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Phytoplankton and environmental variables were studied during a year in a shallow eutrophic lake and its
inflow in the ‘depressed Pampa’ of Argentina. The taxa were classified according to the competitors,
stress tolerators, ruderals and intermediate categories (CSR) model and were allocated to morpho-
functional groups (MFG). As was expected according to the trophic state, scarce transparency and
mixing condition, the R-strategists (several cyanobacteria and pennate diatoms) dominated almost all of
the study period. C-strategists were more scarce and favoured by short periods of transparency, whereas
only three species were attributed to the S-strategist category. Each MFG was represented by a single
species at a time, resulting in a high functional miscellany in this shallow lake. Thus, we can assume that
the CSR approach is a useful tool to explain the success of the different species of phytoplankton in this
shallow lake.
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MFG morpho-functional groups

Introduction

In recent decades several studies (Izaguirre et al.
1991; Izaguirre & Vinocur 1994; Claps et al. 2002)
have analysed the plankton of San Miguel del
Monte Lake, situated in the eastern-central portion
of Argentina. The phytoplankton of this shallow
lake is typical of a eutrophic-mesotrophic environ-
ment (Gabellone & Gomez 1998; Gabellone et al.
2002) with a dominance of cyanobacteria and
chlorophytes (Solari et al. 2003). The influence of
the Salado River water level on related shallow
lakes was described by Gabellone et al. (2001,
2002). In their opinion, the variable direction of
flow, characteristic of this region of the basin,
determines the inputs of inocula from the El Totoral
Stream or from the Salado River, into San Miguel

del Monte Lake. For this reason, changes in
phytoplankton biovolume and abundance over
space and time were analysed in three sectors of
San Miguel del Monte Lake along the main axis of
the lake. The general aim of this investigation is to
use the competitors, stress tolerators, ruderals and
intermediate categories (CSR) functional classi-
fication and the morpho-functional group (MFG)
approach in order to interpret the temporal
dynamics of phytoplankton considering the influ-
ence of the environmental variables, particularly
those related to hydrological and meteorological
variations relevant at this river-connected lake.

Certain strategic mechanisms of the species of
phytoplankton have evolved, each involving adap-
tations of cell morphology and physiology that
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equip them to survive under various combinations
of low- or high-nutrient conditions and low or high
physical disturbance (Reynolds 1988a). Salmaso &
Padisák (2007) pointed out that phytoplanktonic
life strategies are strongly related to an individual’s
geometrical dimensions and shape, since these
morphologic characteristics influence physical and
biological properties as different as sinking and
growth rates, efficiency of nutrient and light
utilisation, and susceptibility to grazing. The result-
ing classification of such adaptive strategies is then
based on the degree of tolerance to environmental
conditions and on the species’ response to nutrient
concentrations and hydraulic disturbances. Reyn-
olds, in turn, identified three primary strategies
among phytoplankton species based on Grime’s
CSR-triangle model for terrestrial plants (Reynolds
1988a, 1997). The ecological differences among
these strategists lie in their degree of tolerance to
stress (i.e. S-stress tolerators are adapted to nutrient
scarcity) or to disturbance (i.e. R-ruderals support
loss of biomass by flushing or destruction by long
periods of darkness). C-strategists are characterised
by rapid growth under favourable conditions of
high nutrient concentration and stratification. Sev-
eral authors, including Reynolds, have recognised
intermediate examples among these three main
strategies (Reynolds 1988a; Dos Santos & Calijuri
1998; Kruk et al. 2002; Bonilla et al. 2005). The
MFG approach, besides morphological character-
istics, incorporates other physiological characters
and environmental preferences by segregating the
species of similar morphology and ecology into 31
morpho-functional groups (Reynolds 1997, 2006;
Reynolds et al. 2002; Padisák et al. 2009).

In shallow lakes, periodic meteorologic (e.g.
rainfalls and storms) and hydrologic events (e.g.
floods) cause large temporal and spatial variations
in phytoplankton structure and dynamics as a
result of changes in nutrient concentrations and
transparency which these perturbations may induce
(Reynolds 1988a; Salmaso 2003; Bonilla et al.
2005). Many environmental conditions, such as
variations in the day length, insolation intensity,
temperature, hydraulic resistance to wind mixing
and rainfall fluctuate seasonally in temperate lakes,
influencing both flushing and nutrient-loading rates

(Reynolds 1984, 1990). This seasonal variability
drives the notable periodic variations in the struc-
ture of the phytoplankton. Individual species
become selected on the basis of their strategic
adaptations so that, at any given time, any one of
the C-, S-, or R-strategists would be selectively
favoured and then become dominant. Constantly
mixed nutrient-rich lakes are dominated by
R-strategists, while those that alternate between
constant mixing and stratification periods would be
dominated alternatively by R- or C-strategists
(Reynolds 1988a). On the other hand, Reynolds
et al. (2002) and Padisák et al. (2009) recognised a
great number of MFGs (C, D, F, H1, J, K, M, MP,
SN, S1, S2, X1 and X2) as characteristic of mixed
shallow meso-eutrophic lakes. We therefore
expected that in this frequently mixed nutrient-
rich shallow lake the R-strategists and some of the
above mentioned MFGs, which are favoured by
these environmental traits, would predominate
almost all of the time.

Materials and methods

San Miguel del Monte is a small shallow lake with
an area of 665 ha and a mean depth of about 1.3 m
located in the so-called ‘depressed Pampa’ of the
lower basin of the Salado River at 35°27′S, 58°48′W
(Dangavs 1973). The lake receives flow from the El
Totoral Stream (21.5 km long) which, in turn, drains
an extensive agricultural and cattle-breeding area
and has been permanently colonised by submerged,
emergent and floating macrophytes. Although the
normal outflow of San Miguel del Monte Lake is
regulated by a gate, whenever the Salado River
overflows this lake receives the river’s water from
backflow through Las Perdices Lake because of the
minimal slope of the terrain (Fig. 1). The lake acts as
effluent in December, January, July and August and
as influent in June (Claps et al. 2004) (Fig. 1). This
region has a temperate humid climate with a mean
annual precipitation of 890 mm and a mean annual
temperature of 15.7 °C (Gabellone et al. 2005).

Replicate samples of phytoplankton were col-
lected monthly from September 1997 through
August 1998 (except in May, due to flooding of
the Salado River). The sampling stations were
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located in the inflow El Totoral Stream (S1), in the
deepest part of the lake (S2) and near the connect-
ing gate with Las Perdices Lake (S3). Water
samples for phytoplankton, chlorophyll-a and
chemical analyses were taken with a suction pump
at all the sampling stations. At S2, samples were
obtained at 0.30 m intervals from the bottom to the
surface and the 4–6 samples (according to hydro-
metric level) integrated. At S1 and S3 only subsur-
face samples were taken. Physical and chemical
parameters (pH, temperature, conductivity, dis-
solved oxygen concentration [DO] and turbidity)
were measured in situ with a Horiba U-10 multi-
meter. Transparency was estimated with a Secchi
disk. Chemical analyses were performed following
the APHAmethods (APHA 1995). Soluble reactive
phosphorus (SRP) and total phosphorus (TP) were
measured by the ascorbic acid method, the latter
with a previous acid digestion. Nitrates plus nitrites
were determined by the hydrazine reduction pro-
cedure. Dissolved polyphenols (DPPs) were meas-
ured according to method 5550 B as an estimation
of allelopathic substances produced by macro-
phytes (Gross & Sütfeld 1994). Chlorophyll-a and
pheopigment concentrations were extracted with

90% acetone and measured spectrophotometrically
on Whatmann GF/C filters, the latter after acidi-
fication with 0.1N HCl (APHA 1995).

The phytoplankton samples were preserved
with 1% (w/v) acetic Lugol’s iodine solution and
algal unit counts performed according to Utermöhl
(1958). The organisms (cells, colonies, cenobia
and filaments) were enumerated in chambers of
5 or 10 ml that were left for sedimentation for at
least 24 h. The diversity of the phytoplankton
community was estimated according to the
Shannon-Wiener index. A minimum of 10 to
20 individuals of more relevant species were
measured to calculate the biovolume (mm3 L−1)
by applying the formulas for solid geometric
figures according to Lewis (1976), Wetzel &
Likens (1991) and Hillebrand et al. (1999).
Then, the maximum linear dimension (MLD),
surface area (SA) and volume (V) of each taxon
were obtained and the ratio of surface area to
volume (SA/V) of individual units (cells, fila-
ments or colonies) was calculated.

The taxa were classified according to Reyn-
olds (1988a, 1996, 1997) into CSR categories,
following a deductive approach on the basis of
their morphometric characteristics (Salmaso &
Padisák 2007). The categorisation of strategists
was made from a 2-D biplot based on maximum
linear dimension and SA/V ratio. Species with a
biovolume greater than 20% in any sampling were
considered.

We chose to extend the lines drawn by Reyn-
olds (1996) in an attempt to accommodate small
taxa not included in Reynolds’ scheme. Species
that lay near the dividing lines were assigned to
the intermediate categories (CR and SR). Each
species was assigned to the corresponding MFG
according to Padisák et al. (2009) and Reynolds
et al. (2002).

Linear methods were chosen because the
longest gradient in the detrended correspondence
analysis (DCA) performed was lower than three
standard errors (ter Braak & Smilauer 2002).
Therefore, a redundancy analysis (RDA) was
performed in order to determine which environ-
mental variables were associated with the occur-
rence of algal strategies. A subset of variables was

Figure 1 Location of San Miguel del Monte Lake, sho-
wing the sampling sites: El Totoral Stream (S1), the deepest
zone of San Miguel del Monte Lake (S2) and the gate
connection with Las Perdices Lake (S3). The connection
with the Salado River is also shown in the lower left-hand
corner.
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chosen by stepwise manual selection, with only
significant variables being included; sampling
stations were set as supplementary variables. The
significance of these environmental variables was
evaluated by the Monte Carlo permutation test
(499 permutations), and variables were considered
to be significant at P < 0.05. The permutations
within each sampling station were done consider-
ing time series rules. All statistical analyses
were carried out with the CANOCO 4.5 software
(ter Braak & Smilauer 2002).

Results

Three main hydrometeorological events occurred at
SanMiguel del Monte Lake during the study period
(September 1997 to August 1998). The first incr-
ease in the water level, during October and Novem-
ber, was accompanied by a sudden decrease in
conductivity in S1 (the inflow). The second, in
December, was an extraordinary peak of local
rainfall (330 mm), and the third, in May, produced
a backflow of water from Las Perdices Lake

through the connecting gate (S3). The development
of the submerged macrophyte Stuckenia pectinata
(L.) Böerner began in November in a restricted
sector and then spread to the whole lake by March.
This progressive growth led to an increase in the
water transparency (to 0.70 m) by the end of the
summer (Fig. 2).

The water of the lake was alkaline (mean pH
values 9.2), whereas that of the stream varied from
slightly acid to neutral. The maximum conductiv-
ity value in the lake was recorded at the beginning
of the sampling period (2500 µS cm−1 at both S2
and S3), and then declined towards the end of
the study (1210 at S2 and 1410 µS cm−1 at S3).
A similar, but more striking, trend was recorded at
S1 in the stream (Fig. 3). The mean values for the
DO were higher at the sampling sites in the lake
than at S1. Nitrates plus nitrites showed a similar
trend at the three sampling stations, with some
higher values at S3 (November and June). The
mean values for the SRP concentration, however,
though similar at both S2 and S3, reached more
than double at S1. A similar trend was found for

Figure 2 Monthly variations in local rainfall (white bars), water level (solid line) and Secchi disk depth (black
circles) at S2. The distance from the water line to the black circles symbol represents the Secchi depths. The period
of submerged macrophyte development is represented by the horizontal bar. Exceptional water inflows are also
shown.
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Figure 3 Annual variation in nitrate plus nitrites (NO3+NO2; µg L−1), soluble reactive phosphorus (SRP; µg L−1),
dissolved polyphenols (DPPs; mg L−1), pH, conductivity (µS cm−1) and dissolved oxygen concentration (DO; mg L−1)
at the sampling sites.

Life strategists and morpho-functional groups 5

D
ow

nl
oa

de
d 

by
 [

M
ar

ía
 E

lic
ia

 M
ac

 D
on

ag
h]

 a
t 0

5:
25

 1
5 

Se
pt

em
be

r 
20

14
 



the concentrations of DPPs (Fig. 3). Mean tem-
perature values were similar at the three sampling
sites (Table 1) and the temperature profile was
almost uniform (Fig. 4).

A total of 267 species were recorded: 47
Cyanobacteria, 102 Chlorophyceae, 70 Bacillario-
phyceae, 44 Euglenophyceae, two Cryptophyceae
and two Dinophyceae. At S2 and S3 the total
species richness was high and similar (157 and
141 respectively), whereas S1 had fewer species
(87). The maximum phytoplankton density was
recorded in March at S3 (92,969 ind ml−1), while
the minimum value occurred in April at S1 (1064
ind ml−1). The biovolume ranged between 105.65
(S3, in September) and 0.11 mm3 L−1 (S1, in
November). The phytoplankton density and bio-
volume values were always higher at S2 and S3
than at S1 (Fig. 5). The chlorophyll-a values
varied between 219 µg L−1 at S2 (in September)
and 6 µg L−1 at S1 (in April), and the species
diversity ranged from 1.28 (S3 in October) to 4.45
(S2 in January) with a mean value of 2.96 for the
overall shallow lake (Table 1).T
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Figure 4 Temperature profile during the study period
at S2 (September: black diamond; October: black squ-
are; November: white triangle; December: black ellipse;
January: black rectangle; February: black circle; March:
white ellipse; April: white rectangle; June: white circle;
July: white diamond; August: white square).
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The highest diversity values at S1 were
recorded in September (3.70) and the lowest in
January (1.42). At the lake stations the higher
values were found in January (S2: 4.44, S3: 4.05)
following the December peak in local rainfall and
in June (S2: 4.45, S3: 3.8) after the May flooding
(Table 1, Fig. 2). Cyanobacteria were the domin-
ant group on several occasions, reaching values
above 50% of biovolume (Fig. 6). Among fila-
mentous species the most important were Raphi-
diopsis mediterranea and Oscillatoria tenuis. The
former dominated at S2 and S3 in the spring, late
summer and autumn, and at S1 at the end of the
study period. The latter attained 96% of biovo-
lume in August at S3. Some species (Spirulina
abbreviata and Microcystis pseudofilamentosa)
were only abundant at S1 during late spring and
early summer, respectively, and M. aeruginosa
from late summer to autumn. Diatoms occasion-
ally dominated in biovolume, particularly in Janu-
ary, although with some differences in species
composition at each sampling station. Cryptophy-
ceae developed at different times, both at the
inflow and at the lake stations, with the maximum

biovolume (Cryptomonas aff. erosa 56% of bio-
volume) recorded at S3 in July. Euglenophyceae
accounted for 36% of biovolume in September at
S2 (Fig. 6).

Life strategies and morpho-functional groups

Most taxa were R-strategists (ruderals) and
C-strategists (competitors), and only three species
were attributed as S-strategists (stress tolerators)
(Fig. 7). Several taxa fell into an intermediate
zone, not clearly delimited in the literature. For
example, species such as Cyclotella glomerata,
Chlamydomonas sp.1, Crucigenia tetrapedia and
Chlorella vulgaris were grouped into the category
CR (Table 2). Other species, such as Navicula
radiosa and Coelospherium kuetzingianum, were
grouped into the category RS because they fell on
the borderline.

R-strategist and RS-strategist

The R-strategist group was the most important dur-
ing this study, both in absolute and relative terms.

Figure 5 Variation in total algal density (ind mL−1) and algal biovolume (mm3 L−1) at the three sampling sites
during the study period.
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After the increase in water inflow from El Totoral
Stream (October–November) the R-strategists were
favoured and the highest biomass of phytoplankton
was directly related to their dominance during spring
at S2 and S3. At S1 the R-strategists Nodularia
spumigena, Spirulina abbreviata, Planothidium lan-
ceolatum and Cryptomonas aff. erosa along with the
RS-strategist C. kuetzingianum, prevailed, but their
proliferation was restricted to the first sampling
month. At lake stations, the dominance of R-
strategists was longer and they reached a maximum
biovolume during November (S2: 42 mm3 L−1)
and September (S3: 105 mm3 L−1) (Fig. 8). These

R-strategists were Raphidiopsis mediterranea, Nodu-
laria spumigena and Euglena spp. at S2 and S3,
plus Anabaena aphanizomenoides at S2 (Fig. 6).

During summer several R-strategist diatoms
codominated along with some RS-strategist dia-
toms. Especially in January, the RS-strategist
N. radiosa reached a biovolume of almost 70%
at S2 and 28% at S3, with other diatoms likewise
categorised as R-strategists (Cyclotella meneghini-
ana at S2 and Navicula mutica and Nitzschia
acicularis at S3) as codominants.

After the May flooding of the Salado River,
the R-strategists R. mediterranea and Cryptomonas
aff. erosa became dominant only at S1 (at
a > 90% of the total biovolume in June). The
R-strategists C. meneghiniana, C. aff. erosa,
Epithemia sorex and Entomoneis alata also prolif-
erated during that season at S2 and S3 (Figs 6, 8).

C- and CR-strategists

At different times of the year the C-strategists
(especially Monoraphidium minutum) proliferated
during short periods, coinciding with increases in
the SRP concentration. Nevertheless, these C-strat-
egist peaks did not occur coincidentally at all
sampling stations. At S2 the C-strategists were
prevalent during winter whereas this was the case at
S3 by early summer. During late summer, with lower
SRP concentrations, the CR-strategists reached their
maximum biovolume percentage (Figs 6, 8).

S-Strategist

Only three species corresponded to the category S
(Microcystis aeruginosa, Aphanocapsa delicatis-
sima and Chroococcus dispersus). The S-strate-
gists reached their higher values at S1 in early and
late summer and were mainly represented by M.
pseudofilamentosa (3.4 mg L−1) and M. aerugi-
nosa (11.15 mg L−1) respectively (at 88% of the
total biovolume) (Figs 6, 8). In all instances the
colonies found during the sampling study were
of small size (Table 2) compared to the biovo-
lumes generally recorded in shallow lakes.

Figure 6 Percent of biovolume of the main phyto-
plankton species at the three sampling sites. The
numbers refer to the list of taxa in Table 2.
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Morpho-functional groups

Considering the MFG, we found a high functional
miscellany in this shallow lake. At every sampling
occasion, each functional group found was repre-
sented by only one species (Fig. 6, Table 2).

Statistical analysis

Ordination of the plankton assemblages indicated
a pattern of algal strategies related to changes in
the selected environmental variables. The signific-
ant variables according to the Monte Carlo test
were transparency (F = 6.218, P = 0.022),
conductivity (F = 6.69, P = 0.016) and temperat-
ure (F = 4.735, P = 0.038). At the beginning of
the study period, the dominance of the R-strate-
gists was related to the low transparency and high
conductivity levels. As the temperature increased
the R-strategists diminished and the strategies
became diversified, but none of the strategic
groups predominated. From March onwards the
transparency increased and the prevalence of the
C-strategists at that time appeared to be related to
the change in this condition (Fig. 9).

Discussion

Environmental perturbations have been shown to
produce changes in plankton community structure
(Reynolds et al. 1993; Barbiero et al. 1999).
Furthermore, phytoplankton strategies are most
likely a response to environmental conditions such
as nutrient concentrations and hydraulic distur-
bances (Reynolds 1988a).

Two conditions contribute to promote a hydro-
dynamically unstable environment in San Miguel
del Monte Lake. First, the lake is shallow and is
therefore easily mixed by the wind (Dangavs
1973), especially during the cooler months. Sec-
ond, the connection with the Salado River can
cause instability due to unpredictable flooding
which does not follow a seasonal pattern (Gabel-
lone et al. 2003; Solari & Mac Donagh 2014).
These characteristics would contribute to prevent
the development of an autogenic succession from
the C-strategists to the S-strategists and would
favour the R-strategist (Reynolds 1982, 1984,
1988a). In line with these results, in a coastal
lagoon, Bonilla et al. (2005) found that pro-
nounced and frequent changes in the physical

Figure 7 C, S and R life strategies of the most representative species of phytoplankton from San Miguel del Monte
Lake as a function of morphology (MLD, maximum linear dimension; SA/V, ratio of surface area to volume). The
solid lines delimit the zone of each strategy according to Reynolds (1996); the dotted lines are a suggestion. The
species’ labels refer to the list of taxa in Table 2.
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Table 2 Main phytoplankton species of San Miguel del Monte Lake placed into functional groups following Reynolds et al (2002) and Padisák et al. (2009).

Taxa MLD (µm) SA (µm2) V (µm3) SA/V (µm−1) LS FG GS

Cyanophyta
1 Anabaena aphanizomenoides Forti 164.4 2369.9 2515.3 1.1 R H1 Ellipsoid (cells)
2 Anabaenopsis circularis (West) Wollosz. &
Miller

50.1 497.8 318.5 1.6 R H1 Ellipsoid (cells)

3 Anabaenopsis tanganyikae G.S. West 92.8 1564.7 1498.3 1.2 R H1 Ellipsoid (cells)
4 Aphanocapsa delicatissima West & West 29.1 3947.2 28278.5 0.2 S K Sphere
5 Coelosphaerium kuetzingianum Näg. 21.4 1454.4 5298.2 0.3 R-S Lo Sphere
6 Chroococcus dispersus (Keissl.) Lemm. 20.16 1142.8 6776.7 0.2 S K Ellipsoid
7 Chroococcus minutus (Kützing) Nägeli 9.6 296.7 291.3 1.3 C K Sphere
8 Merismopedia minima Beck 5.1 46.6 12.4 4.4 C Lo Rectangular box
9 Merismopedia tenuissima Lemm. 14.8 551.0 327.7 1.7 C Lo Rectangular box
10 Microcystis aeruginosa Kütz. 33.3 4482.5 37442.3 0.2 S M Sphere
11 Microcystis pseudofilamentosa W.B. Crow 35.7 4474.3 31707.4 0.2 S M Sphere
12 Nodularia spumigena Mertens. 1350.0 13394.5 24408.6 0.7 R Cylinder
13 Pseudanabaena limnetica Lemm. 66.6 475.3 317.1 2.3 R S1 Cylinder
14 Oscillatoria tenuis Agardh ex Gomont 375.9 4976.6 4774.6 1.1 R S1 Cylinder
15 Rhaphidiopsis mediterranea Skuja 149.8 1227.7 963.2 1.5 R SN Cylinder +2 cones
16 Spirulina abbreviata Lemm. 28.7 250.5 161.9 1.6 R S2 Cylinder
17 Spirulina laxissima G.S. West 64.4 313.0 127.4 2.8 R S2 cClinder
Bacillariophyceae
18 Cyclotella glomerata Bach. 7.0 78.8 124.8 0.7 C-R A Cylinder
19 Cyclotella meneghiniana Kützing. 12.4 595.1 986.0 0.7 R C Cylinder
20 Entomoneis alata Ehrenberg 48 1175 6453 0.18 S MP Elliptic prism
21 Epithemia sorex Kütz. 31.0 958.2 2429.4 0.4 R MP Ellipsoid
22 Navicula cryptocephala Kütz. 27.6 301.7 361.2 0.9 R MP Bicone
23 Navicula mutica Kütz. 27.6 465.7 726.3 0.6 R MP Ellipsoid
24 Navicula radiosa Kütz. 70.5 1640.0 4395.4 0.4 R-S MP Double cone
25 Nitzschia acicularis (Kützing) W. Smith 43.8 207.7 111.2 1.9 R D Bicone
26 Nitzschia palea (Kützing) W. Smith 31.2 190.9 144.8 1.3 R D Bicone
27 Nitzschia romana Grunow 8.8 25.5 8.5 3.0 C D Bicone
28 Planothidium lanceolatum (Brébisson ex.
Kützing) Lange-Bertalot

12.8 514.7 823.6 0.6 R TB Elliptic prism
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Table 2 (Continued)

Taxa MLD (µm) SA (µm2) V (µm3) SA/V (µm−1) LS FG GS

29 Ulnaria delicatissima (W. Smith)
M. Aboal & P.C. Silva

148 1583.4 721.4 0.9 R D Double cone

30 Ulnaria ulna (Nitzsch) P. Compère 110.0 857.8 752.2 1.1 R D Bicone
Euglenophyta
31 Euglena sp. 23.9 1174.0 4678.2 0.5 R W1 Ellipsoid
Cryptophyta
32 Cryptomonas pusilla Bachm. 13.1 284.5 466.8 0.7 R Y Ellipsoid
33 Cryptomonas aff. erosa Ehrenbg. 19.2 558.3 1229.4 0.5 R Y Ellipsoid
Chlorophyta
34 Crucigenia tetrapedia (Kirchner) Kuntze 10.1 60.8 107.6 0.5 R-C J Pyramid
35 Chlamydomonas sp.1 10.0 250.9 713.2 0.6 R-C X2 Ellipsoid
36 Chlamydomonas sp. 2 7.1 171.1 226.3 0.8 C X2 Sphere
37 Chlorella vulgaris Beij. 9.4 295.0 517.9 0.6 R-C X1 Sphere
38 Kirchneriella obesa (G.S. West) West &
G.S. West

9.8 314.1 587.8 1.0 C F Ellipsoid

39 Monoraphidium arcuatum (Korshikov)
Hindák

37.6 106.0 30.3 3.5 C X1 Bicone

40 Monoraphidium contortum (Thuret)
Komàrková-Legnerová

20.6 69.1 26.9 3.1 C X1 Bicone

41 Monoraphidium minutum (Näg.)
Kom.-Legn

10.0 77.6 40.5 2.0 C X1 Cylinder

42 Oocystis marssonii Lemm. 18.8 678.7 817.3 0.8 R F Ellipsoid
43 Oocystis parva West & West 16.9 491.2 570.7 1.1 R F Ellipsoid
44 Tetraedron minimum (Braun.) Hansg. 8.4 74.4 83.8 1.0 C X1 Pyramid

FG, functional group; GS, geometric shape; LS, life strategy; MLD, mean maximum linear dimension; SA, mean surface area; V, mean volume.
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conditions related to periods of high hydrologic
connectivity favoured the development of C- and
R-strategists. On the other hand, Unrein et al.
(2010) found that the development of S-strategist
(as N-fixing cyanobacteria) was favoured in a
river-connected lake characterised by a long
isolation time that allowed the succession. The
frequent mixing of the water column in San
Miguel del Monte Lake favoured the R-strategists
which predominated almost all of the time.
Among these strategists we found alternately
filamentous cyanobacteria and pennate diatoms,
as shown in Ryan et al. (2006), which highlights

the predominating effect of frequent mixing over
other environmental factors in selecting these
phytoplankton groups. As a result of their elon-
gated shape and high SA/V ratio (Scheffer 1998;
Havens et al. 1998; Naselli-Flores et al. 2007;
Stanca et al. 2013), these strategists take advant-
age of the well mixed water column and scarce
light conditions prevailing during periods of high
turbidity (Reynolds 1988a, 1997, 2006). Diatoms
could arise from the sediments and the periphyton
of submerged macrophytes and then be kept
in suspension by the movements of the water.
Furthermore, the development of those macro-
phytes produced a diversification of strategies as a
result of the contribution of tychoplanktonic
diatoms such as N. radiosa (RS-strategist), Nit-
zschia romana (C-strategist) and Nitzschia palea
(R-strategist).

The water backflow from Las Perdices Lake
through the gate as a result of the Salado-River
floodings favoured the entrance of an inoculum of

Figure 8 Percent biovolume of phytoplankton life
strategies at the three sampling sites during the study
period.

Figure 9 RDA triplot of environmental variables, algal
strategies and samples. Sampling stations in the RDA
were used as supplementary variables and are repre-
sented by white triangles at the centre of the corre-
sponding spatial distributions. Months are correlatively
enumerated. (1 to 11) from September 1997 through
August 1998, except May due to flooding of the Salado
River.
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Cryptomonas spp. populations which were abund-
ant in the Salado River by this time (Neschuck
et al. 2002). The Cryptophyceae have been
characterised by their ability to withstand dilution
effects during flood pulses of rivers and to tolerate
variable conditions of mixing intensity and light
climate, achieving high density populations at
flooding areas (García de Emiliani & Devercelli
2003). They have also been shown to be charac-
teristic of turbulent environments (Dokulil
1984; Reynolds 1988a,b; Barbiero et al. 1999).
Cryptomonas spp. and Oscillatoria tenuis–like-
wise both R-strategists–were favoured by that
flooding and were prevalent in winter, probably
outcompeting other species on the basis of their
superior light-harvesting properties and high
photosynthetic efficiencies (Reynolds 1988b).

The hydraulic disturbances that occurred
adversely affected the largest colonial cyanobac-
teria (i.e. S-strategists), since this group is known
for its inability to grow in turbulent or frequently
mixed systems (Garnier et al. 1995). The failure to
find algae with a low SA/V ratio could be
interpreted as indicating that the prevailing envir-
onmental conditions were unfavourable for the
S-strategists in this lake, due to frequent distur-
bances and low grazing pressure. According to
Claps et al. (2004), the zooplankton biomass of
this shallow lake (mainly attributable to small
Cladocera and Copepoda) was found to be
positively correlated with chlorophyll-a concen-
trations. Even the colonies of the cyanobacteria,
such as Microcystis aeruginosa and Chroococcus
dispersus found during this study had an SA/V
ratio in the range of 0.20 to 0.23 µm−1 whereas,
according to the literature, large colonies of M.
aeruginosa can usually attain SA/V ratios of
around 0.03 µm−1 (Reynolds 1984, 1988a).
Accordingly, in our biplot of life strategies, the
high proportion of species of very small size
(MLD between 7 and 15 µm and an SA/V ratio
between 0.2 and 1 µm−1) is notable. It is likely
these algae of small size found a favourable
environment in the lake, at least for short periods,
after the disturbances (Happey-Wood 1988).

The S-strategists M. aeruginosa and M. pseu-
dofilamentosa were recorded mainly in the inflow

stream–probably because of the high input of
organic matter washed in from the basin but not
as a result of stress from nutritional limitation. The
high DPPs concentration recorded at S1 could also
have acted as a stress factor for phytoplankton
development (Gross & Sütfeld 1994). In addition
to these S-strategists characteristic of S1, we
found several species tolerant to stress conditions
that were not included among the S-strategists by
morphological criteria–Synechococcus elongatus
and Spirulina abbreviata–which, due to their small
size and low SA/V ratio, could be categorised as
C- and R-strategists, respectively. Nevertheless,
these algae had been described as tolerant to water
polluted with organic matter (Geitler 1932;
Kómárek & Anagnostidis 2005).

Since the environmental conditions favoured
the R-strategists almost all of the time, and
because that group tolerates its own shading
effect, the C-strategists’ development was prob-
ably limited because of their high light require-
ments (Happey-Wood 1988; Reynolds 1997).
C-strategists were scarce, though the RDA
revealed that they were probably favoured by the
short period of transparency increase and the
lower conductivities and temperatures. In agree-
ment with Melo & Huszar (2000), the scarcity of
S-strategists and the dominance of mixing-
dependent species (R-strategists) and of flushing-
tolerant invasive nano-algae (C-strategists) could
show that environmental physical properties are
the strongest determinants of the phytoplankton
dynamics in shallow and high-flushing lakes in
detriment of grazing or nutrient effects.

According to the RDA presented here, trans-
parency and conductivity were the two variables
that best explained the life-strategy variations in
this lake. The former could be related to biological
influences since transparency is directly condi-
tioned by phytoplanktonic density and indirectly
promoted by macrophyte development. Even
though the extent of macrophyte cover throughout
the study period was not measured, the spatial
ordination of the samples in the RDA indicated an
environmental shift between the conditions prior
to and following the development of macrophytes
during the summer. Similar trends have been
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recorded in another shallow lake of the region,
where short periods of macrophyte development
induced changes in phytoplankton composition
that continued after an environmental shift,
whether the high biomass of macrophytes per-
sisted or not (Cano et al. 2008; Casco et al. 2009).
The second variable distinguished by the analysis–
conductivity–indicated that the changes in that
variable resulting from the inflow of water from
different sources played a key role in determining
the structure of the phytoplankton community.

The heavy rainfall of December and the
flooding in May could be interpreted as distur-
bances because of the unpredictability involved,
since those perturbations caused abrupt differences
in the species composition (Flöder & Sommer
1999). The highest values of species diversity at
the lake sampling stations were registered after the
occurrence of those principal disturbances. How-
ever, the higher diversities observed after the
flooding event could be the result of the entrance
of inocula from other aquatic systems (Devercelli
& O’Farrell 2013) and the possibility of a coex-
istence of species with different strategists during
these periods. In contrast, the water inflow from
S1 in October did not affect the diversity of the
phytoplankton at the lake stations, probably
related to the small catchment that this inflow
drains, in comparison with that of the Salado
River. These results agree with the proposal of
Ward & Tockner (2001) that, in the lentic patches
located within river corridors, species diversity
would be at a maximum when those areas became
connected with other ecosystems through some
intermediate level of hydrologic disturbance.

A high functional diversity in this shallow lake
was found according to the MFG of Reynolds
et al. (2002). The main species found at the
different sampling dates belong to different func-
tional groups; thus, we do not believe that, in this
case, this approach can be conveniently applied as
a way of simplifying phytoplankton patterns.
Instead, it could be useful in order to recognise
the most important ecological traits in this lake.
The environment characteristics preferred by sev-
eral groups are the mixing of the water column
(S1, SN, F, J and MP), the meso or eutrophic

conditions (X1, X2, F, J, K, H1 and M) and the
turbidity of water (D, MP, S1). A few groups are
related to particular environmental traits, such as
high organic matter concentration (W1) and alka-
linity (S2). On the other hand, group Y can be
found under a broad range of environmental
conditions and, as such, cannot be used in order
to characterise the environment (Reynolds et al.
2002; Padisák et al. 2009).

According to the limiting concentrations estab-
lished by Reynolds (2006) DRP was below 6 ug
L−1 only in November at S2 and S3 while
nitrogen concentrations were under 100 ug L−1

at the end of the study period (July S1, August S1
and S2). However, as ammonia concentrations
were not measured, the fact that environmental
nitrogen concentration was really limiting cannot
be confirmed. Nitrogen-fixing cyanobacteria were
recorded at the onset of the study period at the
three stations, but did not persist beyond October.
This fact could be related to the low Secchi values
by this time, and to the depletion of DRP in
November (S2 and S1). Nitrogen-fixing cyano-
bacteria require good light availability and high
phosphorus concentrations due to their elevated
metabolic cost. Furthermore, their growth can be
inhibited by mixing, as was explained by de
Tezanos Pinto & Litchman (2010). In agreement
with Izaguirre et al. (2012), heterocysts in the
filamentous dominant Raphidiopsis mediterranea
were not observed, probably because its nitrogen
requirements were satisfied.

Biological influences, such as macrophyte
colonisation, affect the proportion of different life
strategists because they create new conditions that
indirectly influence the composition of the phyto-
plankton (Scheffer 1998). It is likely that many
factors, such as the presence of submerged
macrophytes and periphitic algae, inocula and
water inputs, or changes in conductivity, contrib-
uted to the different assortments of life strategists
and MFGs observed during this study. Moreover,
according to the nature of the disturbance, differ-
ent life strategies were favoured during short
periods after each of the hydrometeorological
events. Therefore, their influence in the phyto-
plankton structure cannot be generalised.
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