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Abstract

Long-term population dynamics and ecology of the abundant but non-dominant phytoplankton species
of the shallow hypertrophic lake the Albufera of Valencia (Spain) are described for the period 1980—
88. The lake is used as a reservoir for the surrounding ricefield cultivation. It is continuously dominated
by three filamentous blue-green algae, Planktothrix agardhii, Pseudanabaena galeata and Geiilerinema sp.
Horizontal differences of the phytoplankton were less important than annual and seasonal variations.
An annual increasing trend was observed for Planktolyngbya subtilis, Planktolyngbya contorta, Cylin-
drospermopsis raciborskii, Microcystis incerta, Nitzschia palea var. tenuirostris and Rhodomonas lacustris var.
nannoplanctica, whereas Anabaenopsis elenkinii, Scenedesmus acuminatus, Scenedesmus quadricauda and
Cyclotella meneghiniana showed an opposite trend. This pattern seems related to the increase of nitro-
gen and phosphorus loading in the lake and certain hydrological changes occurred in the latter years
of the study. Seasonal pattern of the subdominant species showed the presence of Cyclotella meneghini-
ana, Scenedesmus species and Chlamydomonas spp. in spring, during moderate water renovation rates
and phosphate availability. Periodicity shifted to blue-green algae and Nifzschia species in summer and
early autumn, during reduced phosphate levels and initial low but later high water renewal. Autumn and
winter species, such as Monoraphidium contortum, Nitzschia gracilis, Rhodomonas lacustris var. nanno-
planctica and Cryptomonas erosa, were mainly related to light intensity and temperature. Although the
lake has a typical hypertrophic phytoplankton assemblage, the general seasonal variation of the species
is similar to that often described in temperate lakes. Diatom species composition differs to that cited
in other shallow hypertrophic lakes of Europe.

Introduction toplankton studies carried out in these systems

(Gibson & Fitzsimons, 1982; Berger, 1984; Loog-
The Albufera of Valencia is a shallow, hyper- man & Van Liere, 1986; Berger & Sweers, 1988;
trophic lake dominated since the late 1970’s by Romo & Miracle, 1993). Several laboratory and
filamentous blue-green algae (Romo, 1991). This field studies have been made to ascertain the fac-
algal group has focussed the few long-term phy- tors controlling the growth performance of the
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dominant filamentous blue-green algae, such as
Planktothrix agardhii (Gom.) Anagn. Kom. and
other more slender cyanophytes, e.g. Limnothrix
redekei (Van Goor) Meffert (Gibson & Fitzsi-
mons, 1982; Berger & Sweers, 1988; Nicklisch &
Kohl, 1989; Nicklish et al., 1991). However, the
dynamics and ecology of the abundant but non-
dominant species of shallow hypertrophic lakes
have been often overlooked and seldom reported
(Fott, 1975; Moed & Hoogveld, 1982; Alvarez-
Cobelas & Rojo, 1990). The aim of this article is
to describe the long-term periodicity and ecology
of the subdominant species in the Albufera of
Valencia, for the period 1980-88. Analyses relat-
ing algae population dynamics to environmental
features will be used, since these are regarded as
a suitable method for highlighting relationships
that deserve further research (Trimbae & Harris,
1983).

Description of study site

The Albufera of Valencia is a shallow, hyper-
trophic, oligohaline lagoon located in the National
Park of the Albufera, Spain (39°20' N,
0°20" W). It is an exposed polymictic lake, with
a mean depth of 1 m, a mean area of 21 km? and
a length and breadth of approximately 6 km. De-
tailed description of its morphometric and limno-
logical features are shown in Serra et al. (1984);
Soria et al. (1987) and Romo & Miracle (1993).
Since the last century, the lagoon has functioned
as a reservoir for the demands of the surround-
ing rice cultivation. Water level of the lagoon is
regulated by sluice gates situated at the outlet
channels (Fig. 1). The hydrological cycle of the
lake has been described in Romo & Miracle
(1993) and can be summarized as follows: there
are two periods of water retention to keep rice-
fields flooded, from mid-April to August and from
November to December. Rice is grown from May
to August. From September to October, the
floodgates are opened to empty the fields for rice
ripening and harvest. Then, in November, the
sluices are closed and the level of the lagoon is
raised to flood the paddy fields for winter protec-
tion and organic matter degradation. From Janu-

ary 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 opening of the sluices, Jan—
Mar and Sep—Oct, lake water renewal is high.

Material and methods

Samples were collected between July 1980 and
January 1989. No samples were taken in 1984.
They were taken seasonally between 1980 and
1983 and approximately monthly from 1985 on-
wards. 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 northeast cor-
ner (station 1), in the centre (station 2) and in the
south-east (station 3). These three sampling sites
experience different water retention times and nu-
trient loadings. The northern zone receives indus-
trial and urban sewage water, with high concen-
trations of phosphate and ammonia, while the
lake inlets from the south catchment areas mainly
receive agricultural water, enriched with high con-
centrations of nitrogen (Soria et al., 1987). The
northern and southern points, due to their loca-
tion near the main inflows and the lake outlet
channels, have higher theoretical water renewal
rates (approx. 20 and 35 times y~') than the
central point (approx. 7 times y~'). This latter
has also the lowest nutrient concentrations. In
1987, point 1 was not sampled because of prob-
lems of access, due to a severe reduction in depth
as a consequence of sediment accumulation car-
ried from the main inlet situated at the front.
Samples were taken by filling bottles 30 cm
below the water surface. The number of individu-
als were counted by the iodine-sedimentation
method (Uthermohl, 1958), using an Olympus in-
verted microscope. Cells, trichomes and colonies
were used as counting units. The estimated
counting error was less than 6% (Lund et al.,
1958). The length and width of a representative
number of the main species (100-20) were mea-
sured for each sample under x 1000 magnifica-
tion, the measuring precision being 0.8 um. The
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Fig. 1. Map of the Albufera of Valencia showing location, sampling sites and outlet channels.

fresh biomass of the phytoplankton was calcu- (1988). The taxonomic descriptions are detailed
lated according to Rott (1981). Oscillatorial spe- in Romo (1991), and the taxonomy and ecology
cies were identified using the recent taxonomic of Geitlerinema amphibium (Ag. ex Gom.) Anagn.
criteria specified in Anagnostidis & Komarek in Romo et al. (1993).
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Simultaneously with the collection of phy-
toplankton samples, some physico-chemical pa-
rameters of the lake were measured. Environmen-
tal data from 1980 to 1985 are described in Serra
et al. (1984); Miracle et al. (1987) and Soria et al.
(1987). Data collected from 1986 to 1988 have yet
to be published.

Statistical tests were made according to Sokal
& Rohlf (1981), using the SPSS package (Nie
et al., 1984). A stepwise multiple linear regression
analysis of each species abundance against some
environmental variables (temperature, underwa-
ter light climate, nitrate, nitrite, ammonia, total
dissolved nitrogen, dissolved phosphate and for
diatoms also dissolved silica) was performed.
Data were normalized when necessary by means
of a logarithmic transformation.

Results
Abundant species and horizontal pattern

A total of 131 phytoplankton species were iden-
tified in the lake from 1980 to 1988. The species
having a high density, biomass and occurrence
during the study period were selected to establish
their algal periodicity in the Albufera of Valencia
(Table 1). Phytoplankton was almost continu-
ously dominated by three filamentous blue-green
species, Planktothrix agardhii, Pseudanabaena
galeata and Geitlerinema sp., that represented ap-
proximately half of the algal relative abundance
and more than 709 of the biomass for 1980—88.
Their periodicity and ecology in the lake has been
described in Romo & Miracle (1993). After the
three major algae, the species that contributed the
most to the phytoplankton density was Plank-
tolyngbya subtilis although its small trichome vol-
ume (29 pm®) considerably reduced the impor-
tance of its relative biomass (Table 1). Other
abundant filamentous cyanophytes were Plank-
tolyngbya contorta, Cylindrospermopsis raciborskii,
Jaaginema cf. metaphyticum, Anabaenopsis elenki-
nii and Geitlerinema amphibium (Table 1).

In general, the other species apart from Cyano-
phyta represented less than 19, of the total phy-

toplankton relative abundance and biomass for
1982-88, with the exception of the diatom Cyclo-
tella meneghiniana (Table 1). Similarly as was de-
scribed by Shoeman & Archibald (1980) in the
Albufera, and in other shallow hypertrophic lakes
(Rojo, 1990; Kiss & Padisak, 1990), the popula-
tions of C. meneghiniana during the present study
were constituted by individuals of different sizes
corresponding to distinct growth phases (diam-
eter size 8—12 um and (4—) 57 pm). This centric
diatom was almost permanently present in the
lake (Table 1), amounted to 56%, (points 1 and 3)
and 38%, (point 2) to the total diatoms density.
Nevertheless, the genus Nitzschia was the most
important in number of species, representing 50%,
of the total diatoms identified in the Albufera
(Table 1).

Chlorophyta consisted mainly of Scenedesmus
and Monoraphidium species, the former with 20
taxa represented 299 of the total identified Chlo-
rophyta (Table 1). The most abundant and fre-
quent algae were Scenedesmus acuminatus, Scene-
desmus quadricauda, Monoraphidium contortum
and  Chlamydomonas spp. These species
amounted to 409, of the total density of Chloro-
phyta for the period 1982-88. The highest mean
density corresponded to Scenedesmus acuminatus
(Table 1).

The most relevant Cryptophyta were Crypio-
monas erosa and Rhodomonas lacustris var. nan-
noplanctica. They amounted to 90-959%, of total
Cryptophyta density for 1982-88. The greatest
mean density corresponded to Rhodomonas lacus-
tris var. nannoplanctica (Table 1). They were al-
most permanently present in the lake, appearing
in 70-909%; of the total samples. It is interesting
to note that prior to Javornicky’s (1976) taxo-
nomic criteria for Rhodomonas species, Rh. lacus-
tris var. nannoplanctica was classified as Rhodomo-
nas minuta Skuja var. nannoplanctica Skuja.

Horizontal differences in the annual and sea-
sonal pattern were small except in the case of
Planktolyngbya subtilis, Cylindrospermopsis raci-
borskii, Chlamydomonas spp., Cyclotella me-
neghiniana and the coccal cyanophytes (Fig. 2).
Planktolyngbya subtilis and Cylindrospermopsis
raciborskii had at point 1 much lower frequency
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Cylindrospermopsis raciborskii
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Fig. 2. Periodicity and horizontal changes in the abundance of the main phytoplankton species of the Albufera of Valencia, be-
tween 1980 and 1988. On the abscise only the sampled dates are indicated with the initial of the corresponding month. Sampling

points are shown as: M, P1, P2 and P3 (see text).

values than in the other sampling points (Table 1),
due to the lack of data at this station in 1987,
when these species reached their maximum de-
velopment (Fig. 2). In contrast, at point 1 the av-
erage density and biomass of Cyclotella meneghini-
ana for 1982-88 was double that at the other
stations (Table 1), due to an important increase
of small forms in 1982 (Fig. 2). Its relative fre-
quences of density and biomass were in general-

higher at the stations of greater turbulence (points
1 and 3). This also applied to the three Nitzschia
palea forms. The coccal blue-green species
showed a higher density at point 2, which is the
zone with the lowest renewal time. Among them,
Aphanothece clathrata was the one having the
highest occurrence in the lake, while Microcystis
incerta had the highest mean density at point 2 for
1982-88 (Table 1).

Table 1. Percentage of occurrence (Occur), relative frequencies of biomass (B) and density (A), mean biomass (MB, mg-1~') and mean density
(MA, ind - ul~ ') of the phytoplankton species identified in the Albufera of Valencia for 1982—88. Codes for the relative frequencies of biomass and
density: > 109 equals 5; [10-1% ] equals 4; ]1-0.1%] equals 3; ]0.1-0.01%] equals 2; <0.01% equals 1; (=) No present.

Station 1 (Zone North)

Occur B A MB

CYANOPHYCEAE

Planktothrix agardhii (Gom.) Anagn. Kom 100 S 5 7749
Pseudanabaena galeata Bocher 97 4 5 741
Geitlerinema sp. 76 4 5 5.71
Planktolyngbya subtilis (Lemm.) Anagn. Kom. 52 2 4 013
Planktolyngbya contorta (Lemm.) Anagn. Kom. 67 3 4 022
Cylindrospermopsis raciborskii (Wol.) Seen. Raju 15 2 2 031
Jaaginema cf. metaphyticum Kom. 52 3 4 0.25
Anabaenopsis elenkinii Miller 70 4 3 1.73
Geitlerinema amphibium (Ag. ex Gom.) Anagn. 36 3 4 1.70
Aphanothece clathrata W. & G. S. West 21 4 3 9.30
Microcystys aeruginosa f. flos-aquae (Wit.) Elenk. 21 4 3 642
Microcystis incerta (Lemm.) Starmach 33 3 3 2.86
Oscillatoria lanceaeformis Kalbe 36 3 4 035

Station 2 (Zone Center) Station 3 (Zone South)
MA | Occur B A MB MA |[Occur B A MB MA
40.69 | 100 5 5 133 61.20| 97 S 5 2660 1640
47.49 | 100 4 5 8.44 62.20( 92 4 4 221 14.60
62.02 | 76 4 5 1030 106 | 79 4 5 440 4250
6.86 | 71 4 5 2.87 1271 56 4 5 1.94 91.90
16.37 | 82 3 4 0.35 26.38| 67 3 4 018 1240
1.16 | 21 3 4 499 21.00| 18 3 4 1.89  9.63
8.54| 55 3 4 0.67 23.88|44 3 4 024 3813
2841 71 3 4 247 596|177 4 4 1.00  3.90
8.19| 55 3 4 2.25 10.74 | 41 3 4 076 381
1.50 | 47 4 3 1060 27423 4 3 255 071
272 37 4 3 1440 234|110 4 2 450 032
2,13 37 4 3 720 4701 18 3 2 1.18  0.63
7.441 61 2 3 025 4.89]38 3 3 015 28




Table 1. (Continued)

Station 1 (Zone North)

Station 2 (Zone Center)

Station 3 (Zone South)

Occur B A MB MA |[Occur B A MB MA |Occur B A MB MA
Merismopedia tenuissima Lemm. 67 2 3 0.09 239 | 76 2 3 0.16 4.29| 54 2 3 006 1.21
Merismopedia punctacta Meyer 21 I 2 005 040 | 37 2 2 0.39 0.80| 31 2 2 004 033
Chroococcus limneticus var. subsalsus Lemm. 15 I 2 0.05 0.75 | 53 2 3 0.10 1.45] 41 2 2 003 033
Synechocystis cf. pevaleckii Erceg. 18 1 2 003 052 24 1 2 0.05 1.24| 10 1 2 001 024
Marssoniella elegans Lemm. 3 1 1 0.08 0.31 5 11 0.13  0.42 - - - = -
Spirulina albida Xolkwitz 12 1 2 0.05 0.76 3 11 0.01 0.18 3 1 1 0.01 0.18
Anabaena cf. laxa Rabehn. - - = - - 3 1 1 0.17  0.30 5 3 2 216 139
Anabaena sp. 6 2 1 067 0.31 8 2 1 026 0.20| 10 2 1 008 0.09
Komvophoron schmidlei (Jaag) Anagn. Kom. 3 -1 - 0.16 3 -1 - 036 - - - -
Romeria elegans Wol. 6 1 2 0.02 0.13 - = = = 5 1 0.04  1.69
BACILLARIOPHYCEAE
Cyclotella meneghiniana Kiitz. 97 4 4 506 11.27 100 4 3 225 541100 4 4 248 486
Nitzschia palea (Kiitz.) W. Smith 67 3 3 044 .15 ] 63 3 3 0.43  0.92| 67 3 3 026 062
Nitzschia palea var. tenuirostris Grun. 88 3 3 041 1.86 | 89 3 3 0.51 2.25| 87 3 3 027 1.51
Nitzschia palea var. debilis (Kiitz.) Grun. 58 3 3 026 3.30 | 58 2 3 0.15 022] 62 3 3 008 110
Nitzschia gracilis Hantz, 73 3 3 071 1.44 | 76 3 3 110 2.07| 62 3 3 051 093
Cyclotella comta (Ehr.) Kiitz. 70 4 3 233 0.92 | 58 3 2 1.59 046 | 44 3 2 055 024
Cyclotella sp. 24 2 2 008 0.57 | 53 2 3 0.14 1.00| 28 2 2 005 025
Nitzschia intermedia Hantz. 70 3 3 0.50 0.55 | 71 3 3 0.66 0.69| 56 4 3 125 055
Nitzschia longissima (Bréb.) Ralfs. 55 3 3 032 0.90 | 61 3 3 044 1.24| 74 3 3 016 044
Nitzschia acicularis W. Smith 48 2 3 015 0.75 | 50 2 3 0.13  0.78| 51 2 2 005 027
Nitzschia closterium (Ehr.) W. Smith 3 I 1 0.08 0.47 - - - - - 8 1 1 001 0.07
Nitzschia pusilla Kiitz. 45 2 3 0.10 224 | 37 2 3 0.07 1.57| 38 2 2 0.02 036
Nitzschia dissipata (Kiitz.) Grun. 15 2 2 013 0.19 | 16 2 2 0.39 0.51| 10 2 2 020 039
Nitzschia sp. 6 - 2 - 0.44 5 -1 - 0.63 3 -1 - 0.07
Nitzschia subcapillata Hustedt 3 2 - 061 - 5 2 1 0.54  0.90 8 2 2 037 045
Navicula cryptocephala Kiitz. 3 il 0.08 0.04 - - - 5 2 1 014 0.16
Navicula sp. 6 1 0.01 0.05 - - - - - 18 2 2 003 0.4
Cocconeis placentula Ehr. - - - - - - - - - - 3 - 1 - 0.06
Synedra ulna (Nitz.) Ehr. - - - - - 3 I 1 0.07 042 3 1 1 0.0l 0.03
Acanthoceras zachariasi (Brun.) Simonsen - - - - - - - - - - 3 2 2 113 0283
Amphora sp. - - - - - - - - - - 3 1 1 012 0.05
Pinnularia sp. - - - = - - - - - - 3 2 1 021 0.13
CRYPTOPHYCEAE
Cryptomonas erosa Ehr. 82 3 3 071 1.14 | 92 3 3 0.50 0.93| 85 3 3 034 071
Rhodomonas lacustris var. nannoplanctica (Skuja) 73 2 3 0.09 1.82 | 87 2 3 0.11  2.14| 90 3 3 005 121
Jav.
Crytomonas erosa var. reflexa Marsson 15 2 2 031 0.60 | 16 2 2 0.15  0.30 5 1 1 007 0.18
Crytomonas marsonii Skuja 27 2 2 0.17 037 | 26 2 2 0.12 034 28 2 2 005 0.17
Crytomonas ovata Ehr. 3 1 1 0.06 0.16 | 13 1 1 0.09 0.26] 10 2 2 0.10 0.18
Rhodomonas lacustris Pascher Ruttner 24 1 2 0.04 0.40 | 32 2 2 0.06 0.49]| 28 2 2 0.03 036
Cryptomonas sp. - - - - = - - - - - 5 1 1 0.02 021
CHLOROPHYCEAE
Scenedesmus acuminatus (Lagerh.) Chod. 100 4 3 125 1.83 | 97 3 3 1.00 1.96| 95 3 3 044 097
Scenedesmus quadricauda (Turp.) Bréb. Chod. 79 2 3 0.06 0.70 | 95 2 3 0.12 1.03| 77 3 3 010 044
Chlamydomonas spp. 76 3 3 0.50 1.67 | 74 3 3 0.61 234 56 3 3 019 077
Monoraphidium contortum (Thur.) Kom. Legn. 91 2 3 0.04 1.41] 95 2 3 0.06 1.90| 85 2 3 0.04 0098
Monoraphidium griffithii (Berk.) Kom. Legn. 33 2 3 0.05 0.63 | 39 2 2 0.10 0.84| 46 2 3 006 045
Monoraphidium komarkovae Nyg. 9 1 2 0.09 0.98 | 11 1 2 0.05  0.63 8 1 2 0.04 070
Monoraphidium tortile (W. & G.S.) Kom. Legn. 12 1 2 001 032] 16 1 1 0.01 0.24| 10 1 2 0.01 028
Monoraphidium arcuatum (Kors.) Hind. 64 2 3 004 035 | 63 z 2 0.04 051 54 2 2 001 0.12
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Table 1. (Continued)

Station 1 (Zone North)

Station 2 (Zone Center)

Station 3 (Zone South)

Occur B A MB MA |[Occur B A MB MA |Occur B A MB MA
Monoraphidium circinale (Nyg.) Nyg. 33 2 3 006 148 |29 1 2 0.04 09018 1 2 002 026
Monoraphidium minutun (Nag.) Kom. Legn. 67 1 3 001 041 |71 1 3 0.02  0.66 |62 1 2 0.01 0.18
Tetraedrom minimum(A. Br.) Hansg. 67 2 2 004 028 |74 2 2 0.04 0.40|51 2 3 003 031
Tetraedrom incus (Teil.) G. M. Smith 12 1 2 007 028 [32 2 2 0.08 0.38]10 2 2 006 020
Tetraedrom cf. trigonum (Nag.) Hansg. 3 2 2 165 216 3 2 1 .70 0.66 | 3 1 1 002 0.06
Lagerheimia genevensis (Chod.) Chod. 21 1 2 002 030 |21 1 2 0.04  0.50 |28 2 2 002 022
Lagerheimia marssonii Lemm. 12 1 2 002 028 - = e = -5 1 1 001 o0.14
Qocystis spp. 42 2 3 017 051 |42 2 2 0.21  0.72 |41 2 2 0.06 022
Actinastrum hantzschii Lagerh. 82 2 3 004 069 |82 2 3 0.03  0.73 |67 2 3 003 052
Actinastrum sp. - - - - - 3 1 1 0.01 042 3 1 2 002 140
Chlamydomonas leiostraca (Stre.) Ettl. 36 2 3 0001 0.64 |26 2 2 0.08 0.52]15 2 2 0.03 021
Chlorogonium elongatum Dangeard 64 3 3 002 086 |63 2 2 0.16 0.53 |44 2 2 0.04 0.17
Chlorogonium gracile Matwienko 12 1 2 004 054 |11 1 2 0.03 050 5 1 2 003 047
Pediastrum boryanum (Turp.) Menegh. 15 2 1 017 011 |16 2 2 0.21  0.25|10 2 1 033 012
Pediastrum duplex Meyen 3 1 1 024 0.17 - - - - - - - - = -
Scenedesmus acutus Meyen 76 3 3 0.18 055 |63 2 3 0.28  0.66 |49 3 2 014 031
Scenedesmus longispina Chod. 12 1 2 007 028 8 L 4 0.03 0211 5 2 2 013 057
Scenedesmus quadrispina Chod. 18 1 2 005 026 |11 1 2 0.04 0.57 (10 1 2 003 029
Scenedesmus ecornis (Ehr.) Chod. 42 1 2 002 036 |6l 1 2 0.02  0.44 |46 1 2 001 022
Scenedesmus spinosus Chod. 39 2 2 004 042 |58 1 2 0.02  0.36 |49 2 2 001 0.16
Scenedesmus pecsensis Uherk. 18 1 1 001 010 |21 1 2 0.04 044115 1 2 001 016
Scenedesmus obliqguus (Turp.) Kiitz. 30 2 3 020 080 |68 2 3 0.20  0.77 | 41 3 3 014 059
Scenedermus antillarum Comas 21 2 2 017 041 |34 2 2 0.44 08121 2 2 011 022
Scenedesmus incrassatulus Bohl. = - - - - 8 1 0.03 021 - - - - -
Scenedesmus intermedius Chod. I 1 2 003 0.17 |13 L I 003 026/ 5 2 1 009 0.11
Scenedesmus costato-granulatus Skuja 6 1 2 003 043 5 1 2 001 09| 3 1 1 000 0.12
Scenedesmuts sooi var. tiszae Hortob 21 1 2 005 024 |16 1 1 0.04 0.2033 2 2 0.03 0.16
Scenedesmus lefevrii var. manguinii Lef. Bourr. 12 1 2 0.05 035 8 1 2 0.10  0.58| 8 2 2 0.08 023
Scenedesmus cf. brevispina (Smith) Chod. 6 1 2 012 049 |13 1 2 0.05 0.58|10 2 2 015 051
Scenedesmus cf. sempervirens Chod. - - - - = - - - -1 3 1 1 0.00 0.05
Scenedesmus cf. dispar (Bréb.) Rabehn = - - - - 8 0.04 034 8 2 2 007 037
Scenedesmus opoliensis Richt. 6 1 008 0.14 3 1 - 0.12 — | & - = = -
Scenedesmus bicaudatus Dedus. - - - - - 3 - 1 - 062 - - - = -
Schroederia setigera (Schrod.) Lemm. 39 2 2 013 041 |58 2 2 0.04 0.33 |41 3 2 012 027
Closteriopsis acicularis (Smith) Bel. Swale 61 2 3 007 045 |76 2 3 0.08 0.62|64 2 3 003 025
Chlorella vulgaris Beijer. 21 2 '3 023 147 |21 2 2 031 1.51|13 2 2 011 0.69
Tetrastrum staurogeniaeforme (Schrod.) Lemm. 6 1 1 001 0.13 |18 1 2 0.03 0.28]13 1 1 001 0.12
Dyctiosphaerium pulchellum Wood 58 3 3 036 086 |58 2 2 0.16 0.60| 44 3 3 016 0.37
Coelastrum microporum Nag. 36 3 3 042 058 |42 2 2 0.19  0.59]36 3 2 014 041
Coelastrum astroideum De-Not 18 3 2 1.00 095 |21 2 2 021 03818 2 2 0.09 024
Golenkinia radiata Chod. 12 2 2 013 087 8 1 1 0.07 0.32] 8 I 1 003 0.12
Chloromonas spp. 39 2 3 020 1.09 |45 2 2 0.06 086 8 1 2 003 036
Pyramimonas sp. - - - - - 3 2 1 1.63  0.51] - - - = -
Treubaria cf. triappendiculata Bern. 3 1 1 003 037 3 I 1 001 021 8 2 1 009 012
Didymogenes palatina Schmidle 21 1 2 004 036 |32 1 2 0.03 0.33] 8 1 2 002 023
Didymogenes anomala (G. M. Smith) Hind. 6 1 1 0.01 0.13 3 11 0.03 035| - - - - -
Didymocystis f. planctonica Kors. 21 1 2 0.03 0.17 |26 1 2 0.04 0.29]21 1 2 001 020
Nephroclamys subsolitaria (G. S. West) Kors. 18 1 2 005 042 |34 1 2 0.05 04723 2 2 0.03 020
Phacotus cf. lenticularis (Ehr.) Stein 12 1 1 008 0.13 3 2 1 0.68 0.51] 5 2 1 017 0.12
Spermatozopsis exultans Korsch. - - - - - 5 1 1 0.01 027 8 1 1 0.00 0.06
Pteromonas angulosa (Carter) Lemm. - - - - - 3 1 1 0.08 0.12| - - - = -
Choricystis chodatii (Jaag.) Fott 18 2 2 007 105 8 1 2 0.06 0.71] 18 3 3 030 370
Choricystis minor (Skuja) Fott 39 1 3 002 1.51 |39 1 3 0.01 1.45|26 1 3 001 0.64
Diplostauron sp. 6 1 1 004 024 |11 11 0.03 0.34] 5 1 1 001 0.16
Kirchneriella sp. 18 1 2 002 060 |34 I 2 0.03 0.65] 8 1 2 002 0.60
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Station 1 (Zone North) Station 2 (Zone Center) Station 3 (Zone South)

Occur B A MB MA |[Occur B A MB MA |[Occur B A MB MA
Crucigeniella sp. 6 11 002 020 |16 1 2 002 033]5 1 1 0.03 0.13
Platymonas sp. 2 1 102 039 3 1 0.13 0.18| 3 1 1 0.07 0.06
Sphaerellopsis sp. 18 2 2 040 021 - - = - - |10 2 1 011 0.07
Carteria sp. 1 1 0.06 0.08 3 1 0.34 04210 2 1 010 0.12
Phyllocardium sp. 9 1 2 003 056 |13 I 2 006 058]10 1 2 001 018
Chlamydonephris sp. 12 1 2 005 019 |16 11 0.05 0.19 15 2 2 005 029
Pyramichlamys sp. - - - - - - - - - -1 3 1 1 002 0.12
DESMIDIACEAE
Closterium cf. acutum Bréb. 3 1 1 027 0.11 5 2 1 0.51 036 3 I 1 0.07 0.07
EUGLENOPHYCEAE
Euglena proxima Dangeard 30 3 2 159 042 |11 2 1 041 0.20|23 3 2 024 0.13
Euglena agilis var. pisciformis Carter 30 3 3 L7177 17l 8 2 2 090 0.81]21 3 2 051 068
Euglena sp. 24 3 2 089 036 |16 2 2 031 02921 2 2 011 0.09
Trachelomonas volvocina Ehr. 36 3 3 043 041 |21 2 2 021 0.24 |26 3 3 048 078
Trachelomonas hispida Stein 30 3 1 061 0.12 8 2 1 0.25 0.15]21 2 2 020 0.09
Phacus sp. 33 3 2 074 042 |24 2 2 035 0.23]28 3 2 026 021
DINOPHYCEAE
Gymnodinium cf. lacustre Schiller 45 3 2 036 038 |71 3 2 0.34  0.47|49 3 2 020 0.19
Other algae 18 1 2 003 05 |18 1 2 006 0.63]|21 1 2 001 022
Annual periodicity to 154 uM in October, while orthophosphate

The lake showed a pronounced algal periodicity
during the years 1980—88, with seasonality of the
abundant species remaining almost similar from
year to year (Fig. 2). Nevertheless, two hydrolog-
ical events influenced nutrient and phytoplankton
dynamics during the last two years. In 1987, the
usual post-summer water renewal (from Septem-
ber to October) for harvest of the ricefields, was
disturbed by the blocking of the outlet channels
with sediments. The prolonged water retention
enhanced the growth of several species but espe-
cially that of Planktolyngbya subtilis (Fig. 2). It
attained the highest standing crop recorded for
any species in the study (2 x 10° ind ml~ '), dom-
inating the phytoplankton assemblage (represent-
ed 809, of the total algal density). At this time,
water drainage from the ricefields into the lake
resulted in an increment of nitrogen loading, shift-
ing the concentration from 36 uM in late August

dropped to undetectable values as a consequence
of the algal growth. In 1988, a rainy spring de-
layed the general species periodicity towards the
end of the year.

Some species such as Planktolyngbya subtilis,
Planktolyngbya contorta, Cylindrospermopsis raci-
borskii, Microcystis incerta, Nitzschia palea var.
tenuirostris and Rhodomonas lacustris var. nanno-
planctica showed an annual trend of increasing
throughout the study period, whereas Anabaenop-
sis elenkinii, Scenedesmus acuminatus, Scenedes-
mus quadricauda and Cyclotella meneghiniana
showed the opposite trend (Fig. 2).

Therefore, maximum populations of 4. elenki-
nii took place during the years of the lowest ni-
trogen levels, in 1985 and 1986 (summer values
N:P<30, N=1-3 uM), having its populations
density an inverse relationship with this nutrient
(Table 2). Scenedesmus acuminatus and Sc. quad-
ricauda had after their maximum increases of May
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Table 2. Multiple linear regression analyses between the populations density of main phytoplankton species of the Albufera of
Valencia and the environmental variables, for each of the sampling points and the average values of them. T (temperature), 1
(underwater light climate), N (dissolved inorganic nitrogen), P (dissolved inorganic phosphate), Si (dissolved silica), NOX
(nitrate + nitrite), NR (ammonia). Significant P<0.05. A = species favoured by high values of the variable, B = favoured by low
values.

T I NOX NR N P Si T I NOX NR N P Si
O (%) pM - puM pM pM M O (%) pM pM pM uM M
Jaaginema cf. MEAN A Nitzschia palea var. MEAN
metaphyticum PTO 1 A tenuirostris PTO 1
PTO2 A PTO 2
PTO3 A PTO 3 B
Anabaenopsis MEAN A B Nitzschia palea var. MEAN
elenkinii PTO1 A B B debilis PTO I B
PTO2 A B PTO 2
PTO3 A B PTO3 B
Aphanothece MEAN Nitzschia gracilis MEAN B B
clathrata PTO 1 PTO 1
PTO 2 PTO2 B B
PTO 3 PTO3 B A
Microcystis MEAN Cryptomonas erosa MEAN B
aeruginosa PTO 1 PTO 1
[ flos-aquae PTO 1 PTO 1
PTO 2 PTO 2 B
PTO 3 PTO 3 B
Microcystis MEAN A Rhodomonas lacustris MEAN B
incerta PTO 1 A var. nannoplanctica PTO 1
PTO2 A A PTO2 B B A A
PTO3 A B B A PTO 3
Planktolyngbya MEAN A Monoraphidium MEAN B B
subtilis PTO 1 contortum PTO1l B B
PTO 2 A B PTO2 B B
PTO 3 B PTO 3 B
Planktolyngbya MEAN A B A . Scenedesmus MEAN B B A
contorta PTO 1 B B acuminatus PTO 1 B
PTO2 A B A B A PTO.2 B B B A
PTO3 A B A B PTO 3 B
Cylindrospermopsis MEAN Scenedesmus MEAN B B A
raciborskii PTO 1 quadricauda PTO 1 A B B A
PTO 2 B PTO 2 B
PTO 3 B B PTO 3 B B
Cyclotella MEAN B B B Chlamydomonas spp. MEAN
meneghiniana PTO1 B B B PTO 1 B
PTO2 B B B B A B PTO2
PTO 3 B A PTO 3 B

Nitzschia palea MEAN
PTO 1
PTO 2
PTO 3 B




1981 and 1983, a decrease in their annual maxi-
mum to more of less constant levels of
2-4 % 10% ind ml ~* (Fig. 2). Similarly, the annual
peaks of Cyclotella meneghiniana dropped ap-
proximate six-fold between 1982 and 1988 (from
a mean value of 8.6 x 10*ind ml~' in 1982 to
1.5x 10*ind ml~ " in 1988). In contrast, Nitzschia
palea var. tenuirostris showed an eight-fold rise for
the same period (from an average of 1.2 x 10? ind
ml™! in 1982 to 9.6 x 10°ind ml~' in 1988).
However, the highest overall interannual incre-
ment was shown by Rhodomonas lacustris var.
nannoplanctica, shifting from an average of
0.5x10%ind ml~'in 1980 to 7 x 10% ind m1~ ' in
1988 (Fig. 2).
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Seasonal pattern

A general seasonal pattern is shown in Fig. 3.
The abundant but non-dominant cyanophytes
occurred mainly in summer and autumn. The tri-
chomes of Jaaginema cf. metaphyticum identified
in the Albufera corresponded rather well to the
species description of Anagnostidis & Komarek
(1988), although we could not confirm trichomes
immobility (Romo, 1991). It has been described
as a benthic or tycoplanktonic species found in
diverse habitats (soil, sediment, epiphyte)
(Koppe, 1924; Komarek, 1975) and in waters with
high organic pollution (Alboal, 1988). Its pres-
ence in the Albufera mainly in July (Fig. 2), could
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J. methaphyticum

A. elenkinii
CYANOPHYCEAE A. clathrata
M. aeruginosa
f. flos-aquae
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C. raciborskii

C. meneghiniana

N. palea
BACILLARIOPHYCEAE N. palea var.
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N. palea var.
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CRYPTOPHYCEAE Rh. lacustris var.
nannoplanctica

M. contortum
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Chlamydomonas spp.

— -

Fig. 3. Seasonal pattern of the subdominant phytoplankton species of the Albufera of Valencia, according to their annual maxi-

mum populations periods during 1980-88.
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have been originated from an exogenous input
from the surrounding ricefields, after their tem-
porary drying for weeding and fertilization from
late June to early July, developing afterwards its
own populations in the lake. The shallowness of
the lake and wind stirring in summer, could favour
the suspension in the water column of this non-
vacuolate algae. Its populations amounted to up
409 of the total phytoplankton abundance in
July 1983.

Anabaenopsis elenkinii also developed in the
Albufera during summer months (Figs 2—3). Its
highest percentage within the total phytoplankton
abundance (27%) was in July 1985. During the
periods of its maximum standing crops the envi-
ronmental conditions were characterized for high
temperature, water stability and low nutrient con-
centrations, especially nitrate (Tables 2—3). These
features agree with those described for this blue-
green algae in another Spanish shallow hyper-
trophic lake (Rojo, 1990). It seems possible that
this species fixed nitrogen in the lake, since its
trichomes always showed the presence of 1 or 2
heterocytes. Moreover, its occurrence in summer
could be related to the high light intensity require-
ment for nitrogen fixation (Zevenboom & Mur,
1980), although a direct relation with this param-
eter was not found (Table 2).

The three major coccal cyanophytes of the lake,
Aphanothece clathrata, Microcystis aeruginosa f.
flos-aquae and Microcystis incerta appeared dur-
ing periods of water stability (summer and end-
autumn), with higher abundance at the sampling
point 2, which has the longest water residence
(Figs 2-3). Nevertheless, these species differed
from Anabaenopsis elenkinii for they were able to
grow also in November—December, during the
more moderate second period of water stability.
The development of the coccal blue-green algae in
the Albufera took place under higher phosphate
levels and generally lower nitrogen concentrations
than the filamentous cyanophytes, Microcystis
species occurring at the lowest concentrations of
nitrogen (Table 3). Microcystis incerta was the only
coccal species showing some relationship with
the abiotic parameters (Table 2). The main devel-
opment of M. incerta in 1988, when the annual

average of dissolved phosphate was 5-10 times
higher than in the other years as a consequence
of the wet weather (J. M. Soria, pers. comm.),
could suggest a closer dependence of this algae on
phosphorus than the other coccal species. How-
ever, this observation needs experimental apprais-
als. The big colonial size of these three coccal
species (4.5-1.4 x 10 um?®) accounted on some
dates for an important percentage of the algal
biomass, such as in November 1980 and January
1987, where Aphanothece clathrata and Microcys-
tis aeuroginosa f. flos-aquae represented 83 9% and
659, of the total algal biomass, but only 4.9%
and 6.6% of the total abundance, respectively.
The maximum biomass (up 118 mg 17 ') corre-
sponded to Aphanothece clathrata in July 1986
(amounted to 259, of total biomass).

Both Planktolyngbya subtilis and Pl contorta
showed a similar periodicity, although the latter
developed earlier, from 1986 onwards (Fig. 2).
They occurred mainly from late August to Octo-
ber (Fig.3) at the time of ricefields drainage
for harvest. During the rainy month of April
1988, PI. subtilis populations were also important
within the phytoplankton assemblage at point 2
(represented 719%, of the total algal density). The
two Planktolyngbya species were favoured by
moderate water renewal, high nitrate but low
phosphate levels, and temperatures above 19 °C
(Tables 2-3). The relationship of PI. contorta with
low underwater light climate (Table 2) could be
due to the alloctonous material carried out into
the lake during drying of the ricefields. The de-
velopment of Cylindrospermopsis raciborskii in
1987 was produced after the increases of Plank-
tolyngbya species (Figs 2-3) with a N:P ratio
higher than those of Planktolyngbya, but a lower
mean temperature. These three cyanophytes oc-
curred in the lake under very low phosphate con-
centrations (Table 3). Although, it is possible that
Cylindrospermopsis  raciborskii could be also
present at the ricefields as a N,-fixing species
(Quesada, 1990), nitrogen fixation in the Albufera
was unlikely because of the high nitrogen concen-
trations in the lake during its maximum popula-
tions and the frequent lacking of heterocytes in
the trichomes.
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Table 3. Values of the environmental variables during annual maximum populations of the subdominant species of the Albufera
of Valencia, between 1980 and 1988. First line: average values; second line: range of the abiotic variables during maximum
populations at the three sampling stations. Temp (temperature), I (underwater light climate, percentage of subsurface intensity),
N (dissolved inorganic nitrogen), P (dissolved inorganic phosphate), SiO, (silica). i = (undetectable levels).

Temp pH I N P N:P Si0, Si:P
()] (%) pM uM wM
J. methaphyticum 27 8.9 19 50 0.2 334
19-31 8-9.6 14-27 0.4-159 0.01-0.4 20—> 1000
A. elenkinii 27 8.8 17 26 0.4 70
25-28 7.6—10 14-24 1.2-79 0.01-1.3 1-600
A. clathrata 21 9.4 18 30 1.5 20
7-28 8.8-10 14-25 4.3-61 0.08-7.5 20-500
M. aeruginosa 23 9.7 19 12 1.4 8
f. flos-aquae 7-28 9.5-10.4 13-27 0.8-39 0.07-7.5 2-560
M. incerta 25 8.8 18 17 3.0 6
16-29 7.6-10 14-23 0.4-46 0.11-9.2 4-270
PIL. subtilis 26 9.5 15 36 0.1 360
23-28 8.8-10 14-16 43-54 0.08-0.1 300—> 1000
Pl. contorta 25 8.6 17 38 0.3 140
19-28 7.6—10 14-24 0.5-79 0.08-0.8 2-600
C. raciborski 20 8.9 19 103 0.01 > 1000
17-25 8.7-9.4 16-20 0.4-255 i-0.01 > 1000
C. meneghiniana 15 8.9 14 240 11.1 22 37 3
11-23 8.1-9.4 10-20 0.2-885 0.14-50.4 2-1000 0.2-127 1-150
N. palea 25 9.2 16 49 1.3 39 110 87
18-29 8-10.4 9-23 1.0-150 0.01-9.2 5—->1000 27.7-207 70—> 1000
N. palea var. 19 8.8 17 67 3.0 22 87 29
tenuirostris 8-28 7.9-9.8 9-24 3.9-219 0.01-16.4 4—>1000 27.7-187 20—> 1000
N. palea var. 2 8.7 17 39 0.4 110 98 281
debilis 18-27 7.6-9.9 14-24 0.5-84 0.13-0.8 2-600 2.5-181 150-> 1000
N. gracilis 11 8.8 17 167 1.7 98 124 73
6-15 8-9.5 13-20 101-219 0.02-7.5 250-1000 94-189 60—> 1000
Cr. erosa 17 8.8 18 106 5.9 18
7-26 7.6-9.8 14-38 1.5-415 0.01-32.7 0.4—->1000
Rh. lacustris var. 18 8.6 18 71 2.4 30
nannoplanctica 8-30 7.6-9.4 14-23 0.5-255 0.01-16.4 2—>1000
M. contortum 15 9.0 16 56 3.7 15
8-19 8.3-10.4 10-20 6.6-134 0.01-25.2 4—->1000
Sc. acuminatus 21 9:3 16 39 3.8 10
17-27 8.3-10.4 9-24 0.5-150 0.06-18.1 4-270
Sc. quadricauda 23 8.9 17 16 1.0 17
17-28 7.6-10.4 11-27 0.5-66 0.06-4.7 2-500
Chlamydomonas 19 9.5 17 81 5.6 14
spp- 7-29 8.5-10.4 10-23 0.3-415 0.07-32.7 3-560
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Among diatoms a seasonal segregation was ob-
served. Cyclotella meneghiniana was more abun-
dant early in the year, whereas Nitzschia species
appeared during summer and autumn. All of them
developed under periods of high to moderate
water renewal or changes in the lake water level.
The highest percentage of Cyclotella meneghiniana
within the algal abundance occurred in Septem-
ber 1982 (309, at point 1) and April 1988 (32%,
and 469, at points 1 and 3 resp.) coincidental
with water renewal due to rainfall. In 1985 and
1987, Nitzschia palea, N. palea var. tenuirostris and
N. palea var. debilis developed between June and
August (Fig. 2), during changes in the lake water
level as a consequence of blocking of the outlet
channels with sediments and water flux received
into the lake from the ricefields.

The periods of maximum populations for
N. palea var. tenuirostris and N. palea var. debilis
in general did not overlap (Figs 2-3). The three
N. palea forms appear to differ in nutrient require-
ments. N. palea var. tenuirostris had its peaks dur-
ing the highest nutrient levels and the lowest tem-
perature, while N. palea var. debilis occurred at
the lowest nutrient concentrations (Table 3). The
inverse relationship of N. palea and N. palea var.
tenuirostris with underwater light climate (Table 2)
was probably due to the increase in water turbid-
ity during the periods of water renovation.
N. palea mainly occurred in summer, tolerating
slightly higher temperatures and intermediate nu-
trient levels than the aforementioned Nitzschia
(Table 3). In contrast to the other diatoms,
Nitzschia gracilis had an autumn-winter distribu-
tion (Figs 2-3). It grew at temperatures below
15 °C, with an average nitrogen concentration
2—4 times higher than the above cited Nitzschia.
In contrast to Cyclotella meneghiniana, no signif-
icant relationship between Nitzschia species den-
sity and silica were found (Table 2). The silicate
to phosphate ratio for pennate diatoms in the
Albufera (Si:P =30-280) was much higher than
that for Cyclotella meneghiniana (Si:P = 3). C. me-
neghiniana was the diatom with the highest nitro-
gen and phosphate levels, but the lowest silicate

concentrations during its growth in the lake
(Table 3).

Cryptomonas erosa and Rhodomonas lacustris
var. nannoplanctica showed similar seasonality,
although the maximum populations were not
always concordant (Fig. 2). One or two annual
increases were recorded, which occurred mainly
between October and January. The abundance of
both algae were inversely related to underwater
light climate (Table 2). Both cryptophytes showed
the highest percentage of the algal assemblage on
one sampling date at point 3 (up to 9% of the
algal density).

The Monoraphidium contortum growth period,
as well as those of the other three more abundant
and frequent Monoraphidium in the Albufera
(M. minutum, M. arcuatum and M. griffithii), were
attained during autumn and winter months
(Fig. 2), under low temperatures (6—15 °C) and
irradiance (Tables 2—3) and moderate to high tur-
bulence, which allowed these species suspension
in the water column.

The green-algae Scenedesmus acuminatus and
Sc. quadricauda had similar annual and seasonal
patterns, appearing mainly in spring and autumn
(Fig. 2). Sc. acuminatus achieved its highest con-
tribution to algal biomass and density in April
1985 (31% and 11%, respectively). The maximum
populations of these algae occurred under a wide
range of nutrient levels, but better developed
under low N:P ratios (Tables 2-3). In compari-
son, Chlamydomonas spp. prolonged its growth
period from spring to early summer. Similarly as
flagellate cryptophytes, Chlamydomonas spp. de-
veloped during periods of water stability and were
inversely related to underwater light intensity
(Table 2).

The general seasonal pattern for the abundance
of the phytoplankton species of the Albufera of
Valencia can be summarized as follows (Fig. 3):
vernal phytoplankton was dominated by Plank-
tothrix agardhii (Romo & Miracle, 1993) but in
early spring, during the period of high water re-
newal and nutrient loading (especially phos-
phate), the centric diatom Cyclotella meneghiniana
also represented important percentages (46—15%,
of the total phytoplankton abundance). At the
onset of water stabilisation after the closing of the
sluices, the periodicity of subdominant species




shifted to Scenedesmus and Chlamydomonas spp.
Their populations were lower than those of
Cyclotella meneghiniana, represented each up 11%,
of the total abundance. In summer and early au-
tumn, phytoplankton was dominated by the slen-
der filamentous cyanophyte Geitlerinema sp. At
this time, the prolonged water retention and nu-
trient depletion, led to a greater presence of blue-
green algae and in some periods of changes in the
water level also of Nitzschia species. These latter
also developed in September—October, during the
drainage of ricefields. Water stability of mid-
summer selected in favour of coccal blue-green
algal species, and in periods of steep nitrogen
depletion of N,-fixing species, such as Adnabaenop-
sis elenkinii. In 1987, when phosphate levels were
severely reduced in late summer but nitrate con-
centrations were high, Planktolyngbya taxa be-
came dominant in the lake (80-909% of total
abundance). Finally, in late autumn periodicity
progressed towards the dominance of Pseudana-
baena galeata, and in winter also of Planktothrix
agardhii. The subdominant species at these sea-
sons were Monoraphidium contortum, Nitzschia
gracilis, Cryptomonas erosa and Rhodomonas
lacustris var. nannoplanctica. The populations of
each of these species represented up 109, of the
total algal density. Their density was mainly
related to temperature and irradiance.

Discussion

Similarly as has been reported in other hyper-
trophic and eutrophic lakes (Sommer, 1989;
Horne & Commins, 1989), horizontal differences
in the populations dynamics of the phytoplankton
species of the Albufera of Valencia were less pro-
nounced than annual and seasonal changes.
The factors regulating the recession pattern of
Anabaenopsis elenkinii, Scenedesmus acuminatus,
Scenedesmus quadricauda and Cyclotella me-
neghiniana, and the increase of Planktolyngbya
species, Cylindrospermopsis raciborskii, Microcys-
tis incerta, Nitzschia palea var. tenuirostris and
Rhodomonas lacustris var. nannoplanctica from
1980 to 1988, could be related to the progressive
rise of nitrogen and phosphorus loading in the
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lake and the hydrological events occurred in 1987
and 1988. The higher presence of Plankiolyngbya
subtilis, PI. contorta and Cylindrospermopsis raci-
borskii in the lake during the latter years coincided
with a rise of the N:P ratio followed by quiescence
of the water, which agrees with the conditions
described for the development of these species
(Harris, 1986; Toth & Padisak, 1986). Similarly
to that reported by Gross & Pfiester (1988),
Planktolyngbya subtilis and PI. contorta co-occur-
ring in the Albufera under alike environmental
conditions. Despite the fact that Cylindrospermop-
sis raciborskii is generally considered a tropical
species (Horecka & Komarek, 1979), it has been
cited as a planktonic algae in the summer and
autumn phytoplankton of some lakes and reser-
voirs of Czechoslovakia and Greece (Hindak,
1988; Hindak & Moustaka, 1988), together with
an algal assemblage composed of similar filamen-
tous species to those of the Albufera. Moreover,
Toth & Padisak (1986) also observed in a shal-
low eutrophic lake, the development of Cylin-
drospermopsis raciborskii after the increase of
Planktolyngbya subtilis.

The seasonal variation found between Ana-
baenopsis elenkinii and the Microcystis species
confirms Reynolds’s (1984) observations that the
N,-fixing species, such as A. elenkinii, prevailed
under higher water stability but lower phosphate
concentrations than Microcystis species. This pat-
tern could be also related to the opposite annual
trends observed between A. elenkinii and Micro-
cystis incerta. The development of colonial coccal
blue-green algae at the sampling point 2 and
during periods of low water renewal, agree with
the buoyancy advantage of these taxa against sed-
imentation (Reynolds, 1984) and the influence on
their populations of losses during periods of water
renovation (Paerl et al., 1983).

The annual trend to decrease of Senedesmus
from 1983 onwards seems unexplained by the
arguments of a reduction in the underwater light
climate (Loogman et al., 1980; Van Liere & Mur,
1980) and CO, availability (Shapiro, 1989), since
no differences between irradiance and pH values
were found between the two periods. The similar
periodicity of Sc. acuminatus and Sc. quadricauda
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agrees with the homogeneous physiological fea-
tures described in this genus (Kessler, 1982). It
seems unlikely that nutrients have limited the
growth of these chlorophytes, due to they are
able to consume organic substances (Soeder &
Hegewald, 1988). The optimun growth tempera-
ture of Sc. quadricauda below 30 °C (Moss,
1973), and the high sedimentation rates of these
taxa (Reynolds, 1984) could be against the pres-
ence of them in summer, during prolonged water
stability and high temperatures. A changing en-
vironment seems also to favour their develop-
ment (Padisak & Téth, 1991).

It is interesting to note that the composition of
diatoms in the Albufera was different to that usu-
ally described in other shallow hypertrophic lakes
of Europe (Gibson etal, 1971; Moed &
Hoogveld, 1982; Klapwijk, 1987). In these lakes,
centric diatoms, such as Melosira or Stephanodis-
cus are the most representative taxa, whereas the
Nitzschia species are scarcely present. The diatom
flora of the surrounding ecosystems could account
for this discrepancy, since most of the identified
Diatom species in the Albufera have also been
reported, sometimes with high density, at the sur-
rounding ricefields and drainage ditches (Soria
etal., 1991). The seasonal pattern of Cyclotella
meneghiniana and the Nitzschia taxa in the lake
seems mainly influenced by silicate and phosphate
levels and turbulence. Cyclotella meneghiniana
appeared under much higher phosphate but lower
silica levels than Nitzschia species, which agree
with the studies on competition between these
taxa (Tilman, 1982; Grover, 1989). However, the
causes of the annual decreasing trend of Cyclo-
tella meneghiniana remains unknown and perhaps
is related to the increasing dominance of blue-
green algae in the lake (allelopathy: Irwin, 1978;
competition: Tilman ez al., 1986). For the three
Nitzschia palea forms the hypothesis of Smith &
Kalff (1986) was confirmed, the average Si:P ratio
being inversely proportional to their cell size.

The inverse relationship found in the lake be-
tween Cryptomonas erosa and irradiance is in
accordance with the experimental observations of
Morgan & Kalff (1979). The nutrient conditions
observed for this species and Rhodomonas lacus-

tris var. nannoplanctica were different to that de-
scribed in other lakes (Sommer, 1982; May, 1987;
Rojo, 1990), adding more controversy to the
understanding of the abiotic requirements of these
algae (Lund, 1962).

For the winter species, Monoraphidium contor-
tum and Nitzschia gracilis, the main factors regu-
lating their density were temperature and irradi-
ance, which agree with the variables claimed to be
the most important for their growth (Partzsch,
1987; Alvarez-Cobelas, 1991).

Although zooplankton grazing on the popula-
tions of Monoraphidium contortum, Scenedesmus
acuminatus, Scenedesmus quadricauda, Cryptomo-
nas erosa and Rhodomonas lacustris var. nanno-
planktica was not regarded in this study, the zoo-
plankton composition of the lake (Alfonso &
Miracle, 1988; Oltra & Miracle, 1991) could have
also influenced these species dynamics (Lund,
1962; May, 1987; Sommer, 1989).

Despite the fact that the phytoplankton assem-
blage of the Albufera of Valencia is characteris-
tic of a very shallow hypertrophic lake (sensu
Reynolds, 1984), the general seasonal variation
observed for the abundant non-dominant species
remains similar to that described in other tem-
perate lakes (Hutchinson, 1967; Sommer et al.,
1986).
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