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Long-term periodicity of Planktothrix agardhii,
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hypertrophic lagoon, the Albufera of Valencia (Spain)
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Abstract

A long-term phytoplankton study was carried out in a shallow hypertrophic la-
goon, the Albufera of Valencia (Spain), between 1980 and 1988. The lake serves as a re-
servoir for surrounding rice cultivation, with two seasonal periods of water retention to
keep ricefields flooded. Three persistent species, Planktothrix agardhii, Psendanabaena
galeata and Geitlerinema sp. maintained dominance throughout. Light intensity, N:P
ratio and water residence times seem to be the environmental variables governing the
population dynamics of these species. P. agardhii was dominant during spring, reaching
its maximum numbers under high nutrient concentrations and increasing light inten-
sity, temperature and water stagnation. The periodicity progressed towards Geitler:-
nema sp. dominance in summer, with low water renewal rates and phosphate depletion,
and then to Ps. galeata in November—December during the second period of water
stability. The cyanophyta succession pattern apparently differs from that observed in
other European shallow eutrophic lakes.

Introduction

Long-term phytoplankton studies on shallow hypertrophic lakes and on
the ecology of the filamentous blue-green algae which usually dominate them
are few (Gmson & Frrzsmons 1982; LooemaN & Van Liere 1986; Moep &
HooGveLd 1982; BErGER 1987; Krapwrk 1988). In these nutrient rich systems,
severe restriction of light has often been shown to select in favour of fil-
amentous blue-green algae (REYNOLDs & WaLsBY 1975; MUR et al. 1977; ZEVEN-
BooM & Mur 1980; Van Liere & Mur 1980; ReynoLps 1984). Several labo-
ratory and field studies (Gisson & FrrzsiMoNs 1982; BERGER 1984; BERGER &
Swerrs 1988; NickriscH & Konr 1989; NickLiscH et al. 1991) have been made
to ascertain the factors controlling the growth performance of Planktothrix
agardhii (Gom.) ANacN. Kom. and other more slender cyanophytes such as
Limnothrix redekei (VAN Goor) MerrerT. The sequence of dominance may de-
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pend on various factors such as the different trichome diameter, which is a de-
terminant of reproduction rates (Foy 1980); light-dark photoperiods (Foy et al.
1976; NickLscH et al. 1981); nutrient requirements (ZEVENBOOM 1980; WERr-
NICKE & NickLiscH 1986) and temperature (JoNgs 1977; MerrerT 1989). The in-
fluence of the zooplankton on these filamentous blue-green algae has been con-
sidered to be negligible (LycuE 1984; Davipowicz et al. 1988).

Only two studies of Spanish shallow hypertrophic ecosystems have been
reported (Rojo 1990; Lopez et al. 1991), even though such lakes constitute al-
most 40% of the total number of water bodies in the country (Arvarez-Co-
BELAS et al. 1991). Despite the fact that the Albufera of Valencia is the largest
Spanish oligohaline coastal lake, few studies concerning its phytoplankton
have been published (Parpo 1942; BLanco 1974; Garcia et al. 1984). Since the
first descriptions, the phytoplankton has been altered markedly from a meso-
trophic to a hypertrophic character (Romo 1991), as a consequence of the in-
creasing pollution (Darauce 1975; Soria et al. 1987).

The present paper describes the long-term population dynamics and ecology
of the three main filamentous blue-green algae species in the Albufera of Valencia,
from 1980 to 1988.

Material and methods
Study area

The Albufera of Valencia is a shallow hypertrophic lagoon, located in the
Natural Park of the Albufera and Devesa, near the city of Valencia (39°20'N,

Table 1. Morphometric features and basic data of the Albufera of Valencia Lake. Mete-
orological data correspond to the period 1980—88.

Mean area 21 km?
Maximum area 24 km?
Minimum area 19 km?
Length 7 km
Breadth 6 km
Perimeter 29 km
Mean depth 1m
Maximum depth 2 m*
Mean volume 22 Hm®
Maximum volume 41 Hm®
Minimum volume 17 Hm?
Ricefields area 160 km?
Annual water renewal rate 10y~ !
Mean annual precipitation 435 mm
Mean annual evaporation 901 mm
Air temperature 6-30°C
Mean wind velocity 6 km/h
Daily average sunshine 7h
Mean solar radiation 353 cal cm~2d!

* up to 3 m in some dredging points.
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Fig.1. Map of the Albufera of Valencia showing location, sampling sites and outlet
channels.

0°20'W). It is an exposed polymictic lake. Its main morphometric features are shown
in Table1.

Originally, the lagoon was an extensive gulf which later became separated from the
Mediterranean Sea by a sand bar (RoserLo 1972). This sand bar is nowadays crossed by
three channels, connecting the lagoon to the sea. The southernmost of them, crosses an
extensive zone of ricefields before flowing into the sea. Water level of the lagoon is re-
gulated by sluice gates situated at the channels (Fig. 1).

Since the last century, the lagoon has functioned as a reservoir for the demands of
the surrounding rice cultivation. The hydrological cycle of the lake can be briefly de-
scribed as follows (Fig. 2): from April to September the sluices are almost closed to allow
a slow flow during rice cultivation in the flooded ricefields. From September to
October, the floodgates are opened to empty the fields for rice ripening and harvest.
Then, in November, the sluices are closed again and the level of the lagoon is raised to
flood the paddy fields for winter protection and organic matter degradation. From
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Fig.2. General annual pattern of water-level fluctuations in the lake of the Albufera of
Valencia, mainly influenced by rice cultivation in the surrounding area. Vertical axis
values correspond to water-level differences respect the lake average depth.

Table 2. Limnological features of the Albufera of Valencia Lake.

Units

Average Range
pH 8.7 8§ - 10 52
Temperature 19 6 - 31 °C
Dissolved oxygen 12 5 - 17 mg/1
Conductivity 1780 770 —3300 uS/cm
Chloride 9:5 45 - 194 meq/1
Alkalinity 2.5 1.0 - 47 meq/1
Secchi disk 0.21 0.11- 0.40 m
Dissolved inorganic nitrogen 112 0.8 — 402 uM
Soluble reactive phosphorus 3.12 0.01—- 24 M
Soluble reactive silicon 101 0.05- 270 M
Chlorophyll a 300 80 - 830 mg/m®
Phytoplankton productivity 0.3 04 - 1.8 gCm™2h!

January to March, the sluice gates are opened again and the fields are drained for tilling
and sowing. This latter is completed by the end of April or early May, being preceeded
by land fertilization. During the periods of low water level (Jan—Mar and Sep—Oct)
water renewal is high, producing an outflow and decrease of the total phytoplankton
abundance (Romo 1991). The cycle may be varied by opening of the sluices for weeding
in early summer, heavy rainfall (frequently in autumn) or occasional maintenance to
clear outlet channels blocked by the accumulation of sediments (mainly in summer).
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Physico-chemical characteristics of the lake between 1980 and 1985 are described in
SERRA et al. (1984); MiRacLE et al. (1987) and Soria et al. (1987). Data collected since 1986
have yet to be published. Nutrient inputs and balance for 1988 are described in Vicente
et al. (1990). These limnological investigations have confirmed the oligohaline hyper-
trophic nature of the lake (Table 2). The ratio N: P in the lake varied according to the
algal growth and water renewal, linked by rice cultivation and lake fertilization. It in-
creased from June to October during rice growth and harvest, and decreased from then
to May after rice cultivation. According to RepriELD (1958) and Forsser et al. (1978),
phosphate might be considered to be one of the possible factors limiting phytoplankton
growth in the lagoon, because mean seasonal nutrient values exceeded N : P > 30. Taxo-
nomy and physiology of the main cyanophyta species and phytoplankton composition
are described in Romo (1991) and Romo et al. (in press). Zooplankton species composi-
tion and ecology are described in Arronso & Miracre (1990) and Ortra 8 MIRACLE
(1992).

Methods

One hundred and fourteen sample collections were performed between July 1980
and January 1989. No samples were taken in 1984. In 1980-81, only one sampling point
was adopted (station M), situated on the eastern part of the lake (Fig. 1). From 1982 to
1989, the lake was sampled at three sites: in the north-east corner (station 1), in the cen-
tre (station 2) and in the south-east (station 3) (Fig. 1). These three sampling sites ex-
perience different water retention times and nutrient loadings. The northern zone re-
ceives industrial and urban sewage water, with high concentrations of phosphate and
ammonia, while the lake inlets from the south catchment areas mainly receive agri-
cultural water, enriched with high concentrations of nitrogen (Soria et al. 1987). The
northern and southern points, due to their location near the main inflows and the lake
outlet channels, have higher theoretical water renewal rates (approx. 20 and 35 times/
year) than the central point (approx. 7 times/year). Because differences in phytoplank-
ton composition between sites were found to be rather small (Romo 1991), only the
average value of the three sampling points will be further considered in the analyses of
the samples taken between 1982 and 1989.

Phytoplankton samples were taken each season between 1980 and 1983, and
monthly from then onwards. They were collected by filling bottles 30cm below the
water surface. The number of trichomes were counted by the iodine-sedimentation
method (UterM6HL 1958), using an Olympus inverted microscope. A sample volume
between 1 and 3 ml was normally used. At least 1000 individuals of the most abundant
species and 100 fields were counted. The estimated counting error was less than 6 %
(Lunp et al. 1958). The length and width of 50—100 trichomes of every species were
measured for each sample under 1000x magnifications, the measuring precision being
0.8 um. The biomass of the phytoplankton was calculated multiplying the number of in-
dividuals by the volume of the algae estimated according to RoTT (1981).

Simultaneously with the sample collection, temperature, oxygen and conductivity
were measured in situ using a YSI salinometer and an oxymeter. Samples were also
taken to determine pH and redox in situ and some chemical analyses according to the
methods described by GorterMaN et al. (1978) and StrickLanD & Parsons (1978). Ir-
radiance profiles were determined with a quantometer (Crump. Sci. Ins. mod. 550) dur-
ing 1982 and 1983, and a Secchi-disk extinction depth was measured on every sampling
occasion. Data were used to calculate the vertical attenuation coefficient (Werzer & Lix-
ENs 1979) and the underwater light climate as defined by Riey (1957). The ratio
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Fig. 3. Relative abundance (ind/ml) and fresh weight (mg/1) of the three main blue-green
algae species (Planktothrix agardhbii, Ps. galeata and Geitlerinema sp.), other cyanophytes
and other algae belonging to several taxonomic group, in the Albufera of Valencia be-
cween 1980 and 1988. Data correspond to the average values from three sampling sites.
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euphotic to mixed zone (Zeu:Zm) was calculated assuming the euphotic depth to be
1% of subsurface irradiance (ReyNorps 1984) and the mixed zone to be the mean depth
of the lake on the sampling dates.

Statistical tests were made according to SoxaL & RoHrF (1979) using the SPSS pack-
age (NIE et al. 1984). A correlation analysis of the species abundance against some en-
vironmental variables (temperature, alkalinity, underwater light climate, nitrate, am-
monia, total dissolved nitrogen, dissolved phosphate and the N : P ratio) was performed.
The abiotic variables with high correlation coefficients were then entered in a stepwise
multiple linear regression analysis. Data were normalized where necessary by means of a
logarithmic transformation.

Results

The phytoplankton in the Albufera of Valencia between 1980 and 1988
was continuously dominated by three filamentous blue-green algae, Plank-
tothrix agardbii (Gom.) ANAGN. Kom., Pseudanabaena galeata BSCHER and Geit-
lerinema sp. (Fig. 3). These three species were each present in more than 75%

Table 3. Abundance and biomass percentages of Planktothrix agardbii (1), Geitlerinema
sp. (2) and Pseudanabaena galeata (3) in the phytoplankton of the Albufera of Valencia
between 1980 and 1988.

Abundance 1980-81 1982-83 1985 1986 1987 1988
(%) MEEQ@EO0E0EE 00006
January - - = = = = = = =57 0 20 48 1 27 12 1 38
February - - - - - -3 9 7 - - =6 0 9 - - -
March - - - 2 077 - - - = - = - = =27 0 3
April - - - - - - 14 63 065 0O 8 84 0 6 27 0 =2
May 30 0 53 12 59 8 - - — 75 0 12 69 0 22 66 O 5
June - - - — - - 657 924 156 - - - = = -
July 70* 20 3 3 62 2 4 51 1 22 49 6 8 40 9 28 5 42
August - - - - - - - - - 123 7 1 4 1 - - -
September - — - 0 54 4 40 15 10 12 21 3 - - - 1 39 =
October = e o= = e = - = o— 9 51 6 1 6 1 1 30 2
November 0 58 0 43 43 - — — 24 47 2 9 10 54 1 6 44
December - - - - - - 57 26 0 38 38 13 - - - 1 073
Biomass (%)

January - - - - - - - - - 8 0 46 0 281 0 12
February - - - - - -8 1 2 - - -71 0 1 - - -
March - - - 10 041 - - - - - - - - =179 0 O0
April - - - - - -—-5717 091 0 3 9 0 08 0 1
May 83 0O 8 60 18 4 - - - 65 0 1 98 0 1 9 0 1
June - — = — —- =~ 43 28 451 0 9 - - - - - =
July 94* 2 0 12 48 2 29 26 1 35 3 1 58 15 5 67 19
August - - - - - - - - - 40 9 2 24 6 2 - - -
September - - - 0 44 4 8 2 1 48 8 1 - - - 7 27 2
October - - - - - - - - - 4 14 3 4 5 7 28 7
November 0 6 1 2 33 33 - - — 55 7 1 58 3 24 6 2 24
December - - - - - -9 3 060 3 2 - - - 7 0 30

* Data for July 1980. For July 1981: abundance (1) = 1%, (2) = 829
10%, (2) = 42%, (3) = 2%.

X

b, (3) = 3%; biomass (1) =
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of the samples from the lake. Geitlerinema sp. achieved the highest mean
abundance (7 x 10*ind/ml) over the whole period between 1982 and 1988, while
P. agardhbiiand Ps. galeata each averaged approximately halfthis value (4 x 10* ind/
ml). However, the relatively larger Planktothrix agardbii represented 68 % of
the total phytoplankton biomass for the complete period 1982-88.

Annual and seasonal periodicity

P. agardhbii was the dominant species in the phytoplankton of the Albufera
between January and May (amounting to 50-80% of total phytoplankton

Seasonal Pattern of Main Species
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Fig. 4. Eight year monthly mean standing crops (trichomes/ml) and fresh weight (mg/1)
of Planktothrix agardhbii, Pseudanabaena galeata and Geitlerinema sp.
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abundance during these months), while Geitlerinema sp. and Ps. galeata were
dominant in the phytoplankton (40-70%) during summer and autumn
(Table3). However, expressed as biomass, P. agardbii was the predominant
alga during almost the entire study period (Fig. 4).

Maximal populations of P. agardhii were attained during April or May
(Fig. 5), coincidental with the onset of water level stabilisation after the closing
of the sluices (Fig. 2). Nutrient concentrations were high, owing to the ferti-
lization of the ricefields. In 1986 and 1987, P. agardhii peaks reached between
2.6—3 x 10°ind/ml and 460740 mg/1 of fresh weight. In 1988, its annual pop-
ulation maximum in May was lower (0.6 x 10°ind/ml and 150 mg/1), as a con-
sequence of the algal loss when the floodgates were opened in April due to high
rainfall. In 1986—1988, P. agardbii standing crops amounted to 65-80% of
total abundance and 90—99% of total phytoplankton biomass. After the an-
nual peaks, the population decreased ten-fold during summer and autumn,
when it represented generally less than 25 % of the total algal abundance but up
to 60 % of the total biomass (Table 3).

P. agardhii crops seems dependent on the population loss produced in the
early period of high water renewal rates (January —March) and on the density
levels attained in the previous months. Thus, for example, the high P. agardhii
numbers registered during April and May of 1986 and 1987 (Fig. 5), were pre-
ceeded by densities of about 10*ind/ml during November and December.
These were maintained between January and March, with a ten-fold increase in
April or May. In contrast, in the spring of 1988 a smaller autumn inoculum in
the final months of 1987, followed by the phytoplankton flushing out in April,
led to a much smaller spring population maximum of this species that year.

In 1985, the periodicity of P. agardbii was different. It was dominant in the
phytoplankton in September and December, and Geitlerinema sp. was more
abundant in spring (Fig. 5, Table 3). P. agardhii growth in 1985 was sustained
under the special conditions of reduced water renewal in September, which re-
sulted from the restricted flows due to this year dry weather. Furthermore, the
N :P ratio decreased from a mean value of N:P>30 in summer months to
N:P =9 in September.

After the spring growth of P. agardhii the dominance in the algal as-
semblage shifted to Geitlerinema sp. between July and October, and to Ps. ga-
leata mainly during November and December, after rice harvest and closure of
the sluices (Fig. 5).

Maximum populations of Geitlerinema sp. occurred mainly in July be-
tween 1980 and 1988, reaching values of about 1.5-2.5x 10°ind/ml or
11-20mg/1 of fresh weight. It developed under conditions of water hydro-
logical stability (see Fig. 2) and nutrient depletion. Other filamentous cya-
nophyta, such as Planktolyngbya contorta (in August 1986) and Planktolyngbya
subtilis (in August—October 1987), became important in the summer phyto-
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Dynamics of Main Cyanophyta Species
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Fig. 5. Abundance (trichomes/ml) and biomass (mg/l) of the main filamentous blue-

green algae, Pseudanabaena galeata, Planktothrix agardhbii and Geitlerinema sp., in the Al-

bufera of Valencia for 1980—88. Data correspond to the average values from three
sampling sites. Only sampled months are shown.

plankton (Romo & MIRACLE, in press). In 1986, a second population increase of
Geitlerinema sp. was attained in late October, 1986, after the re-establishing of
water stability, reaching similar values to those of July (Fig. 5). In 1987, however,
a second increase of this species was prevented as a consequence of the accumula-
tion of sediments in the outlet channels of the lake which produced a prolonged
lake water retention until October and the maintenance of a P/ subtilis bloom.
From 1980 to 1985, when P. agardhii growth was weaker Ps. galeata
showed some development early in the season. However, from 1986 onwards




Periodicity of Planktothrix 479

it showed its maximum increase after P. agardhii vernal peak (1986) or more
frequently in autumn (1987 and 1988) (Fig. 5). Its maximal populations ranged
between 0.7—3 x 10°ind/ml and 10—44 mg/] of fresh weight. In 1988, the
rainy autumn of the previous year and the bad weather in spring delayed the
sequence with a major presence of Ps. galeata over the year.

Relationships with the environmental parameters

Correlation and stepwise multiple linear analyses were undertaken to re-
veal relationships between the blue-green algae species and the environmental
variables. Temperature, alkalinity and dissolved phosphate and nitrogen differ-
entiated between these species (Table4).

Table 4. Partial correlation between Planktothrix agardhii (PA), Pseudanabaena galeata

(PS) and Geitlerinema sp. (GEIT) populations density and environmental factors. Thin-

ner (Geitlerinema sp. and Ps. galeata populations together). Temp (temperature), Alk (al-

kalinity), Light (underwater light climate), NOX (Nitrate + Nitrite), N (dissolved inor-

ganic nitrogen), P (dissolved inorganic phosphate), N:P (nitrogen-phosphate ratio).
Relationships significant at P <0.05 are underlined.

PA GEIT _ PS Thinner
Temp —028 032  -009  _035
Alk —0.51 017  -042 -0.03
Light ~0.24 0.18 -0.08 0.28
NOX -034 001 ~027 ~0.18
NH, =042 ~0.14 =051 -031
N —0.44 —001  -038 ~0.25
P ~0.05 ~0.32 —0.48 —0.41
N:P —0.48 ~0.06 -0.21 —0.07

Table 5. Values of the physico-chemical parameters during annual maximum popula-
tions of Planktothrix agardhii, Geitlerinema sp. and Pseudanabaena galeata between 1980

and 1988.

Temp Alk pH I N P N:P

(°C) meq/1 (%) M M
A. Average values of the abiotic variables during maximum populations
P. agardhii 21 1.77 93 16 73.01 5.37 14
Geitlerinema sp. 26 2.59 8.99 19 80.33 0.18 450
Ps. galeata 15 1.58 9.17 20 56.39 3.25 17
B. Range of abiotic variables during maximum populations
P. agardhii 18-25 1.0-24 8.6-104 11-21 3.1-162 03 -24 10-1500
Geitlerinema sp.  19-30 1.1-47 83— 9.6 14-22 1.1-228 1-0.35 24-5600
Ps. galeata 13-23 1.0-2.5 84-104 13-25 6.6—151 0.15-12 14-370

Temp (temperature), Alk (Alkalinity), I (underwater light climate, percentage of subsurface inten-
sity), P (dissolved inorganic phosphate), N (dissolved inorganic nitrogen). i = indetectable levels.
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The population dynamics of P. agardhii showed significant negative corre-
lations with alkalinity, dissolved nitrogen and the N : P ratio (Table 4), this lat-
ter being selected in the stepwise regression (r = 0.48, Fi5 =7.67, p<0.05).
Unlike the other cyanophytes, the annual maxima of this alga were attained
typically under the seasonally highest phosphate levels (Table 5). A mean value
of N:P = 14 coincided with the annual peaks of P. agardhii in the Albufera,
i.e. within the optimum range of N:P =7-14 claimed to apply to this cya-
nophyte (Van Liere & Mur 1980; Zevensoom 1980; AHLGREN 1985), but it is
slightly higher than the ratios N : P = 8—11 registered during its maximum de-
velopment in other hypertrophic lakes (e.g. BErger 1975; Rojo 1990).

In contrast to the other two major species of the lake, P. agardhbii de-
veloped under the poorest underwater light intensity (Table 5). Moreover, the
Zs:Zm ratio (Secchi-disk depth: mixed depth) during the months of its maxi-
mum growth was at its lowest (April-May Zs:Zm =0.23, summer
Zs:Zm = 0.26 and November —December Zs: Zm = 0.32). The mean tempera-
ture during its maximum crops (21 °C) was within the optimum range cited
for this species in hypertrophic lakes (BERGER & SweErs 1988).

The Geitlerinema sp. populations were related to water temperature (posi-
tive coefficient) and phosphate (negative coefficient) in the stepwise regression
analysis (r = 0.71, F, 5 = 13.47, p<0.01). In comparison with the other mem-
bers of the Oscillatoriales studied, this species developed under the highest
mean temperatures and the lowest phosphate concentrations (Table 5).

Ps. galeata populations were related to alkalinity, dissolved nitrogen and
phosphate (negative coefficient), this latter being selected by the stepwise re-
gression (r = 0.48, Fyy = 7.90, p<0.01). Ps. galeata has a high capacity to store
intracellular phosphate under starting nutrient deficiency in culture (Romo et
al., in press). Maximum development of this alga took place under nutrient
concentrations lower than those of P. agardhii (Table 5). There are no ref-
erences to the nutrient requirements of this cyanophyte, although the relation
N:P =17 observed during its annual peaks is higher than the optimum
growth value of N:P =9 cited for Pseudanabaena catenata in laboratory
(Hearey & Henpzer 1979).

Geitlerinema sp. and Ps. galeata abundance grouped together, showed sig-
nificant relationships with light (positive coefficient) and phosphate (negative
coefficient) (r = 0.56, F,y =5.79, p<0.01). Their populations mainly dis-
tinguished for developing under higher underwater light intensity and temper-
atures, and lower orthophosphate levels than those of P. agardbii.

Discussion

In the Albufera of Valencia, interannual variations of the three main blue-
green algae species were much less pronounced than seasonal changes. The cya-
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nophyte seasonality was quite consistent during the study period. P. agardhii
dominated during winter and spring, while Geitlerinema sp. and Ps. galeata
were relatively more abundant during summer and autumn. The factors re-
gulating this pattern seem mainly related to underwater light climate, nutrients
(especially phosphate concentrations) and water residence times.

Differential resource requirements for these major species were observed.
P. agardhii seemed the most oligophotic of them. Tts peaks in the Albufera al-
most resemble a monoalgal culture. This agrees with the observations of Zg-
vENBOOM et al. (1982) and BercEr (1984) in which the organism created a
selfshading light climate selecting for its own growth.

In summer, increased underwater light intensity and photoperiods in the
Albufera enhanced growth of Ps. galeata and Geitlerinema sp. relative to that of
P. agardhii. This latter is better adapted to low light intensities (Foy & GiesoN
1982; Bercer 1989) and short light-dark cycles (Foy et al. 1976; Nickuisch &
Kot 1989). On the other hand, the euphotic depth in the Albufera (0.65 m,
Miractk et al. 1987) is higher than the threshold of 0.50m cited in the P.
agardhii dominated-lakes (BErGer 1984). The development of Geitlerinema sp.
during summer months, under reduced phosphate concentrations could sug-
gest that this species has lower phosphate requirements than Ps. galeata. How-
ever, this observation needs experimental appraisals. Despite the fact that Geit-
lerinema sp. lacks intracellular gas-vesicles, contrasting to P. agardhii and Ps.
galeata (ANaGNOSTIDIS & KOMAREK 1988; ANAGNOSTIDIS 1989), the polymictic
features of the Albufera and the east wind stirring in summer, allowed a good
development of this non-vacuolated filamentous species during prolonged
summer stagnation.

The low N : P values found in the Albufera at the time of maximal growth
of P. agardhii, with relatively high phosphate concentrations agree with the nu-
trient requirements claimed for this species (VAN LiEre & Mur 1980; ZEVEN-
BooM 1980; AHLGREN 1985; NickLiscH et al. 1991). In contrast, in summer the
reduction of nutrient levels, especially phosphate, and the prevailing light con-
ditions favoured the development of the other major cyanophyte species.

During November and December, the environmental conditions in the Al-
bufera also seemed not to favour the growth of P. agardhbii. Although, solar ir-
radiance decreases towards the end of the year, the raising of lake level for rice-
field management and a general reduction in algal abundance (Romo 199 1) led
to better light penetration (Soria et al. 1987). The N : P ratio is high during this
period because the drying of ricefield in September resulting in an important
input of nutrients, especially nitrogen, into the lake (Soria et al. 1987).
Moreover, the long generation times of P. agardbii (AHLGREN 1978; VAN LiERE
1979; Foy 1980), seem unsuited for its development under frequent autumn
rainflushing. The maximum theoretical water residence in the Albufera at this
time is lower than that required for P. agardhii to attain a persistent bloom

31 Archiv f. Hydrobiologie, Bd. 126




482 Susana Romo and M. Rosa Miracle

(BerGER & SweErs 1988; OLLt 1989). P. agardhii was only dominant during the
final months of the year in 1985, when unusual conditions of reduced post-
summer water replacement and a decrease in the N:P ratio were observed.
The major presence of Ps. galeata over 1988 was probably related to the
maintenance of a high density from the end 1987, to having higher reproduc-
tion rates than P. agardhii (Romo 1991) and to being able to better recover
from periods of high flushing.

Finally, it is interesting to note that the periodicity observed for the main
blue-green algae in the Albufera and El Porcal, another shallow Spanish
hypertrophic lake (ALvarez-Coseras et al. 1987; Rojo 1990), is opposite to
the periodic sequence described between P. agardbii and Limnothrix redekei
in several other shallow European lakes (e.g. BErRGER 1975; Gisson & Firz-
svonNs 1982; Moep & HooeveLp 1982; Hicker 1988; CHorus & WESSELER
1988). It is possible to compare these two sequences because of the taxonomic
proximity and the similar growth rates between Ps. galeata and Geitlerinema
sp. and L. redekei (ANaGNOsTIDIS & KoMaREK 1988; ANaGNOsTIDIS 1989; Romo
1991).

In the two Spanish lakes, maximal increase of P. agardhii occurred in
spring, while in the other European lakes it takes place in summer or autumn,
the spring phytoplankton being dominated by L. redekei. It is argued that this
is dependent upon the higher respiration rates of L. redekei in summer (Foy et
al. 1976; Foy & Smrra 1980); selective zooplankton predation (Gisson & FiTz-
sIMONS 1982); a lower capacity of L. redekei to use trace elements (MoED et al.
1988) and differential nutrient requirements (NIckLIsCH et al. 1981). However,
competition experiments carried out with these two species (NickLiscH &
KonL 1989; NickuiscH et al. 1991) showed that the conditions generally pre-
vailing in many of these lakes during summer (e.g. high temperatures, long
photoperiod) can only favour the dominance of L. redekei or the coexistence
between both species. These experimental results clearly support the species
sequence found in the two Spanish hypertrophic lakes. The possible reasons
for this seasonal divergence could be the higher solar radiation and tempera-
tures obtaining at our latitude, and a more pronounced phosphorus limitation
during summer. For instance, the shallow hypertrophic lakes of Holland have
a maximum subsurface light intensity during summer months at midday, of
about 1800 uE m~2s~! (Van Lizre & Mur 1980). In the Albufera and El Porcal
(Rojo 1990) this value can be reached in March, which in both cases is in ac-
cordance with the growth period of P. agardhii but the seasons are different.
Moreover, the spring temperature in the Albufera at the time of P. agardhii
peaks is similar to summer temperatures for most of the lakes in Northern and
Central Europe (STEWART & GiBsoN 1987; BERGER & SwEErs 1988). In this way,
the seasonal sequence described between P. agardbii and Pseudanabaena cate-
nata in some eutrophic lakes of Argentina (latitude 34°53'S, 57°49' W) (So-
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raRI 1987), is similar to that observed in Spain. However, further reports and
studies are required in order to clarify this point.
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