest of the ponds analyzed in this work,
as explained below.

In order to identify the different members of the
prokaryotic =~ community, DGGE bands (of

@ Springer

approximately 550 bp) were excised from the gel
and sequenced. All DGGE bands (Fig. 1) with the
same position in the gel showed the same sequence
(data not shown). CCA was used to correlate changes
in bacterial and archaeal phylotype (i.e. DGGE band
sequence) distribution in the different ponds with their
physicochemical characteristics. Sequencing results
from individual DGGE bands are shown in Tables 2
and 3 while Fig. 3 show graphically the changes in
phylotype composition (i.e. DGGE band) for the
analyzed samples according to the pond and the
sampling season, respectively. With the exception of
M1, that had seven bacterial and seven archaeal
specific bands, most of the bands appeared in all the
analyzed ponds. It is noteworthy (Fig. 3) that all these
M1 specific sequences have a similar distribution in
the graph according to CCA1 axis, so they correspond
to samples of similar salinities although different
temperatures (as can be seen by projecting them over
the vectors representing these environmental param-
eters), as discussed below. Finally, there are pairs of
archaeal/bacterial sequences that always appear
together either at a given time of the year (1A/16B)
or along different seasons (24A/12B). These pairs of
phylotypes display the same dependence of physico-
chemical parameters, as shown by their similar
position in the CCA space, and most likely have the
same growth requirements.

For Bacteria, 13 bands were excised from the gel
and sequenced. Nine of them were related to Bacter-
oidetes, two to y-Proteobacteria, one to a-Proteobac-
teria and one to Cyanobacteria. Seven bands
corresponded to sequences not previously retrieved
from Sfax salterns, in spite of the availability of three
recent papers on the microbial diversity of this system
(Baati et al. 2008; Trigui et al. 2011), although some of
them were very closely related to sequences from
other Mediterranean coastal salterns. Among the
sequences detected here similar to previously reported
Sfax sequences, two of them (7B and 9B) seemed to be
specific of M ponds, since we detected them only in
M1 (Figs. 2, 3) while Baati et al. (2008) detected them
in M2. However, band 8B was labelled as M2 specific
in Baati et al. (2008) while we found it in all the ponds.
In addition, a band (12B) specific of M1 pond was very
closely related to a sequence found in high magnesium
bitterns from Sfax solar salterns (Baati et al. unspub-
lished) with Alkalilimnicola sp. as the closest cultured
relative (97% similarity). Very recently (Ghai et al.
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Fig. 2 Dendrogram A
showing the relﬁtionships S0 60 70 80 90 100 B 50 60 80 100
L ) . . \ X
between archaeal a and PM2 MR08 TS18 MR08
bacterial b DGGE band _| TS18 AUOS 518 MY0S
patterns for every analyzed
pond. Samples are labelled TS18 MR08 TS18 NO7
as in Table 1 TS18 MYO08 TS18 AU0S
TS18 NO7 R2 MR08
R2 MR08 PM2 MRO8
S6 MR08 S6 MR08
_|: M1 AUO08 M1 MRO8
M1 MYO08 M1 NO7
{ M1 MRO8 M1 MYO08
M1 NO7 M1 AUO8
Archaea Bacteria

2011) found that Alkalilimnicola representatives
accounted for around 16% of the prokaryotic commu-
nity inhabiting a saltern pond of 19% salinity. These
sequences had not been previously found in the works
by Baati et al. 2008 and Trigui et al. 2011 mentioned
above. Only three bacterial sequences had more than
97% similarity to 16S rRNA genes from cultured
strains (12B, 15B and 20B) and the rest had only
distant relationships with known genera, underscoring
the extend of unknown diversity present in natural
environments. To this regard, it is worth mentioning
the recovery of a sequence (13B) only distantly related
to the a-proteobacterium Anaplasma.

Bacteroidetes was the most frequently retrieved
bacterial group, with a high representation of new
sequences not previously found in nature. Indeed, it
seems that the description of a group of phylogenet-
ically related halophiles is emerging within the
Bacteroidetes formed by a couple of cultured genera
(i.e. Salinibacter and Salisaeta) together with
sequences recovered from hypersaline environments
all over the world (Antén et al. 2008).

For Archaea, all the 19 bands analyzed corre-
sponded to members of the Halobacteriales (Eur-
yarchaeota). With the exception of bands 1A and 1B,
all were closely related either to cultured haloarchaea
or to sequences previously retrieved from hypersaline
environments. Five of them were related to Sfax
sequences obtained in Baati et al. (2008) or Trigui et al.
(2011). Sequences 4A and 7A were observed in all the
analyzed ponds while their homologous sequences had
been previously found in M2 and S6, respectively.
Three sequences (25A, 26A and 27A) were specific of
pond M1 and corresponded to the low nucleic acid

content found by Trigui et al. (2011) in this pond in
October 2009. Among the archaeal sequences related
to cultured strains, it is worth mentioning that four
bands related to H. walsbyi, which has been repeatedly
reported as one of the most abundant prokaryotes in
coastal solar salterns, included Sfax salterns (Benlloch
et al. 1996, 2002; Burns et al. 2004; Maturrano et al.
2006; Mutlu et al. 2008). Haloquadratum bands 7A
and 11A are present along the whole year in all the
samples, while bands 6A and 7A do not appear in M1,
most likely indicating the existence of ecotypes within
this species adapted to different environmental condi-
tions. In addition, two sequences (29A and 30A) were
related to the alkaliphilic haloarcheaon Natronomonas
which had not been previously detected in Sfax salterns
but have also been found in other neutral hypersaline
environments (Benlloch et al. 2002, Burns et al. 2004;
Ghai et al. 2011).

In summary, sequence analyses showed that most
archaeal and bacterial phylotypes corresponded to
members of Euryarchaeota and Bacteroidetes, respec-
tively, which was in agreement with previous studies
of Sfax salterns carried out using rRNA gene clone
libraries (Baati et al. 2008; Trigui et al. 2011), as well
as analysis of hypersaline environments from over the
world (Mutlu et al. 2008; Burns et al. 2004; Antén
et al. 2008; Ghai et al. 2011). However, not all the
DGGE sequences obtained in this work matched with
environmental clones previously recovered from the
same ponds. This phenomenon has also been observed
in studies with natural samples where the use of
different sets of primers (for cloning and DGGE
analyses) demonstrated that not all the sequences
obtained by DGGE matched exactly with sequences in

@ Springer
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libraries and even some groups of microorganisms
appeared only under one of the two techniques applied
(Santos et al. 2010). In addition, in spite of the
temporal stability of the samples, there are sequences
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CCA1 1.0
that appear only at a given season and therefore may
not have been recovered in the studies by Baati et al.
(2008), and Trigui et al. (2011) that were based on a
single sampling time.
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Finally, although DGGE and FISH has a relatively
low resolution mainly due to unspecificity in the used
primers and probes (Daims et al. 1999), it provides a
good snapshot of the most abundant and predominant
microbial groups (Pedrds-Alié 2006) that in the case
of hypersaline systems agree with data retrieved by
high-throughput molecular techniques such as me-
tagenomics (Rodriguez-Brito et al. 2010) and recently
by single cell sequencing (Ghai et al. 2011), that
indicates that halophilic square Archaea together with
Bacteroidetes retrieved in the present study likely play
a significant role in the ecosystem functioning.

Dynamics of the prokaryotic community

As shown in Fig. 3, both for Archaea and Bacteria,
there is a succession of phylotypes along the salinity
gradient that in the case of Bacteria is accompanied by
a decrease in diversity. This decrease of bacterial
diversity along salinity gradient in salterns has been
previously reported (Benlloch et al. 2002). However,
there is almost no data on the temporal stability of the
prokaryotic community inhabiting the different ponds.
In order to get a better understanding of this phenom-
enon, we analyzed two types of ponds (M1 and TS18),
with two different degrees of salinity and different
microbial communities (Baati et al. 2008; Trigui et al.
2011) along a complete year.

The crystallizer TS18 shows the well known
dominance of Archaea in hypersaline environments,
although a considerable number of Bacteria are also
present. For both domains, the composition is very
stable along the year as shown by DGGE patterns, with
all the bacteria bands affiliated to Bacteroidetes. The
only remarkable change is the absence, in the sample
taken in November 2007, of band 1B that corresponds
to an uncultured Bacteroidetes, which is present in all
the M1 and in the rest of TS samples. One possible
explanation is that this phylotype can not stand the
high magnesium concentration present in this sample
since it is present in all the ponds in all seasons, except
the three samples with highest magnesium (R2MROS,
TS18N07 and S6MRO08). Notice that sample TSMYO08
has higher salinity than R2ZMROS8 but lower magne-
sium concentration.

The community inhabiting pond M1 experienced
more changes along the year than that of TS18, both in
numbers and “species” composition. From November
2007 to May 2008, the DGGE archaeal band pattern

remained rather stable although they most likely
represent inactive species since Archaea cannot be
detected by FISH. In summer, the archaeal community
undergoes a change that implies not only an increase in
activity (as indicated by FISH numbers) but a shift in
the “species” composition, with some new phylotypes
appearing (e.g. 1A and 2A) while other disappear
(24A), as shown in Fig. 1.

Bacteria in pond M1 undergo considerable changes
along the year that affect specially the bands specific
of this pond, as shown in Figs. 1 and 3, and also affects
the overall bacterial diversity of the sample, as
indicated by the Shannon index values (Table 1).
M1 specific sequences (Fig. 3a) fall on the right side of
the graph, apart from the rest of sequences that can be
found in most of the other ponds. Their distribution,
almost along a vertical line, indicate that their
physicochemical conditions represented by horizontal
vectors affect all these sequences in the same way.
Thus, differences in their location in the diagram are
due to their relationship with temperature (the vector
with highest vertical component). In other words,
these sequences are found in samples with similar
chemical composition but different temperatures that
are, obviously, due to the seasonal changes. As shown
in Fig. 3b, some M1 specific sequences appear only in
one of the seasons, while other are found only in
certain periods of the year such as autumn—winter (as
9B and 7B) or spring-summer (as 13B).

Concluding remarks

The present study represents a step further in the
knowledge of prokaryotic community dynamics in
hypersaline environments, which is key to understand
the structure of microbial communities and how they
may respond to changes in abiotic factors of the
environment. Our data indicate that salinity is not
the only force structuring the halophilic community
and that seasonal changes can affect greatly the
composition of the microbial assemblage, specially
the bacterial component, and thus have to be taken into
account to describe properly the microbiota of this
“low-diversity” systems.
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