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Photosynthetic picoplankton in Argentina lakes
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Abstract: This article provides an overview of the studies on photosynthetic picoplankton (PPP) carried
out in water bodies from different latitudes of Argentina, including Patagonian lakes and shallow lakes
from the Chaco-Pampean Plain Region. The PPP of the different aquatic systems: shallow and deep lakes,
turbid and transparent water bodies, and lakes with contrasting trophic state are characterized. We focus
our attention on light intensity as the major axes of niche differentiation in Pcy. We present examples
regarding the distribution of distinct Pcy ecotypes adapted to high- and low-light intensities at different
depths in the water column of deep and shallow transparent lakes. In ultraoligotrophic Patagonian lakes
phycoerythrin (PE)-rich picocyanobacteria (Pcy) are dominant, whereas eutrophic and hypertrophic
shallow lakes from the Pampa Plain present a wide range of PPP abundances dominated by phycocyanin
(PC)-rich Pcy. The relevance of the depth of the euphotic layer and nutrient concentration as the main
abiotic features explaining the variability encountered are discussed. The PPP from eutrophic shallow
lakes and relict oxbow lakes from wetlands from the Lower Parand Basin are mainly represented by PC-
rich Pcy, and Peuk in a lesser extent. Changes in the free-floating plants coverage were found to play a
crucial role in structuring the PPP, and on the other hand, there is evidence of a negative relation between
the PPP abundance and the hydrometric level. For different aquatic systems the PPP populations are
compared by means of the patterns resulting from the flow cytometry analyses.
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Introduction

Photosynthetic picoplankton (PPP) includes small prokaryotic picocyanobacteria (Pcy) and
picoeukaryotic phototrophs (Peuk), whose cell-size are in the range 0.2 to 2 um. Another
component of PPP, only restricted to anoxic or poorly oxygenated waters, are the anoxygenic
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anaerobic photosynthetic bacteria (AnAnPB), which were also reported as very abundant in
anoxic environments (e.g. Casamayor et al. 2007, Izaguirre et al. 2010).

PPP are distributed worldwide and are ubiquitous in all types of lakes and oceans of vary-
ing trophic states (Callieri 2008 and cites therein). Their great importance in the pelagic food
webs has been largely documented (Stockner & Porter 1988, Weisse 1993, Voros et al. 1998,
Callieri & Stockner 2002, Drakare 2002), and now it is widely recognized that this fraction is
the major contributor to the carbon flow in many aquatic systems, particularly in oligotrophic
waters (Agawin et al. 2000, Bell & Kalff 2001, Richardson & Jackson 2007). Their contri-
bution to total carbon production has been estimated ranging from 16 to 80% for different
freshwater systems (Nagata et al. 1994, Steitz & Velimirov 1999, Greisberger et al. 2007).

The PPP structure in lakes is regulated by different factors, which were discussed by Cal-
lieri (2008) in her review on picophytoplankton. Among them, the most important are trophic
state, thermal regime, hydrological retention time, nutrients, light conditions, lake morpho-
metry and biotic interactions. In relation to the trophic state, many studies have shown that
whereas PPP abundance and biomass increase with rising nutrient content, their contribu-
tion to total phytoplankton biomass and production decreases following the same gradient
(Sgndergaard 1991, Stockner 1991, Weisse 1993, Sommaruga & Robarts 1997, Bell & Kalff
2001). Differences in the trophic state among lakes also determine differences in their light
climate conditions, which in turn have been shown to influence the PPP pigment compo-
sition. Phycocyanin (PC)-rich Pcy are usually dominant in eutrophic shallow lakes where
red light prevails, whereas phycoerythrin (PE)-rich Pcy succeed in oligotrophic deep lakes
dominated by green light (Voros et al. 1998, Camacho et al. 2003, Callieri 2008, Stomp et al.
2007). On the other hand, several studies suggested that Peuk seem to prefer low light levels
(Pick & Agbeti 1991, Craig 1987, Voros et al. 2009).

Despite their great importance in the pelagic food webs of the lakes, the inclusion of the
picoplanktonic fraction in the analysis of phytoplankton of freshwaters from Argentina is
fairly recent; the first study was published at the beginning of this century (Zunino & Diaz
2000). Later on, studies on PPP were performed in shallow lakes and deep oligotrophic
lakes from North Patagonia (Callieri et al. 2007, Bastidas Navarro et al. 2009, Caravati et
al. 2010, Callieri et al. 2013). Recently, new data on autotrophic picoplankton were report-
ed for lakes and shallow lakes located in South Argentinean Patagonia and Tierra del Fuego
(Schiaffino et al. 2013). For middle latitudes of Argentina there are also few published
papers on PPP, and they involve aquatic systems located in the extense Chaco-Pampean
Plain region. Particularly, some recent studies were conducted in different types of shallow
lakes (clear-vegetated, algal-turbid and inorganic-turbid) from the Pampa Plain (Allende et
al. 2009, Silvoso et al. 2011, Diovisalvi et al. 2010, Fermani et al. 2013); these include also
experimental studies, where the response of PPP to different light conditions was analysed
together with other microbial components (Llames et al. 2009). Another study was carried
out in a wetland from the Lower Parana Basin, in the Otamendi Natural Reserve, evaluat-
ing the influence of the free-floating macrophytes on the structure and productivity of PPP
(Izaguirre et al. 2010).

Noticeably, there is a lack of information on PPP for the warm region of Argentina, since
the phytoplankton studies carried out in the water bodies of this region did not include the
autotrophic picoplanktonic fraction.
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Fig.1.Geographic position of the water bodies for which there is available information on phytosynthetic
picoplankton. 1. floodplain shallow lakes from the Lower Parana River Basin; 2. Pampean Plain shallow
lakes; 3. Reservoirs from Neuquén and Rio Negro Provinces; 4. North Andean Patagonian lakes; 5.
Lakes from the south of Chubut Province; 6. Andean lakes from the north of Santa Cruz Province;
7. lakes and shallow lakes from the Strobel Plateau, Santa Cruz Province; 8. Andean lakes from the
south of Santa Cruz Province; 9. Lakes and shallow lakes from Tierra del Fuego (near the Andes); 10.
Shallow lakes from Tierra del Fuego, Patagonian Plateau near Rio Grande. The divisions in the map of
Argentina correspond to the provinces.

All the information obtained until present for Patagonian and Chaco-Pampean Plain
regions is described and compared in this article. The geographic position of the regions for
which there is available information on PPP is indicated in Fig. 1.
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Patagonian lakes

The first report on autotrophic picoplankton for Andean North Patagonian lakes was given by
Zunino & Diaz (2000), who sampled 9 natural lakes and 4 reservoirs of this region covering
an oligo-eutrophic range, and reported average PPP abundances varying from 2 x 103to 6 x
10* cells. ml. The highest values were registered in Lake Fonck (2 x 10° cells. ml'), whereas
the lowest abundances corresponded to high altitude lakes (2-4 x 102 cells. ml"). For the
same lakes the PPP biomass varied between 2 and 12 pg C L. This study showed that Pcy
were numerically more abundant (up to two orders of magnitude) that Peuk in the studied
lakes; PE-rich Pcy dominated in the oligotrophic lakes, whereas PC-rich Pcy dominated in
the more eutrophic water bodies.

As it was pointed out by Morris et al. (1995) and Callieri et al. (2007), North Andean Pat-
agonian clear deep lakes generally exhibit extinction coefficients of photosynthetically active
radiation (PAR, K,) as low as 0.09 m™'. In these environments blue light dominates the deep
euphotic layers (Pérez et al. 2002), and Chl a shows a pronounced deep maximum generally
situated below the thermocline around 1% PAR level (Callieri et al. 2007, Pérez et al. 2007).
In these lakes, about 30% of total Chl a can be attributed to Pcy (Modenutti & Balseiro 2002,
Callieri et al. 2007).

In a study describing the light climate at the deep chlorophyll maxima (DCM) from
Andean lakes, Pérez et al. (2002) indicated that the maximum abundance of PPP is in coin-
cidence with the DCM. These authors suggested that dim light conditions and the prevalence
of green and blue wavelengths favoured the development of PPP populations.

Bastidas Navarro et al. (2009) carried out a summer survey in three shallow North Pat-
agonian lakes (Escondido, Morenito and El Trébol), where the light climate along the water
column was related with the photosynthetic production and efficiency of two phytoplankton
size fractions: picophytoplankton and phytoplankton > 2 pum. This study showed that PPP
abundance varied between 1.05 x 10* and 6.7 x 10° cells. ml"' and did not differ greatly
among lakes. PPP was mainly composed by Synechococcus spp. dominated by PE-rich cells,
whose abundances increased to the bottom. PC-rich cells were much less abundant and they
did not show differences along the water profile in lakes Morenito and El Trébol. Contrarily,
in Lake Escondido PC-rich Pcy slightly increased near the bottom, and a significant decrease
in the PE:PC ratio with depth was observed; this vertical variation may indicate that the dis-
solved organic matter (DOM), acting as an absorption filter, changes the underwater light
spectrum and consequently the pigment composition of Pcy.

Another study conducted during summer stratification in six deep ultraoligotrophic
Andean lakes (Moreno, Gutiérrez, Mascardi, Nahuel Huapi, Correntoso and Espejo) showed
that PPP were composed exclusively by Synechococcus spp. in five of these lakes, whereas
low abundances of Peuk were also observed only in Lake Nahuel Huapi (Callieri et al. 2007).
Total PPP abundances in these lakes ranged between 6.5 x 10* and 1.4 x 10° cells. ml", and
the biomass of this fraction varied between 2.9 and 8.9 pg C L', with maximum abundances
always registered at the DCM. Interestingly, this study showed that the inclusion of Andean-
Patagonian lakes in the extended database of Voros et al. (1998) fitted well in the three trends
of North Hemisphere lakes: an increase of autotrophic picoplankton cell number and bio-
mass (Chl a), and a decrease of its relative contribution to total biomass as the trophic state
increases. This study also revealed a strong photoinhibiting effect of high photosynthetically
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active radiation (PAR) and ultraviolet radiation (UVR) at the surface level, and a high photo-
synthetic efficiency towards deep layers. At the same ultraoligotrophic lakes, Caravati et al.
(2010) performed the first analysis of the Pcy biodiversity for Patagonian lakes, which was
based on the ARISA fingerprinting technique. Internal Transcribed Spacer (ITS) fragments
generated for ARISA were subsequently cloned, and the ITS sequences retrieved were pub-
lished in the GenBank. This analysis allowed to retrieve a total of 18 operational taxonomic
units (OTUs), of which only one was found in all the lakes at all depths, whereas 50% were
unique to one lake or one lake group. A principal component analysis based on the OTUs
showed two clear groups of lakes: Nahuel Huapi and Moreno on one hand, and Gutiérrez,
Mascardi, Espejo and Correntoso on the other. It has been hypothesized that during lake
evolution some Pcy OTUs could result from specific adaptations favoured by even minor
differences in irradiance conditions. Recently, the sequences derived from monoclonal Pcy
strains isolated from five North Patagonian ultraoligotrophic lakes were included in a phy-
logenetic analysis, together with sequences of other nonmarine Pcy strains retrieved from
lakes of different latitudes and with contrasting limnological features (Callieri et al. 2013),
interestingly, this study showed that the sequences of Lake Nahuel Huapi clustered distant
from other isolates of Argentinean lakes, and formed a sister clade to the subalpine cluster 11
and the marine Synechococcus subcluster 5.2.

During austral springs 2007 and 2008, 33 water bodies (including deep lakes, shallow
lakes and temporary ponds) of Austral Argentinean Patagonia (45.368°S Chubut Province
— 54.776°S Tierra del Fuego Province) were surveyed, and samples for PPP analyses were
collected in all the environments (Schiafino et al. 2013). This study revealed important dif-
ferences in the PPP structure among the aquatic systems, which were mainly related to their
trophic states and vertical extinction coefficients (K,). Ranges of PPP abundances varied
from 2.11 x 10* to 3.65 x 10° cells. ml! in oligotrophic lakes, from 2.94 x 10* to 1.44 x 10°
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Fig. 2. Relationship between total phytoplankton biomass (ug Chl a L") and picophytoplankton
abundance. Circles: lakes from Austral Argentinean Patagonia (Izaguirre et al., unpubl. data); squares:
Pampean shallow lakes, turbid (in black) and clear (in white), data from Allende et al. (2009) and
Silvoso et al. (2011). Dotted line: modified from the trend published by Callieri (2008) based on data
from a wide range of water bodies (V0ros et al. 2008) and from North Andean Patagonian lakes (Callieri
et al. 2007).
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Fig. 3. Examples of cytograms showing the autotrophic picoplankton populations (unstained samples)
of the clear Lake Yehuin (October 2008) dominated by PE-rich (phycoerythrin) picocyanobacteria
(a, b, ¢) and the turbid Lake Colhue Huapi (November 2007) dominated by PC-rich (phycocyanin)
picocyanobacteria (d, e, f). Different picoeukaryotic (Peuk) populations were also presented in both
lakes. Cytograms were obtained using a FASCalibur Flow Cytometer (BD) equipped with a blue
(488 nm) and a red (635 nm) laser. SSC: the 90° light scatter is related to the size and internal
granularity of the cell; FL3: chlorophyll a autofluorescence (red emission after blue light excitation);
FL2: phycoerythrin autofluorescence (orange emission after blue light excitation); FL4: phycocyanin
autofluorescence (red emission after red light excitation). Fluorescent beads are yellow-green 1 um in
size (Polysciences).

cells. ml""in mesotrophic lakes and from 5.05 x 105to 5.8 x 10° cells. ml"! in eutrophic lakes.
A significant regression (R? = 0.566; p < 0.000001; n = 33) was observed between Chl a
(as an indicator of trophic state) and PPP abundance. This pattern is in agreement with that
shown by Callieri (2008) based on data from a wide range of water bodies and trophic con-
ditions (Voros et al. 1998), and on data obtained in North Patagonian lakes (Callieri et al.
2007). Fig. 2 illustrates the relationship between PPP abundance and Chl a from the lakes
of the Austral Patagonia and the Pampa Plain (R*> = 0.23; p < 0.05; n = 43); this figure also
includes the trend published by Callieri (2008). Another interesting finding of this regional
study was that a significant direct correlation was found between the abundance of Peuk
and the K, values of the lakes (r = 0.75; p < 0.05; n = 33). The highest Peuk densities were
registered in the most turbid water bodies. This pattern agrees with other observations in that
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Peuk seem to be favoured under severe light limitation conditions (Stockner & Antia 1986,
Craig 1987, Sgndergaard 1991, Voros et al. 2009). The flow cytometry analyses allowed rec-
ognizing the more representative PPP populations at the different lake types (Schiaffino et al.
2013). A well-defined PE-rich Pcy population commonly dominated PPP in large transparent
oligotrophic lakes (e.g. Lake Yehuin), whereas PC-rich Pcy became more important in turbid
environments like Lake Colhue Huapi (Fig. 3). In addition, a higher number of Peuk popula-
tions were recognised by flow cytometry in eutrophic systems (from 3 to 6 populations, e.g.,
ponds from the Strobel plateau) compared to oligotrophic ones, which were usually charac-
terized by at most two or three different Peuk populations.

The most important grazers on PPP in the Patagonian lakes are mixotrophic ciliates
(Modenutti & Balseiro 2002) and nanoflagellates (Balseiro et al. 2004). These protists can
exert a strong top-down effect on PPP populations; however the presence of the cladoceran
Daphnia (mainly D. commutata) may contribute significantly to PPP grazing. In an experi-
mental study carried out in the oligotrophic Lake Rivadavia, (Modenutti et al. 2003), it was
observed that PPP was affected by different zooplankton structures. Daphnia spp. (2.5 mm
in body length) showed a strong selection towards PPP, causing a direct significant decrease
of this fraction. In addition, indirect effect on this fraction can occur through nutrient supply
provided by Daphnia spp. that causes positive effect on bacterioplankton. Finally, when zoo-
plankton was dominated by small Boeckella (B. michaelseni and B. gracilipes) — copepods
which feed upon nanoflagellates (Balseiro et al. 2001) — an indirect positive effect on PPP can
be also observed because of the decrease of bacterivores.

Chaco-Pampean Plain Region
Shallow lakes from the Pampa Plain

Three types of shallow lakes can be recognized in the Pampa Plain (Fig.1) according Quirds
et al. (2002): clear-vegetated lakes with high development of submersed macrophytes and
low phytoplankton biomass; algal-turbid lakes dominated by phytoplankton, and turbid lakes
resulting from suspended inorganic material (inorganic-turbid). The first comparative studies
on the autotrophic picoplankton of shallow lakes of this region performed in environments
with contrasting features (Allende et al. 2009, Silvoso et al. 2011) showed that the highest
densities and biovolumes of PPP were registered in two algal-turbid lakes (Chascomus and
Vitel) with mean densities varying from 2.3 x 10°to 6.5 x 10° cells. ml. The lowest values
were observed in algal-turbid lake (San Jorge) where Cyanobacteria > 20 pm dominated; PPP
ranged 8.3 x 10°to 3.5 x 10* cells. ml. In all the studied shallow lakes PPP were dominated
by PC-rich Pcy cells, representing almost always more than 98% of the total picophytoplank-
ton. The contribution of Peuk to total PPP was generally low, and the highest value (9.4%)
was observed in one inorganic-turbid shallow lake (La Limpia). Interestingly, Silvoso et
al. (2011) observed that among six Pampean shallow lakes, only one (Lacombe) exhibited
seasonal variability in the relative proportion of phytoplankton size fractions (picoplankton
and algae > 2 um), which was attributed to the fact that this lake can present two alter-
native steady states: one clear with submersed plants and another turbid with phytoplank-
ton dominance (Cano 2008). Another finding of this study was that PPP structure differed
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Table 1. Characteristic of autrotrophic picoplankton for shallow lakes of the Pampa Plain. *Allende et
al. (2009), **Silvoso et al. (2011), ***Diovisalvi et al. (2010).

Phytoplankton-turbid Inorganic-turbid Clear-vegetated
shallow lakes shallow lakes shallow lakes
Ranges of pico- 8.60 x 10°—4.17 x 10° * 7.18x 10°-1.75x 10° * 237x10°-338x 10° *

plankton densities 8.30 x 10°— 6.25 x 106 ** 294 x 10°—-1.21 x 106 ** 340 x 10*—1.98 x 106 **
(cells. ml") 2.00 x 10°—2.00 x 107 *#*

Ranges of PCy/ 0.89-0.99 * 0.86-0.96 * 097-0.99 *

total picoplankton 0.83 —1.00 ** 0.86—0.93 ** 0.96 —1.00 **

between turbid and clear lakes, and also within the turbid systems. This analysis in eutrophic
and hypertrophic shallow lakes provides further evidence of the lack of a linear relationship
between the trophic status and the abundance of Pcy, both at high Chl-a concentrations and
in the hypertrophic end of the trophic spectrum, as previously reported by Sommaruga &
Robarts (1997) and Voros et al. (1998). In general, the clear-vegetated lakes exhibited similar
picophytoplankton/bacterioplankton ratios, and phytoplankton size structure. Contrarily, no
clear trend was identified for the group of eutrophic turbid lakes, and a great dispersion in the
relationship between PPP abundance and Chl a was observed at this trophic extreme (Fig.
2). The information on picophytoplankton obtained in the three types of shallow lakes of the
Pampa Region is summarized in Table 1.

More recent studies based on epifluorescence (Fermani et al. 2013) and flow cytome-
try on different planktonic components of the turbid Lake Chascomutis, revealed one of the
highest picophytoplanktonic abundance ever estimated for natural environments reflected
in the cytograms depicted in Figure 4, at times exceeding 107 cells. ml"'. Pcy presented the
maximum abundances at the beginning of spring and the minimum values at the end of sum-
mer, while Peuk showed always the maximum abundances on middle summer. At least two
populations of PC-rich Pcy and two of Peuk have been identified by flow cytometry (Fig. 4).
Cells sorted from Pcy-A and -B populations were indistinguishable when viewed by epifluo-
rescence microscopy, and consisted mostly of solitary coccoid to ovoid forms. Peuk-1 was
represented by unicellular ovoid chlorophytes, whereas Peuk-2 was conformed by a “mix” of
different species (Unrein, unpubl. data).

The application of flow cytometry in the studies of PPP allows also to detect imperceptible
changes in the mean cell size or in the internal granularity of the particle (by analysing the
side angle scatter = SSC signal) and in the mean relative per-cell chlorophyll content of a
given population (by analysing the red fluorescence, FL3). The analysis of the SSC of Pcy
and Peuk-1 along an intensive study (sampling every 8 hours during 5 consecutive days)
revealed that both populations exhibited a clear daily pattern, with lower SSC values always
recorded in the morning and higher values that were recurrently measured in the afternoon
(Kranewitter 2010). These results clearly showed that cell cycle of these two populations are
synchronized with the daily light cycle, as it was already observed for marine picoplanktonic
algae (Jaquet et al. 1998).

Another interesting finding was the positive significant correlation observed for both Pcy
and Peuk-1, between the turbidity and the relative red fluorescence (FL3) of each population
(Kranewitter 2010). Considering that phytoplankton growth in this shallow lake is perma-
nently limited by the low underwater light intensity (Torremorell et al. 2009), this result
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Fig. 4. Typical cytograms of a Lake Chascomtis sample showing the autotrophic populations (unstained
samples). (a, b) Upper panels show two picoeukaryotic populations (Peuk-1 and Peuk-2). See the
text for detailed description. In the lower panels (c, d) settings in the flow cytometer were changes
in the same sample in order to visualize picoplanktonic populations with lower red fluorescence, i.e.,
picocyanobacterial populations (Pcy-A and Pcy-B). The information on the cytometer and the laser
used are the same indicated in Figure 3.

suggests that both PPP populations seem to be able to change the per-cell chlorophyll content
in response to small variations in water turbidity, increasing in a few hours, the amount of
pigment when mean underwater light intensity is being reduced (Fig. 5).

Wetland of the Lower Parana Basin (Otamendi Natural Reserve)

In South America the higher proportion of surface occupied by wetlands corresponds to the
large rivers floodplains, most of them (80%) occurring in warm climates (Neiff & Malvarez
2004). In spite of their regional importance, there are few references on PPP for these eco-
systems (e.g., Rahaingomanana et al. 2002, Angeler et al. 2005). In Argentina, the studies
are restricted to the Otamendi wetland, included in the region called “Bajo Delta del Parand”
(Malvarez 1999), located in the Lower Parand Basin (Fig. 1). Experimental studies conduct-
ed in the main shallow lake of this system showed that PPP were dominated by Pcy (Sinistro
et al. 2006, de Tezanos Pinto et al. 2007). The first experiment was carried out in microcosms,
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Fig. 5. Relationship between the red fluorescence intensity of each population (PCy and Peuk-1) in
Lake Chascomus and the nephelometric turbidity. Relative red fluorescence intensity corresponds to
the mean relative per-cell chlorophyll content, and it was estimated by dividing the log transformed
mean value of FL3 of each population by the log mean value of FL3 of the fluorescent beads (1 pm,
YG Fluoresbrite carboxylate microspheres, Polysciences Inc.). The Pearson correlation coefficient (r),
number of samples (n) and significance (p) are included in each graph

and revealed a great grazing pressure on this fraction by their predators (heterotrophic flagel-
lates, ciliates and mixotrophic algae). In a second experiment, samples for PPP analyses by
flow cytometry were obtained from mesocosms that reproduced two contrasting scenarios
in the wetland: open waters and with profuse free-floating plants coverage. These data were
combined with a seasonal field survey to further analyse the PPP structure and production
in different aquatic systems of this wetland, including two permanent shallow lakes (Laguna
Grande and El Pescado), and relict oxbow lakes = ROLs (Izaguirre et al. 2010). Periods of
contrasting temperatures and water levels were compared at sites differing in their underwa-
ter light climate conditions, mostly due to humic content and to free-floating plants coverage.
PC-rich Pcy constituted more than 80% in almost all sites and dates, whereas Peuk were only
dominant in one occasion at the ROLs. PPP abundances estimated by epifluorescence ranged
from 5.7 x 10° to 4.6 x 10° cells. ml, registering the highest values in the permanent shallow
lakes and the lowest in the ROLs. These differences were attributed to the higher dissolved
organic carbon concentrations present in the ROLs due to the abundant rooted and floating
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Fig. 6. Bars: mean total picophytoplankton abundance (with standard deviations) over an annual cycle
at the main shallow lakes of the Otamendi Natural Reserve (Lower Parand Basin). Line: mean water
temperature. Modified from Izaguirre et al. (2010).

vegetation, which may favour heterotrophic bacteria over autotrophic picoplankton. The sea-
sonal analysis revealed that both temperature and hydrometric level influenced PPP structure
in the permanent shallow lakes: the highest densities were observed during the warm dry
period, whereas the lowest ones occurred during a summer period of high water phase (Fig.
6). A similar behaviour was described by Camacho et al. (2003), who found scarce Pcy in
lakes with low retention time during periods of high surface runoff. Moreover, the overflow
triggered a high connectivity among the water bodies, which accounted by for a relatively
more homogeneous PPP structure among systems. The different approaches combined in the
study carried out by Izaguirre et al. (2010) demonstrated that the free-floating plants play an
important role in shaping PPP structure. Changes in the vegetation-cover influence the light
availability in the water column and the redox conditions, affecting the PPP composition. The
flow cytometry analyses showed that under a thick macrophyte cover (both in natural envi-
ronments as well as in the experimental conditions) anaerobic anoxygenic photosynthetic
bacteria (AnAnPB) were dominant. The identified population would correspond to purple
sulphur bacteria, since the signal in the cytogram coincides with that observed by Casamayor
et al. (2007), who outlined that these bacteria are typical of a variety of anoxic environments
or with episodic oxygen depletion. Contrarily, in enclosures without macrophyte-cover, as
well as in natural open waters, AnAnPB were scarce or absent, whereas three different oxy-
genic picoplanktonic populations were detected: one PC-rich Pcy and two Peuk. On the other
hand, this study also showed that PPP production was influenced by temperature and light,
registering the highest values of production in summer in better illuminated environments.
The photosynthetic rates per unit area of PPP were lower than those of the algae > 3 um,
varying from 1.5 to 100 mg C m™ h'. Under dense free-floating plants coverage the produc-
tion was limited by the low light intensities.
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General remarks

The light quality and the nutrient contents are relevant abiotic factors in determining the
photosynthetic picoplankton composition in the surveyed aquatic ecosystems from differ-
ent Argentinean limnological regions. High light intensities characteristic of transparent and
oligotrophic water bodies led to the dominance of PE-rich Pcy, whereas more turbid con-
ditions in the aquatic environment typically resulted in a greater development of PC-rich
Pcy, in agreement with the pattern described by different authors for other aquatic systems
around the world. On the other hand, Peuk seem to be more abundant in some shallow tur-
bid environments, whereas in environments with extreme light attenuation due to floating
plants, AnAnPB become the dominant PPP component. The PPP abundances encountered
in Argentinean water bodies fit in the trend observed by Voros et al. (1998). The lowest PPP
abundances are encountered in deep oligotrophic lakes from the Andean Patagonian region.
The abundance of PPP increases together with the trophic status of the aquatic ecosystem,
both in Patagonian and Chaco-Pampean limnological regions. However, in the hypertrophic
end of the trophic spectrum this trend might either be continued or disrupted, registering a
wide range of photosynthetic picoplankton numbers.
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