
Abstract

Conde-Álvarez, R.M., Bañares-España, E., Nieto-Caldera, J.M., Flores-
Moya, A. & Figueroa, F.L. 2012. Submerged macrophyte biomass distri-
bution in the shallow saline lake Fuente de Piedra (Spain) as function of
environmental variables. Anales Jard. Bot. Madrid 69(1): 119-127.

Aquatic macrophyte biomass, diaspore bank distribution and their rela-
tionship to spatial variability of depth, nutrients (nitrite, nitrate, ammo-
nium and soluble reactive phosphorus) as well as sediment granulometry
in an athalassohaline lake have been studied during one wet hydrologi-
cal year. The results indicate that species growing in the lake show diffe-
rent spatial distribution patterns throughout the lake. Indirect gradient
analysis (canonical analysis) results showed a first axis defined as a func-
tion of Ulva flexuosa Wulfen biomass which is, in turn, positively corre-
lated with interstitial ammonium and Soluble Reactive Phosphorus (SRP).
The second axis was mainly established due to Lamprothamnium papu-
losum (Wallr.) J. Groves biomass which correlated positively to depth and
negatively to interstitial ammonium and SRP. These results revealed a NE-
SW eutrophic gradient allowing the U. flexuosa biomass proliferation.
This phenomenon could increase the shadow effect over the rest of the
macrophytes inhabiting this shallow lake. Moreover, the eutrophic
harmful effect on the macrophyte physiology and over the diaspore bank
could have important consequences in the survival of such important
populations. The results reported in this study show the need for studies
as the base to select sampling points for monitoring this wetland.

Keywords: submerged macrophytes, eutrophication, lakes, maps,
Fuente de Piedra, Spain.

Resumen

Conde-Álvarez, R.M., Bañares-España, E., Nieto-Caldera, J.M., Flores-
Moya, A. & Figueroa, F.L. 2012. Distribución de la biomasa de los
macrófitos sumergidos en la laguna salina somera de Fuente de Piedra
(España) en función de las variables ambientales. Anales Jard. Bot. Ma-
drid 69(1): 119-127 (en inglés). 

La distribución de la biomasa de los macrófitos acuáticos y de su banco
de semillas y oogonios ha sido investigada en relación a la profundidad,
los nutrientes (nitrito, nitrato, amonio y fósforo soluble reactivo) y la
granulometría del sedimento durante un año hidrológico húmedo. Los
resultados muestran patrones de distribución diferentes en las distintas
especies. Los resultados del análisis canónico basado en análisis de gra-
diente indirecto muestran un primer eje definido en función de la bio-
masa de Ulva flexuosa Wulfen que, a su vez, está positivamente corre-
lacionada con el amonio intersticial y el fosfato soluble. El segundo eje
se establecía principalmente en función de la biomasa de Lamprotham-
nium papulosum (Wallr.) J. Groves, que a su vez estaba positivamente
relacionada con la profundidad y negativamente correlacionada con el
amonio intersticial y el fosfato soluble. Estos resultados ponen de mani-
fiesto un gradiente NE-SW de eutrofización que induce la proliferación
de U. flexuosa, lo que podría contribuir a aumentar el efecto de som-
breo sobre el resto de los macrófitos de la laguna. Además la eutrofiza-
ción puede ejercer un efecto negativo tanto en la fisiología de los
macrófitos como sobre el banco de diásporas poniendo en riesgo la su-
pervivencia de estas poblaciones. Los resultados obtenidos en el pre-
sente estudio resaltan la necesidad de disponer de estudios de base para
seleccionar los puntos de muestreo necesarios para monitorizar este
tipo de humedales.

Palabras clave: macrófitos sumergidos, eutrofización, laguna, mapas,
Fuente de Piedra, España.
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INTRODUCTION

A great number of ecological, social and even economic
reports on the conservation of wetlands have been presented
in the last century (Turner & al., 2000). In spite of the pro-
grams to conserve wetlands, these ecosystems continue to be
degraded to different extents (Fraser & Keddy, 2005). In
Europe, during the last few years several studies have fo-
cussed on developing indices or indicators for assessing lake
water quality based on composition and abundance of

macrophytes (Moe & al., 2008; Penning & al., 2008b; McE-
larney & Rippey, 2009). However, the use of quantitative
measurements including replicates is less common (McElar-
ney & Rippey, 2009; Søndergaard & al., 2010). In parallel,
other studies have focussed on carrying out intercalibration
processes between different sampling protocols and the
used indexes (Foden, 2007). Less attention, however,  has
been paid to the selection of appropriate sampling sites for
monitoring system in order to control the spatial system
variability.
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MATERIALS AND METHODS
Sampling sites

The lake surface was divided by a regular grid of 60 sam-
pling point situated every 500 m (Fig. 1) by means of 1:5000
scaled geo-referenced photograph, using Arcview 3.1 soft-
ware. According to the Natural Reserve Direction, sam-
pling in the SW zone of the lake was forbidden in order to
avoid disturbance in a reproductive colony of pink flamin-
gos (Phoenicopterus ruber roseus). A Differential Global
Positioning System (DGPS) composed of a receiving de-
vice TRIMBLE AgGPS 132 and a navigation system HY-
PACK Coastal Oceanographic was used to position sam-
pling sites in situ.

Field data collection
The field surveys were conducted between 8th June and

15th, 1998, coinciding with the maximum macrophyte
biomass in the lake (Conde-Álvarez, 2001). The minimum
sampling area was established the previous week in a zone
of the lake with presence of all macrophytes. As a result of
this study, a surface of 0.1764 m2 (0.42 × 0.42 m) was chosen
as an adequate sampling area, 3 samples of squares assured
a coefficient of variation <40 %. At each sampling point, all
macrophytes (including the roots) growing within 3 repli-
cates 0.42 × 0.42 m quadrants were collected. Samples were
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While most of these studies have been focussed in fresh-
water lakes (Moe & al., 2008; Penning & al., 2008a; McE-
larney & Rippey, 2009), less attention has been paid to
freshwater brackish and saline wetlands that are seasonally
or intermittently flooded, in spite of the lack in available in-
formation about these systems (Ramsar, 2007). In the case
of inland wetland from the Iberian Peninsula record of
macrophytes species has been used to assess the botany val-
ue of wetland (Cirujano & al., 1992). This study only took
into account regional or local scales, but more accurate
studies using spatial fine scales and adequate sampling pro-
tocols considering the potentially relevant range of space
(Pérez-Ruzafa & al., 2007) are necessary to test the existence
of general patterns in the system (Anderson & al., 2005). The
use of fine scale mapping of wetlands is useful for analysing
variability within individual wetlands and assessing the
source of variability (Feldmann & Nõges, 2007). This factor
is relevant for a suitable management, conservation or
restoration of these areas (Baker & al., 2006). Aquatic
macrophyte distribution has been related to many different
environmental factors (Pokorný & Kevět, 2004). Neverthe-
less, nowadays it is commonly accepted that nutrient enrich-
ment is one of the factors which have more influence on
aquatic macrophytes (Van den Berg & al., 1999). 

Fuente de Piedra lake is a shallow temporally athalasso-
haline lake situated in Southern Spain (37º06’ N, 04º45’ W)
covering 13.5 km2 of land surface. This wetland is declared
a protected site (Natural reserve). The main water input to
the basin lake is by ground-water inflow, although it is also
fed by two streams (Santillán & Charcón; Fig. 1) and by sur-
face runoff through the farmland which is around the lake.
Discharges of nutrient-rich waters in the north-eastern part
of the lagoon took place by Charcón stream in the past.
Olive mill wastewater (OMW) generated by the olive oil ex-
traction and untreated waste water were discharged to this
stream, introducing high levels of nutrient in the lake (Var-
gas & al., 1983). Although, this problem was solved with
the prohibition and control of OMW discharges and puri-
fying wastewater from nearby towns, this stream continued
flowing into the lagoon waters rich in nutrients (García-
Jiménez, 1991; Conde-Álvarez, 2001).

Several studies have recorded the submerged species
growing in the lake as well as general descriptions of the
different components of this aquatic system but they were
carried out only in a sharply demarcated area of the lake
(García-Jiménez, 1991). Moreover, no previous attention
had been paid to the diaspore bank which plays an impor-
tant ecological role as constitutes the initial stage after the
summer drought. 

Our aims were: (1) to characterize the spatial distribution
as a function of depth (light availability), nutrient content in
the water column and in sediment interface, and sediment
granulometry. (2) To assess the relationship between macro-
phyte biomass and diaspore bank distribution. (3) To high-
light the factors to be taken into account in order to facilitate
the selection of sampling points for an adequate monitoring
programme.

Fig. 1. Sampling points distribution in the shallow saline lake Fuente de
Piedra.
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terpret the ordination Legendre & Legendre (1998). Thus,
Principal Component Analysis (PCA) was used to deter-
mine the major patterns of variation within the species
biomass data. Then Environmental variables were used to
interpret biomass distribution patterns of all species. Du-
tilleul’s modified t-test for correlations were also used to as-
sess the relationship between the species data and the envi-
ronmental variables by using PASSAGE software (Rosen-
berg & Anderson, 2011). All Multivariate analyses were
carried out in accordance with Sokal & Rohlf (1995) and
Legendre & Legendre (1998) using the computer programs
CANOCO 4.0 and SPSS 12.

RESULTS
Spatial variations of biomass

Seven different species, belonging to different taxonom-
ic groups were found in the lake. Except for the green algae
Ulva flexuosa Wulfen, records of the remaining species had
been reported previously in the lake. Ulva flexuosa was the
species with the highest values of biomass, exceeding 120 g
DW m-2 in the northwest part of the lake (Fig. 2a), with a
peak of 189 ± 18 g DW m-2 near the mouth of the Charcón
stream. In contrast, the alga was not present in the south-
west of the lake. Another widely distributed species in the
lagoon is the angiosperm Althenia orientalis (Tzvelev) Gar-
cía Murillo & Talavera (Fig. 2b). This species was present
throughout the lake, with the exception of a zone situated
in the Northwest, where U. flexuosa biomass values were
higher than 150 g DW m-2.The maximum values of A. orien-
talis biomass (85 ± 24 g DW m-2 at sampling point 27) were
obtained in the central part of lake. On the other hand,
biomass values lower than 1 g DW m-2 were obtained in the
south zone. In the case of Ruppia drepanensis Tineo ex
Guss. a dense bed of plants was found both on the south-
west side (among islands) and the southeast shore (Fig. 2c),
with values of plant biomass around 40-50 DW m-2 in both
zones. In the rest of the lake this species was absent or pre-
sent as scattered plant patches. Ruppia maritima L. was
found in shore areas both in the north (sampling point 1:
3.3 ± 2.9 g DW m-2) and the southwest points (e.g. sampling
point 40: 40 ± 18 g DW m-2). 

The charophyte Lamprothamnium papulosum (Wallr.) J.
Groves showed a more localized distribution (Fig. 2d). This
species formed a dense monospecific bed, with high
biomass values (e.g. sample point 46: 119 ± 36 g DW m-2) in
the central part of the south side of the lake. This charo-
phyte was also present together with A. orientalis and R.
drepanensis in other areas of the lake. In addition, some de-
teriorated individuals of Chara and a few specimens of the
aquatic liverwort Riella helicophylla (Bory & Mont.) Mont.
were found at the sampling points (38, 43) and (57, 59), re-
spectively.

Spatial variations of environmental variables
The deepest areas were located around the mayor axis of

the central part of the lake, with a maximal depth of 111 cm
measured in the sampling point 43 (Fig. 3a). Maximal land
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cleaned of epiphytes and sediments, identified to species,
dried (70 ºC for 48 h) and weighed at the end of every day.

Water samples for nutrient analysis were collected by
submersing 150 ml-bottles; the water was filtered through
Whatman GF/C (1.2 µm) fibre filter and kept at –20 ± 1 ºC
until the analysis. Sediment samples for interstitial water
nutrient analyses were taken in triplicate, using 5 cm-diam-
eter cores, which were inserted 5 cm into the sediment.
These cores were covered at both ends and frozen until
their processing. Sediment samples for particle size analysis
were taken using different 10 cm-diameter cores, which
were inserted 5 cm into the sediment. These samples were
dried and stored until processing. A hand refractometer de-
vice (Atago, Japan) was used for salinity determination.
Depth of the water column was also measured.

In addition, 8 sampling points (Fig. 1) were used to study
the relationships between macrophyte biomass and dias-
pore bank (seeds and oogonies). These sampling points
were selected after analysing the macrophyte biomass dis-
tribution. Samples were collected in September 1998 once
the macrophytes had disappeared and the seeds were in the
sediment. The diaspore bank at each sampling point was
characterized by collecting 5 replicated 10 cm-diameter
cores, which were inserted 5 cm into the sediment. The sed-
iment content in each core was elutriated with a jet of water
through sieves of 2, 1, 0.5, 0.25 and 0.1 mm of aperture
mesh. These 3 fractions were inspected under an optical
microscope. All seeds in the residue were counted, while in
the case of oogonies subsamples of the residue were taken
by use of riffle splitter, which is commonly employed to im-
prove sub-sampling precision in studies of foraminifera and
other small fossils.

Analytical methods
Nutrient analyses were carried out with a Technicon

Traacs 800TM Autoanalyzer (Technicon Instruments Cor-
poration, USA). Nitrate and nitrite analyses were per-
formed according to the Industrial Method N° 818-87T
based on Shinn (1945) and Wood & al. (1967), respective-
ly. Ammonium ion was analysed using the Industrial
Method N° 786-86T (Slawyk & MacIsaac, 1972). Soluble
reactive phosphorus (SRP) was determined using the mala-
chite green method (Fernández & al., 1985). Granulomet-
ric data were obtained through sieving to separate sands
and pipette analysis (Porta, 1986) to separate silts and clays.
Grain size categories were 2000-50 sands, 65-2 µm silt and
< 2 µm clay.

Data analyses
Isoline mapping of different variables were obtained by

using interpolation methods based on natural neighbour al-
gorithms. For this purpose, Spatial Analyst (an extended
module of ARCGIS 8.3) was used.

The relationships between species biomass data and en-
vironmental variables were assessed by the use of canonical
analysis method based in indirect gradient analysis. In this
multivariate proceeding ordination derived solely from
species data, while environmental data are then used to in-
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µM) than in the northern side (0.2-1.6 µM) (Fig. 4c). In the
case of interstitial water ammonium concentration and in-
creasing northeast–southwest gradient was detected, with
maximum concentration near the mouth of the stream pre-
sent in the northeast side (760 ± 28 µM) (Fig. 4d). In con-
trast, the lowest concentration values were detected at the
sampling point 23 (49 ± 8 µM) located in the south side of
the lake. Moreover, concentrations higher than 300 µM
were also detected in the sediment situated among the is-
lands in the south side.

Nitrite concentrations were low in all stations, in both
water column and interstitial water, with values around 0.2
µM and 0.2-2 µM for the water column and interstitial wa-
ter, respectively.

Water nitrate concentration was lower than the sensitiv-
ity level of the method used. Nitrate concentration of inter-
stitial water cannot be determined because a quick deterio-
ration of the reductive column was caused.

Relationship between the distribution of biomass 
and environmental variables

The PCA showed that the first component axis account-
ed for 70% of the total variance of aquatic biomass data,
while the sum of the two first component eigenvalues ac-
counted for 90% of the total variance. On the other hand,
the value of species-environment correlations obtained for
the first component axis was 0.679. This value works simi-
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slopes were situated in the east and west while the slightest
slope was situated in the northern side. In any case, the
whole lake basin is mostly flat.

The clay size particles represented less than 5% (Fig.
3b), while the silt was the predominant particle size (<90
%) in most parts of the lake (Fig. 3c). Nevertheless, some
areas of the lake showed a high content of sand. This is the
case of the northern side, near mouths of streams, where
sand content was higher than 12%, with a maximum con-
tent of sand (75 %) in the sampling point 19 (Fig. 3d).
Moreover, in the southern part a strip with about 12% of
sand content was also located.

The water concentration of SRP showed values lower
than 0.25 µM in most of the lake surface (Fig. 4a). Al-
though, a higher concentration was measured for water of
the Northeastern side near the  mouth of the stream, and es-
pecially in the case of the water located among the islands
situated in the northwest side (e.g. 0.8 ± 0.01 µM PO4

3- ob-
tained at sampling point 36). The interstitial water concen-
tration of SRP showed values higher than those of the water
column. In this case a decreased concentration gradient in
the northeast-south direction was observed (Fig. 4b), with
the maximum values near mouths of streams present in the
northeast side (52 ± 0.01 µM PO4

3- at the sampling point 9).
In contrast, values lower than 1 µM PO4

3- were measured for
interstitial water of the southern side. Water ammonium
content was higher in the southern part of the lake (1.4 - 2.7

Fig. 2. Biomass distribution of Ulva flexuosa (a), Althenia orientalis (b),
Ruppia drepanensis (c) and Lamprothamnium papulosum (d) in Fuente
de Piedra lake.

Fig. 3. Distribution of water depth (a), and sediment content of: clay (b),
silt (c) and sand (d) in the Fuente de Piedra lake.



Anales del Jardín Botánico de Madrid 69(1): 119-127, enero-junio 2012. ISSN: 0211-1322. doi: 10.3989/ajbm. 2305

123Submerged macrophyte distribution in the saline lake Fuente de Piedra

larly to the correlation coefficient between any two vari-
ables (Legendre & Legendre, 1998), so correlations be-
tween the first component axis for species data and some
environmental variables have been shown.

A high load value (0.99; Table 1) was obtained for the U.
flexuosa biomass data and first component axis, indicating
a high importance of this species for the formation of that
axis. In the same way, the second component axis seems to
relate to L. papulosum and A. orientalis (load values of 0.71
and 0.4, respectively; Table 2). A distance biplot diagram
with the sampling point plotted in a reduced-space of the
first two component axes is shown in Fig. 5. Moreover, the
projection of all species and environmental vectors corre-
lated with these two component axes are also shown. This is
the case of ammonium and SRP values of the sediment in-
terstitial water, which were correlated with the first compo-
nent axis (correlation coefficient values of 0.49 and 0.54 re-
spectively; P < 0.05). 

The projection of the point ordination in the reduced-
space of the first two axes was used to select a group of the
sampling points, which appeared to be differently grouped
from the rest of sampling points. In this way, sampling
points highly influenced by the first component axis are
plotted with diagram square symbols in the distance biplot.
These sampling points showed high concentration of am-
monium and SRP in the interstitial sediment water and
showed the highest values of U. flexuosa biomass. In con-
trast, the sampling points scarcely influenced by the first
component axis are plotted with asterisk symbols. This sec-
ond group presented the lowest concentration of both al-
ready mentioned nutrients in the interstitial water sediment
and the highest values of L. papulosum biomass. The rest of
the sampling points are arranged following a gradient relat-
ed to U. flexuosa biomass. Nevertheless, some sampling
points with a low presence of the U. flexuosa could be dif-
ferentiated from others by a lower U. flexuosa biomass and
the highest values of A. orientalis (point symbols) or R.
drepanensis (triangle symbols) biomass.

In order to obtain additional information for the inter-
pretation of the axes, especially in the case of the second
one, a Dutilleul’s modified t-test was carried out. The
biomass distribution of U. flexuosa and A. orientalis were
negatively correlated (R= - 0.337; P< 0.05). On the other
hand, U. flexuosa was positively correlated with the con-
centration of ammonium (0.590 P< 0.05) and SRP (R=
0.541, P< 0.05) in the sediment water interstitial while 

Fig. 4. Distribution of water concentration of soluble reactive phospho-
rus (SRP) (a), interstitial water concentration of SRP (b), water ammoni-
um concentration (c) and interstitial water ammonium concentration (d)
in the Fuente de Piedra lake.

Fig. 5. Samples – species biomass PCA biplot. Environmental variables
were used to interpret patterns extracted from all species biomass vari-
ation (indirect gradient analysis).

Table 1. Eigenvalues and species-environment correlation for the first
two principal component axes.

Axes
I II

Eigenvalues 0.704 0.191
Species-environment correlations 0.680 0.448

Table 2. Factor loadings of the different species for the first two princi-
pal component axes.

Axes
I II

Ulva flexuosa 0.99 0.01
Lamprothamnium papulosum 0.24 0.71
Althenia orientalis 0.11 0.40
Ruppia drepanensis 0.04 0.06
Ruppia maritima 0.03 0.02
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L. papulosum was negatively correlated with the concentra-
tion of SRP (R=- 0.320; P< 0.05) in the water, and positive
correlated to the depth (R= 387; P<0.001). The biomass of
A. orientalis was also positive correlated to the depth
(R=0.315; P< 0.05). 

Regarding the relationship between environmental vari-
ables, the different nutrient concentrations in the water col-
umn were positively correlated with those in the interstitial
sediment water, except for the ammonium, which had no
correlation. Moreover, the water ammonium and intersti-
tial nitrate contents were not correlated to the rest of the
analysed nutrients in both the water and the sediment,
while the rest of the studied nutrients showed some corre-
lation.

Relationship between biomass and diaspore bank
Seeds and oogonies density tended to increase with in-

creasing biomass of the overlying submerged macrophyte,
as reflected by the significant lineal regression found be-
tween the density of seed and the biomass of growing
macrophytes (Fig. 6). Thus, the ratio diaspore/biomass can
be estimated by using a regression analysis. The highest ra-
tio corresponded to L. papulosum with estimated values of
5532 ± 803 oogonies g-1 biomass DW (R2=0.888; P< 0.001;
n= 8), while A. orientalis showed ratios of 537 ± 110 seeds
g-1 biomass DW (R2=0.800; P< 0.05; n= 8). The lowest ratio
corresponded to R. drepanensis, with values of 58 ± 5 seeds
g-1 biomass DW (R2=0.959; P< 0.001; n= 8).

A high presence of characean oogonies were quantified
at all studied points. These oogonies represented 77-100 %
of the total diaspore bank (seeds and oogonies). Neverthe-
less, A. orientalis did not reached 25% at any point, while
the seed of R. drepanensis always represented less than 1 %,
with the exception of the sampling point 50 where the esti-
mated values of seeds represented 5 % in total.

DISCUSSION
Our results indicate a different spatial distribution pat-

tern of the species throughout the lake. There were zones of
the lake where species grew together, but there were also
some zones where a clear predominance of some species
could be observed. Taking into account the predominant
species it is possible to distinguish at least 5 zones in the
lake. (1) In the northeast only the green algae U. flexuosa,
was detected, with values of biomass higher than 150 g DW
m-2. Similar biomass values of these and other green algae
have been reported in a eutrophic estuary in the USA (Kin-
ney & Roman, 1988). Furthermore, the abundance of this
alga has been reported in highly eutrophic sections of Tiber
River basin in Italy (Ceschin & al., 2010). (2) A. orientalis
was the dominant macrophyte around the central area of
the lake, while in the south (3) a monospecific bed of L.
papulosum was observed. (4) R. drepanensis was the domi-
nant macrophyte on the southeast shore and among the is-
lands situated in the southwest of the lake. (5) The rest of
the lake was characterized by a mixture of the different
aquatic macrophytes commented above.

This well-defined distribution together with the high

biomass values of the different submerged plants and
charophytes present in the lake suggest the importance of
this lake for the conservation of the submerged macro-
phytes growing in these habitats.

The multivariate analysis indicated that the first princi-
pal component explained 70 % of the distribution vari-
ability of macrophyte biomass in the lake, while if the two
first axes are taken together the explained variability was
90 %. The formation of the first axis depended on U. fle-
xuosa biomass. The abundance of this species has already
been proposed as valid bio-indicators of the water eu-
trophication grade (Ceschin & al., 2010). In addition, this
axis was positively correlated with interstitial concentra-

Fig. 6. Relationship between oogonies or seeds density and biomass of
Charophytes (a), Althenia orientalis (b) and Ruppia drepanensis (c).



tion of ammonium and SRP. In contrast, the formation of
the second component axis was largely influenced by L.
papulosum. The biomass of this species was positively corre-
lated with the lake depth and negatively correlated with in-
terstitial ammonium and SRP concentration. In this way, low
phosphorus concentration seems to be a necessary condition
for growth of L. papulosum (Martínez-Taberner & Moya,
1991) and other Charophytes (Forsberg, 1964). On the oth-
er hand, the formation of the second axis was also influenced
to a lower extent by A. orientalis. The biomass distribution of
this species showed positive correlation to the lake depth,
and was negatively correlated to interstitial ammonium.

Taking this into account, the first component axis could
be identified as an eutrophic gradient through the lake, in
the northeast-southwest direction. In this way, the most eu-
trophic area would be located in the northeast, near the
mouth of the creek where the highest values of U. flexuosa
biomass were obtained. An accumulation of alga biomass in
this part of the lake due to the wind action could be rejected,
since the most frequent winds took place from South-South-
west to North-Northwest direction (data not shown).

The less eutrophic area would be situated close to the
central part of the south side of the lake, where L. papulo-
sum grew forming a dense monospecific bed.

The origin of the nutrient contamination may be related
to the discharge of nutrient-rich water from a stream in the
north-eastern part of the lagoon (Charcón stream). Al-
though the input of nutrient-rich water was specifically im-
portant before the 90’s (Vargas & al., 1983), after these
years this stream continued flowing into the lagoon waters
rich in nutrients (García-Jiménez, 1991; Conde-Álvarez,
2001).

On the other hand, internal release of phosphorus from
the sediment could have a long-term effect, even after the
external input reduction (Søndergaard & al., 2007). More-
over, sediment disturbance due to trampling and feeding of
water birds, such as flamingos, could also produce a water
turbidity increase and nutrient release from sediment into
the water column (Comín & al., 1994; Glassom & Branch,
1997). The high density of flamingos often present in the
Fuente de Piedra lake could also provoke such impacts in
the sediment. Nevertheless, no data about the effect of
flamingo activity on the sediment and submerged macro-
phytes of this lake are available.

The correlation between the first component axis with
interstitial ammonium and SRP, and the absence of correla-
tion to nutrient water concentration could be due to the up-
take of water nutrients by primary producers, especially U.
flexuosa. Conde-Álvarez (2001) reported a negative corre-
lation between biomass of these algae and the water con-
centration of NO

3
, PO

4

3+, and especially of NH4+, through-
out the time.

Disappearance of macrophytes in shallow water systems,
both coastal and inland, has been linked to nutrient enrich-
ment, due to human activity (Moss, 1990). Change from a
state dominated by submerged macrophytes to turbid states
dominated by phytoplankton has been described in shallow
lakes affected by increasing nutrient loading (Bayley &
Prather, 2003). In turbid states, phytoplankton produces a

Submerged macrophyte distribution in the saline lake Fuente de Piedra

shadow effect which would reduce the light availability for
submerged macrophytes (Carter & Rybicki, 1990; Santa-
maría & al., 1996). In the case of Fuente de Piedra lake this
shadow effect, related to eutrophication phenomena, would
be mostly due to the growth of the filamentous algae U.
flexuosa. A similar phenomenon has been reported in a shal-
low alkaline mill-pool which had about 60 % of its surface
covered by filamentous algae in forms of floating or benthic
mats (Irfanullah & Moss, 2004).

In addition, nutrient enrichment could directly affect
physiology growth and reproduction of aquatic macro-
phytes. Santamaría & al. (1994) showed that high levels of
interstitial ammonia inhibited growth of R. drepanensis
growing under laboratory conditions. Similar results have
been described for Chara connivens when the concentra-
tion of ammonia exceeded 10 mg NH

4

+ l-1. It is noteworthy
that this concentration is lower than that measured in some
areas of Fuente de Piedra lake. On the other hand, Santa-
maría & al. (1996) suggested that the beginning of flower-
ing could be related to a decrease of nitrogen availability.
Nitrogen enrichment could delay the flowering, which
could lead to the species were unable to complete their re-
production before the lake dries out. In the same way, a
seed germination inhibition due to high ammonia concen-
tration has also been suggested (Perrow & al., 1994).

Beyond eutrophication factor, the second principal com-
ponent axis could be related to depth gradient, although its
meaning is quite more complex of understanding than the
first axis. In relation to depth, water residence time and
therefore salinity, during both the early stages of filling and
the length of the final phase of drying would be related. Al-
though higher sand content was obtained where L. papulo-
sum formed a dense meadow, no correlation was found be-
tween its biomass distribution and any sediment size frac-
tion. In contrast, A. orientalis biomass was negatively corre-
lated to the sand content. Influence of sediment on plant
establishment has already been reported (Selig & al., 2007).
This could be related to the influence of texture and poro-
sity in the roots, with regard to the subjection of plants
(Schutten & al., 2005) and nutrient uptake (Wijck & al.,
1994).

Positive correlations between seeds or oogonies and
biomass for the different species were found. Similar results
have been reported for angiosperms (Grillas & al., 1993)
and characeae (Acosta & al., 1999). This positive correla-
tion could indicate a positive feed-back of submerged
macrophyte population itself (Santamaría & Vierssen,
1995). In this way, dense macrophyte beds will produce a
dense diaspore bank and this will determine abundant ger-
mination when ideal hydrological conditions take place, es-
tablishing a new dense macrophyte bed. 

The composition and structure of the submerged aqua-
tic macrophyte report in this study corresponds to the state
of the lake in a wet year. This composition and structure
will change in years with a lower amount of precipitations.
Nevertheless, both composition and structure would al-
ways be conditioned by the composition of the diaspore
bank, which are, in turns, deeply related to the high pro-
duction of seed during wet years.
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The eutrophication gradient described for this lake
could be breaking the above-mentioned positive feedback
of submerged macrophytes, as they cannot complete their
life cycle. Persistence of eutrophication conditions could
lead to a progressive depletion of diaspore bank with nega-
tive consequences for the submerged macrophyte commu-
nities and other components of this peculiar system. Never-
theless, studies based on a larger temporal scale are neces-
sary in order to estimate the system behaviour during years
of lower water content and evaluate the consequences of
the eutrophication from a temporal perspective. 

The results reported in this study stress the importance
of our knowledge of the system spatial variability as the ba-
sis for the selection of appropriate sampling sites for moni-
toring this kind of system. Thus, any monitoring program
of this lake should to take into account at least the 5 zones
mentioned above, as well as, the eutrophic gradient in the
northeast-southwest direction.
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