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Abstract
The present study deals with phytoplankton composition and dynamics of three ephemeral saline
lakes (La Muerte, Piñol and Sulfúrica) situated in one of the most arid inland zone in Europe (Los
Monegros). The lakes show marked differences among one another, although they are all temporary,
shallow and saline systems (430 g l1). La Muerte is dominated by microbial mats that are absent
from the other two. Piñol is more exposed to strong winds than the other two lakes and exhibits
higher turbidity. Sulfúrica appears to be the most extreme system, with the highest salinity, which
leads to a complete absence of macrozooplankton. Phytoplankton composition in these lakes varies
as a consequence of the different physico-chemical conditions; it is fundamentally composed of
typical hypersaline species such as Dunaliella sp., Aphanothece sp., and soil benthic species (e.g.
Hantzschia amphyoxis) that appear to play an important role in these systems. Comparative analysis
of the microbial component (phytoplankton diversity and temporal evolution) under in situ
conditions and the presence of various abiotic and biotic factors, including the impact of
macrozooplankton grazing, shows that it is easy to overlook large differences in the community
structure of apparently similar ecosystems. The present study is a contribution to the understanding
of the often-neglected microbial ecology of ephemeral shallow lakes.
r 2005 Elsevier Ltd. All rights reserved.
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S. Álvarez et al. / Journal of Arid Environments 65 (2006) 553–571

1. Introduction
Shallow saline lakes are common in arid and semi-arid regions of Spain and have a
variety of potentially scientiﬁc and economic uses and values (Mianping, 2001). Their
habitat homogeneity, discreteness and low taxonomic diversity should make them very
attractive to ecologists for microsystems studies (Williams, 1993). These characteristics are
generally found in all extreme environments, especially hypersaline lakes, where species
composition is greatly reduced and diversity decreases as salinity increases (Por, 1980;
Hammer, 1981; Symoens, 1988; Blinn et al., 2004; Girgin et al., 2004). Although this low
species diversity at all trophic levels provides an excellent opportunity for analysing
ecosystem processes and population dynamics (Symoens, 1988), only a few of such studies
have been done (e.g. Post, 1981; Melack, 1981; Vareschi, 1982, 1987; Herbst and Blinn,
1998; Camacho and de Wit, 2003; Hart and Lovvorn, 2003). This is especially true for
Spain where, in spite of the abundance of temporary saline systems, most data concern
geographical and geological aspects, whereas limnological and biological information is
scarce. These systems are extremely rare in an European context. To this respect, the biota
of Spanish inland saline lakes have afﬁnity with Mediterranean African countries and also
with those in Central Asia (Comin and Alonso, 1988). On the other hand, permanent,
deeper saline lakes have been extensively studied (Hammer, 1981, 1986). In this
regard, most of our knowledge and assumptions about the role of phytoplankton in
wetlands are derived from the study of permanent lakes (Crumpton, 1989), while there is
relatively little information about the taxonomy, physiology, ecology and productivity of
phytoplanktonic primary producers in temporary shallow systems. Benthos–plankton
interactions are very important in these systems and their analysis may contribute
signiﬁcantly to the understanding of the trophic behaviour of shallow and temporary lakes
(Garcı́a and Niell, 1993).
This paper describes the composition, structure and dynamics of phytoplankton
communities of three shallow, temporary saline lakes (saladas) during two
hydrological years. The evolution of the photosynthetic communities in the three lakes
is analysed in relation to the biotic and abiotic factors that control these systems. The
differences between these saladas and the factors that may explain their behaviour are
discussed.
2. Materials and methods
2.1. Study areas
The shallow lakes studied are located at the centre of the Ebro River depression, in the
district of Los Monegros (Fig. 1), which is a very important endoreic area in Spain and one
of the most arid inland regions in Europe (Herreros and Snyder, 1997). The lakes are
situated within a Tertiary basin rich in marl and gypsum with limestone in the upper part
(Quirantes Puertas, 1965). The area has a semi-arid Mediterranean climate, with an
average annual rainfall of 300 mm and high potential evapo-transpiration (778 mm)
(Pueyo and Inglés, 1987). The geographical coordinates of the lakes and some of their
morphological features are shown in Table 1.
Water salinity in all the saladas is high, ranging from mesosaline to hypersaline
conditions (according to Hammer, 1981), depending on the stage of the hydrological cycle.
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Fig. 1. Location of the Saladas (La Muerte, Piñol and Sulfúrica) in the Iberian Peninsula.

During the periods studied, salt content ranged from 29.6 to 144.0 g l1 in Piñol, and from
29.3 to 219.2 g l1 in La Muerte, with an average ionic formula Na–(Mg)–Cl–SO4 and
Na–Mg–Cl–(SO4), respectively (Alcorlo et al., 1997). In Salada Sulfúrica, which was
the most saline, it ranged from 28.6 to 238.3 g l1, with an average ionic formula
Na–Mg–SO4–(Cl).
Water persistence in the saladas is favoured by impeded drainage, arising from the low
permeability of lake sediments, and because the water-table is very close to ground level.
The main input water sources are runoffs, drainage from surrounding croplands and direct
rainfall. The outset and span of ﬂooding are highly unpredictable because of the broad
variability of the Mediterranean climate, which is particularly enhanced here by strong
wind action (Pueyo and Inglés, 1987). The aquatic phase is always very short (3–4 months)
and during dry years the lakes can remain dry. La Muerte and Piñol shallow lakes are
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Table 1
Limnological features of the three saladas (La Muerte, Piñol and Sulfúrica)
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located very close to each other, but La Muerte is more sheltered from prevailing winds by
steeper banks, which allow benthic communities (microbial mats) to develop in this system
(Guerrero and de Wit, 1992). Conversely, Piñol is much more exposed to wind action,
which favours continuous mixing processes in the water column. The Salada Sulfúrica is
located far away from Piñol and La Muerte (Fig. 1). This Salada shows, as La Muerte,
more prominent banks that are protecting its basin from prevailing winds. However, in
Sulfúrica, no benthic communities were found during the study period.
2.2. Sample collection and physico-chemical and biological analysis
Samples were collected monthly from each salada from November 1994 to
April 1996, although the basins were ﬁlled for only two short periods (Table 1, Fig. 2).
All variables were measured in the deeper central part of the three saladas during the
months when the basins were full. Variables measured in situ were depth, water
temperature, electrical conductivity at 25 1C (WTW conductivimeter calibrated against a
KCl standard), and pH (Crison 506 pH meter, with a Metrohn electrode-OPR). Two water
samples were collected in plastic bottles in order to analyse total nitrogen (TN) and total
dissolved solids (TDS). Samples for measuring total phosphorus (TP) were collected in two
glass bottles. These were measured in the laboratory according to standard techniques
(APHA, 1989).
Phytoplanktonic chlorophyll-a (Chl a) concentrations were estimated from triple water
samples that were collected from the same place where the in situ variables were measured.
Water samples were ﬁltered in situ through Whatman GF/F glass microﬁbre ﬁlters
(0.7 mm) and then placed in 5 ml of 90% acetone solution for 24 h at 4 1C in the dark for
extraction. Chl a was measured with a spectrophotometer (Cary/1C/UV-Visible spectrophotometer Varian) and its concentration calculated by the Jeffrey and Humphrey (1975)
trichromatic method.
The primary productivity of phytoplankton (PP 14C) was determined using the 14C
method (Vollenweider, 1974). Photosynthesis was measured in situ by suspending two light
and one dark polyethylene bottles 15 cm below the water surface for a 2-h incubation
period at midday.
Phytoplankton samples were collected by immersing three 150-ml bottles 5–20 cm
beneath the surface. A 150-ml syringe was used to ﬁll the bottles when depths were lower.
Samples were ﬁxed in situ with lugol-acetic solution (Parsons et al., 1984). Phytoplankton
species were identiﬁed and their abundance estimated with an inverted optic microscope
(Olympus CK-2) at 1000  and 400  magniﬁcation. Phytoplankton was analysed after
sedimentation following the Utermöhl method (1958). Each cell was counted as an
individual. For colony-forming species, each colony was also counted as an individual.
Taxonomic identiﬁcation was based on Desikachary (1959), Starmach (1966), HuberPestalozzi et al. (1983), Germain (1981), Patrick and Reimer (1966, 1975), Kramer and
Lange-Bertatlot (1986, 1991), Bourrelly (1966, 1968, 1970) and Garcı́a and Niell (1993).
Biovolume of each species was estimated for the three samples collected according to
Wetzel and Likens (1991), using length and width measurements. Biovolume is expressed
as mm3 m2 to integrate this parameter per unit of water surface allowing comparisons
with different systems. Phytoplankton concentration is expressed as individuals/ml and
the algae are classiﬁed as: abundant (4103 cells ml1); common (103–102 cells ml1),
occasional (102–10 cells ml1) or rare (o10 cells ml1).
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Fig. 2. Physico-chemical (depth, Total P and Total N) and biological (Chl a concentration and Primary
Production) features in the three studied shallow lakes.
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3. Results
3.1. Limnological features
The study covered two contrasting hydrological cycles (1994/1995 and 1995/1996). The
ﬁrst period was much drier than the second. Temporal changes of physico-chemical
variables for the three lakes are shown in Table 1 and Fig. 2. The duration of the ﬂooding
period was similar for the three saladas. It was always very short (2–4 months), occurring
between mid-autumn (November) and late winter–early spring (March–April), depending
on the salada and hydrological year. However, Sulfúrica dried out completely one month
later in the second cycle.
In the La Muerte and Piñol saladas there was a continuous increase in salinity as the
ﬂooding period progressed (Table 1). The ﬁrst period (1994/1995) featured higher salinity
than the second. The slightly alkaline pH was more or less constant, while temperature
ﬂuctuated more, attaining minimum values by the middle of both cycles. Nutrients (TN
and TP) showed a similar pattern whereby a considerable increase at the end of each
ﬂooding period coincided with minimum water levels, except for TN in La Muerte, which
decreased continuously during the second period. TP values were lower in Piñol than in the
other two saladas, especially during the second ﬂooding period.
Sulfúrica had the highest recorded salinity (238.3 g l1) and the highest average salinity
of the three saladas. It maintained a slightly alkaline pH except for when it decreased
slightly as salinity increased. TN and TP (Fig. 2) increased towards the end of the ﬂooding
period. Average TN and TP concentrations were higher in this salada than in the other two
during the second ﬂooding period.
3.2. Biological factors, algal composition and dynamics
The highest values for primary production and Chl a concentration were found in
Sulfúrica (Fig. 2). Maximum Chl a values occurred in the middle of both cycles in the three
systems, except in La Muerte during the ﬁrst cycle, when these maximum values were
attained at the beginning of the ﬂooding period. Primary production rates were erratic in
the three saladas and between the two cycles (Fig. 2).
The algal species present in each lake are listed in Table 2. Most of them are typical of
saline environments. Piñol is the salada with the fewest species (ﬁve in the ﬁrst hydrological
cycle studied and six in the second), whereas 11 were found in La Muerte in the ﬁrst period
and 12 in the second, respectively. Fifteen species were found in Sulfúrica in the second
period. Some electronic microscope pictures of the most important algal species found are
shown in Fig. 5.
Temporary changes in relative abundance and biovolume composition of the main
groups (i.e. those comprising more than 1% of the total) during the ﬂooding periods in the
three saladas are shown in Figs. 3 and 4, respectively. In La Muerte, total abundance and
biovolume showed a completely different pattern in the two cycles, with a respective
increase and decrease in the middle of the ﬁrst and second periods (Figs. 3 and 4). At the
beginning of the ﬁrst cycle, several diatom species were dominant (especially Entomoneis
alata (Fig. 5C)) in terms of abundance (Fig. 3) and biovolume (Fig. 4). There were
also some ﬁlamentous Cyanobacteria (mainly Phormidium sp. and Pseudanabaena sp.
(Fig. 5E)). In December, as salinity slightly increased, several coccoid chlorophyceae
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Table 2
Distribution of algal species in the three shallow lakes studied
Saladas

Species

La
Muerte

Bacillariophyceae

Salinity range Abundance
(g l1)

References

Cyclotella bodanica

0–20

R

Entomoneis alataa

3–50

O

Hantzschia amphyoxisa

458–o186

C

Navicula cincta var. heufleria

10–4100

C

Nitzschia closteriuma

3–440

O

Hammer, 1981; Hammer et al.,
1983
Felix and Rushforth, 1979; Garcı́a
and Niell, 1993
Hammer et al., 1983; Armengol
et al., 1975; Margalef, 1947; Garcı́a
and Niell, 1993; Comin and
Alonso, 1988
Hammer, 1981; Hammer et al.,
1983; Margalef, 1947
Hammer, 1981; Armengol et al.,
1975; Comin et al., 1983; Garcı́a
and Niell, 1993

3–10

R

Clorophyceae
Botryococcus brauniia
Botryosphaera sudetica
Bracteacoccus sp.
Chlamydomonas sp.a
Dunaliella sp.a

10–300

A

Nephrochlamys subsolitaria
Oocystis parvaa

4100

R
OC

Oocystis sp.
Schroederia spiralis
Treubaria triappendiculata

50–100

R
R
O

4160

R
O

3–20

R

Gloeocapsa sp.a

3–20

R

Oscillatoria limnetica
Phormidium sp.a

3–450
3–186

R
R

Pseudanabaena sp

3–186

O

10–4100

C

10–450

R

Cyanophyceae
Anabaena constricta
Aphanothece sp.
(cf. halophytica)a
Chroococcus turgidusa

Piñol

R
R
OR

Bacillariophyceae
Navicula cincta var. heufleria
Navicula halophilaa

20–50

Hammer, 1981; Hammer et al.,
1983; Armengol et al., 1975

Hammer et al., 1983; Armengol
et al., 1975
Felix and Rushforth, 1979; Javor,
1989; Comin et al., 1983
Hammer, 1981; Felix and
Rushforth, 1979; Armengol et al.,
1975

Felix and Rushforth, 1979

Javor, 1989; Symoens, 1988;
Armengol et al., 1975
Hammer et al., 1983; Comin and
Alonso, 1988; Armengol et al., 1975
Comin and Alonso, 1988;
Armengol et al., 1975; Margalef,
1947
Hammer, 1981; Javor, 1989
Hammer, 1981; Armengol et al.,
1975

Hammer, 1981; Hammer et al.,
1983; Margalef, 1947
Comin and Alonso, 1988; Hammer
et al., 1983; Margalef, 1956
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Table 2 (continued )
Saladas

Species

Navicula sp. (N. rostellata)
Hantzchia amphyoxis

458–o186

O
R

10–300

R

Oocystis parvaa

4100

OC

Binuclearia tetrana
Closterium sp. (cf. pronum)
Monorraphidium sp.

24,8–57,5
24,8–57,5

R
R
R

458–o186

C

Navicula cincta var. heufleria

10–4100

OR

Nitzschia acicularis

3–100

O

Clorophyceae
Dunaliella sp.a

Sulfúrica

Salinity range Abundance
(g l1)

Bacillariophyceae
Hantzchia amphyoxisa

Crysophyceae
Desmarella pyriformisa
Cloroﬁceae
Dunaliella sp.a

10–300

Chlamydomonas sp.a
Gloeocystis sp. (cf. ampla)a

Hammer et al., 1983; Armengol
et al., 1975; Margalef, 1947; Comin
and Alonso, 1988; Garcı́a and
Niell, 1993
Felix and Rushforth, 1979; Comin
et al., 1983; Javor 1989
Hammer, 1981; Felix and
Rushforth, 1979; Armengol et al.,
1975

Hammer et al., 1983; Armengol
et al., 1975; Margalef, 1947; Garcı́a
and Niell, 1993; Comin and
Alonso, 1988
Hammer, 1981; Hammer et al.,
1983; Margalef, 1947
Hammer, 1981; Hammer et al.,
1983; Felix and Rushforth, 1979

OC

Bourrelly, 1968; Starmach, 1966;
Armengol et al., 1975

A

Felix and Rushforth, 1979; Javor,
1989; Comin et al., 1983
Hammer, 1981; Hammer et al.,
1983; Armengol et al., 1975
Hammer et al., 1983; Armengol
et al., 1975

C
4138

A

4168

R
O
OC

Nodularia spumigenaa

20–50; 100

O

Nostoc sp.a
Oscillatoria limnetica
Pseudanabaena sp.
Synechococcus sp.a

58–186
3–450
3–186
4100

R
R
AC
A

Cianophyceae
Anabaena sp.
Gloeothece sp.
Aphanothece sp.a

References

Abundance (A—abundant, C—common, O—occasional, R—rare; see text).
a
Species or genera already described in Spanish lakes.

Javor, 1989; Symoens, 1988;
Armengol et al., 1975
Hammer, 1981; Felix and
Rushforth, 1979; Comin and
Alonso, 1988
Armengol et al., 1975
Hammer, 1981; Javor, 1983
Hammer, 1981; Javor, 1989;
Armengol et al., 1975
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Fig. 3. Relative (percentage) and absolute abundance of the main groups in the three shallow lakes studied. Only
data for the second period are shown for salada Sulfúrica.
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Fig. 4. Relative (percentage) and absolute biovolumes of the main groups of the three shallow lakes studied. Only
data for the second period are shown for salada Sulfúrica.
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Fig. 5. Photographs of different algal species observed by SEM in the saladas studied. Panels correspond to
(A) Dunaliella sp.; (B) Nitzchia closterium; (C) Entomoneis alata; (D) Hantzchia amphyoxis; (E) Pseudanabaena sp.
(Ps) and possible zygote form of Dunaliella sp. (Dn); (F) Navicula cinta var. heufleri.

appeared and Botryococcus braunii was the most important green alga. In the following
months, Chlorophyceae started to decrease when salinity sharply increased, and
Cyanobacteria (most of them ﬁlamentous forms: Phormidium sp.) reappeared in January
(Fig. 3) and accounted for the highest proportion of biovolume in that month (Fig. 4). In
February 1995, the highest salinity and lowest total abundance and biovolume
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(3.2 cells ml1 and 1.9  103 mm3 m2, respectively) were attained (Figs. 3 and 4). The
pattern in the second period was very different. The highest total abundance
(2013.4 cells ml1) was attained in the ﬁrst month (January 1996). Dunaliella sp. (Fig.
5A) was the most important species, accompanied by Hantzschia amphyoxis, Oocystis
parva and some chlorophyceae (Chlamydomonas sp.). In subsequent months, the total
abundance and biovolume decreased, with a fall in the number of Dunaliella sp. but an
increase in H. amphyoxis. These species represented an average 92% of the total biovolume
during the whole period (Fig. 4). By March 1996, Dunaliella sp. had continued decreasing
while there was a more balanced proportion of other species, mainly diatoms (e.g. H.
amphyoxis, Navicula cincta var. heufleri (Fig. 5F and Nitzschia closterium (Fig. 5B)), many
of which are common soil inhabitants, coinciding with a decrease in water level.
Total phytoplankton abundance and biovolume were lower in Piñol than in the other
two saladas (Figs. 3 and 4). N. cincta var. heufleri (the most important species in this
salada) appeared at the beginning of the ﬁrst ﬂooding period (November 1994) (Fig. 3).
There was also a signiﬁcant presence of the ﬁlamentous green alga, Binuclearia tetrana,
which, in addition to other green algae, made up the highest proportion of biovolume (Fig.
4). Species composition changed dramatically as the period progressed. In December 1994,
the main species were B. tetrana, Monorraphidium sp. and especially O. parva. Species
composition changed again the next month, when only diatoms (N. cincta var. heufleri and
H. amphyoxis) were present. In February 1994, when salinity was highest, almost no algae
were recorded, and N. cincta var. heufleri predominated. The second period featured higher
total abundance and biovolume (Figs. 3 and 4). In January 1996, only N. cincta var.
heufleri was found, moreover at a very low abundance, coinciding with high salinity values.
This species dominated during the rest of the period, accompanied by other, less abundant
diatoms. In the ﬁnal month, O. parva and Closterium pronum accompanied Navicula.
During the last two months Dunaliella sp. was occasionally present.
For salada Sulfúrica, only data for the second ﬂooding period (1996) are shown, since
the water level was very low during the ﬁrst period (Table 1). At the beginning of 1996,
there was a bloom of Gloeocystis cf. ampla in this salada (with an abundance of 74689.5
cells ml1) accompanied by Synechococcus sp. and Dunaliella sp. Other species were
H. amphyoxis, Desmarella pyriformis and the cyanobacterium Aphanothece sp., probably
A. halophytica. Over time, Synechococcus sp. and Gloeocystis sp. became scarcer, whereas
Dunaliella sp. became progressively more abundant. March registered the greatest
composition complexity (more species and more balanced proportions). H. amphyoxis,
although not extremely abundant (Fig. 3), accounted for a remarkable percentage (90.7%)
of total biovolume (Fig. 4). Some nitrogen-ﬁxing species of Cyanobacteria were also found
at that time: Nodularia spumigena, Anabaena sp., and Nostoc sp., all of which had
heterocysts. N. acicularis was also found as a new component of the algal community. By
the end of the period, there had been a sharp increase in salinity, leading to an
impoverishment of the algal community. Dunaliella sp. was the most abundant species,
accompanied by ﬁlamentous Cyanobacteria, some of which had a greater number of
resistance structures (akinetes). The greatest abundance was found at the beginning of the
period, decreasing during February and March and increasing slightly in April. Total
biovolume decreased continuously over time. The greatest primary production, Chl a
concentration, total abundance and total biovolume were found in this salada.
No submersed macrophytes grew in the saladas Súlfurica or La Muerte during 1994/
1995 and 1996. Only in Piñol the growth of the macrophyte Ruppia drepanensis was
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observed. Nevertheless, this plant showed a very reduced growth and a low production of
seeds during the study period (Dı́az, 1998).
4. Discussion
The lakes studied here combine three main characteristics: not only are they saline/
hypersaline but also shallow and extremely ephemeral. These features are reﬂected in their
algal composition. Shallow lakes usually exhibit markedly high inter-annual variability,
which shapes their hydrological budgets (Hammer, 1981; Melack, 1981; Vareschi, 1987).
This is clearly seen in the striking differences for both ﬂooding periods within and between
each salada (Table 1). The ﬁrst period was drier than the second, with corresponding
effects on the water level and salinity. There are no clear relationships between salinity,
which is a driving factor in these systems, and phytoplankton abundance, primary
production or Chl a concentration. This fact is showing the complexity of these systems.
For La Muerte and Piñol, the higher salinity during the ﬁrst cycle led to lower total
phytoplankton abundance, biovolume and primary productivity (Figs. 2 and 3),
conﬁrming the idea, sometimes observed, that greater salinity leads to decreased primary
productivity (Iltis, 1974; Hammer et al., 1983; Symoens, 1988). However, in salada
Sulfúrica, where highest salinities were found, there was a positive relationship between
salinity and primary production (Table 1, Fig. 2). This process coincided with an increase
in Dunaliella sp. abundance. Although with higher salinity the total number of cells and the
total biovolume decreased, the speciﬁc increase in this very productive species caused a
general increase in total primary production in the salada. In any case, no substantial
differences in species number were found in the two ﬂooding periods for each salada,
although the species found varied (e.g. in La Muerte). This is consistent with the
conclusions of Alcorlo et al. (2001), who pointed out that food-web structure was very
stable in these systems regardless of variation in external factors such as nutrient
concentration. However, there were important differences between lakes in terms of
number of species, abundance and temporal dynamics that have not been described in
previous studies adopting a broader perspective (Alcorlo et al., 1997, 2001; Alcorlo, 1999)
(see below).
Phytoplankton diversity is also very reduced in these systems with high salinity and an
ephemeral regime (Iltis, 1974; Hammer et al., 1983). This is especially true for Piñol where,
besides these two features, the continuous mixing of the water column causes permanent
perturbation, leading to the fewest number of species. This wind effect could also explain
why most of the species in this salada are benthonic forms, probably detached from the
bottom, while plankton species, such as Dunaliella sp., are very restricted. Generally, total
abundance decreased in all saladas as salinity increased.
Dunaliella sp. (a green algae ubiquitous in saline environments which can grow even in
saturated ClNa) and Aphanothece sp. (probably A. halophytica an euryhaline, slimeproducing algae (Davis, 2000)) are two hypersaline taxa identiﬁed in the systems. However,
some species typical from other kind of environments, such as small temporary and
shallow pools, soil and mud were also identiﬁed. For example, Hantzschya amphyoxis
which is a common inhabitant of small temporary and shallow pools, slightly brackish
habitats including Antarctica saline lakes, or even the soil (Germain, 1981; Margalef, 1983;
Sabbe et al., 2002), E. alata from muds of shallow pools (Germain, 1981; Round et al.,
1990; Sherwood et al., 2000) and N. cincta var. heufleri or D. pyriformis from small pools
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(Starmach, 1966; Bourrelly, 1968; Germain, 1981; Javor, 1989; Sherwood et al., 2000).
Although not always abundant, these species (e.g. H. amphyoxis) can be very important in
terms of biovolume and, therefore, in biomass, representing an important autochthonous
carbon input in the system.
As Alcorlo et al. (2001) showed with their mesocosm experiments, the phytoplankton
dynamics in Piñol and La Muerte are only well understood from the point of view of the
zooplankton grazing effect. In Piñol, at the beginning of the ﬁrst cycle, N. cincta var.
heufleri was the dominant species, but more palatable species appeared the following
month (Monorraphidium sp., O. parva). The reduction and ﬁnal disappearance of these
populations could be related to the action of several zooplankton groups (mainly rotifers)
whose populations increased at this time (Alcorlo et al., 1997). In La Muerte, during the
initial months of the ﬁrst ﬂooding period, only relatively unpalatable phytoplankton forms
were found (diatoms, blue-green algae, cysts, etc.). However, in January, coinciding with a
decrease in active grazing groups of zooplankton (Rotifera) (Alcorlo et al., 1997),
phytoplankton was more abundant and there was a greater diversity of cyanobacteria.
During the second ﬂooding period, species like Dunaliella sp., which tolerates high
salinities but is also highly palatable (Post, 1981), continuously decreased although salinity
increased month by month. On the other hand, less palatable species, like H. amphyoxis
and N. cincta (which made up 93% of the total biovolume) (Fig. 4), increased over the
whole period, coinciding with higher abundances and diversity of zooplankton grazing
groups (rotifera, anostracea, ostracoda) (Alcorlo, 1999). The continuous and exhaustive
zooplankton grazing observed in Piñol and La Muerte has been described before in saline
systems. For example, in Lake Bolshoy Shantropy (Russian Federation) zooplankton
exceeded phytoplankton biomass by 10.4 times during the summer (Hammer, 1986) and
the relatively low phytoplankton biomass was attributed to intensive zooplankton grazing.
In Sulfúrica there was no macrozooplankton (data not shown) and, unlike the cases of
Piñol and La Muerte, we can conclude almost no zooplankton effect. According to Por
(1980), the processes are controlled by competition events. The greater total abundance,
biovolume and primary productivity in Sulfúrica than the other two saladas seem to be
related to the higher nutrient concentrations that appeared in this lake during the second
hydrological cycle, especially of TP (Fig. 2), and also to very diminished zooplankton
grazing activity. These higher nutrient concentrations could be explained by the decay and
decomposition of previous algal populations. These are very abundant in this salada and
would, thus, contribute to the self-enrichment of the system. In March, coinciding with a
substantial increase in TP, some N-ﬁxing species appeared, e.g. N. spumigena, Nostoc sp.,
and Anabaena sp., all with heterocysts. This could reﬂect a nitrogen-limitation process.
However, the TN/TP ratio was very high (40.5), arguing against N-limitation. In any case,
this ratio is not very reliable because it considers total forms and not only those available
to the organisms (Reuter et al., 1993). On the other hand, nitrogen is considered a limiting
nutrient in terrestrial arid systems and, consequently, in aquatic systems located in this
area (Caraco et al., 1989; Reuter et al., 1993). In addition, the availability of P is increased
in systems with signiﬁcant concentrations of sulphate (Caraco et al., 1989). In Sulfúrica
this anion was important (7.676 meq l1) and allowed a greater release of P from the
sediments, also provoking more N-limiting conditions. In this respect, a slender diatom
(Nitzschia acicularis) appeared, coinciding with the increase in total P, as happened in
La Muerte with another slender diatom (N. closterium) when there was a low N:P ratio
(March 1996). All these N-ﬁxing cyanobacteria and slender diatom species could therefore
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be indicators of nitrogen-limiting status that appeared by the end of the ﬂooding period in
the shallow lakes of Sulfúrica and La Muerte (Garcı́a and Niell, 1993).
Contrary to what happens in other wetlands, where the abundance of macrophytes is
very important (e.g. R. drepanesis is a very common vascular macrophyte in shallow
temporary salt lakes of the La Mancha region, in Central Spain, (Priebe and Florı́n,
1994)), these primary producer communities do not seem to be important in the global
functioning of these systems since macrophytes were present only in one of them (Piñol)
and, in terms of biomass, its contribution was very low.
5. Conclusions
The ephemeral salt lakes studied here have an annual ﬂooding period of only 3–4
months. This introduces new characteristics to those already observed in other saline and
temporary lakes. Thus, some of the most important species are adapted not only to
increased salinity but also, more importantly, to long dry periods. In fact, some of them are
normal inhabitants of soils that appear in these systems due to their resistance to salinity,
and may constitute a high percentage of the biomass.
The main factors controlling phytoplankton dynamics in all these systems are water
regime and the consequent changes in TDS concentration. The latter factor masks others,
such as nutrient concentration. In salada Sulfúrica, where the zooplankton grazing effect
was negligible, the greatest number of species (both truly halophytic and only halotolerant)
coexists at intermediate salinities and competition among algal populations seems to
explain phytoplankton behaviour. On the other hand, a strong zooplankton effect controls
algal dynamics in La Muerte and Piñol. This explains the decrease in total algal abundance
and biovolume in the middle of the second ﬂooding period in La Muerte, coinciding with
intermediate salinities and higher abundance of zooplankton grazing groups (Alcorlo,
1999). Finally, although the temporal dynamics of water level and salinity are similar in La
Muerte and Piñol, their primary producer communities differ dramatically. The poor wind
effect and granulometric composition of sediments leading to the formation of microbial
mats in La Muerte are key factors in preventing water resuspension, whereas water is
commonly turbid and the phytoplankton community is highly impoverished in Piñol.
Temporary shallow saline lakes are controlled by several factors (climate, water depth,
salinity, zooplankton, turbidity) that give rise to very complex patterns. Combinations of
factors direct the system in a particular direction in each cycle. In this respect, we can build
simpliﬁed primary producer response models for each salada based on the change in
environment and community structure. However, longer-term studies are needed to
understand how these systems function. Their simple communities and the fact that they
occur at the boundary between lakes, wetlands and soils make their study not only very
attractive but also necessary, if they are to be protected from a range of threats including
agricultural practice, and freshwater and sewage inputs (Comin et al., 1999). On the other
hand, the singularity of these systems in an European context makes the assurance of their
effective conservation even more important.
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