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Temporal variation in phytoplankton community
in a freshwater coastal lake of southern Brazil
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Abstract: Aim: The aim of the present study was to study the vertical variation
in phytoplankton community in a subtropical coastal lake and to verify the temporal
variation of this community following variation in temperature and dissolved nitrogen
and phosphorus. Methods: Sampling of phytoplankton and abiotic variables were
performed monthly from June/2009 to January/2011 at four depths from the central part
of Peri Lake. The data were analyzed using analysis of variance, correlation and canonical
correspondence analysis. Results: Vertical variation in the phytoplankton community and
limnological data did not occur but temporal variation was found. The lake was limited
by light and nutrients and this light limitation selected the Cyanobacteria species from Sn
and S1 functional groups. Phytoplankton community was composed of five groups, with
31 freshwater taxa, in which Cyanobacteria was the most important with 87.7% of total
density and Chlorophyta with 11.8%. Cylindrospermopsis raciborskii was dominant during
almost the whole study period because when temperature and phosphorus increased and
wind speed decreased Limnothrix sp. density was boosted. Different species of Cyanobacteria
filamentous showed correlation with variables in different ways, indicating that some species
can co-exist, each of them having distinct niches or can compete by the same resource.
Conclusion: The phytoplankton presented periodicity driven by annual change in water
temperature and nutrients availability. Peri Lake’s features allow for the occurrence of a
vertically homogeneous water column and the dominance of cyanobacterial functional
groups adapted to low underwater light and nutrients deficiency.

Keywords: subtropical lake, Cyanobacteria, Cylindrospermopsis raciborskii, nutrients,
temporal variation.

Resumo: Objetivo: Nosso objetivo foi estudar a variagdo vertical da comunidade
fitoplanctonica em uma lagoa costeira subtropical e como se comporta frente as variagoes
temporais de nutrientes e temperatura. Métodos: Para isso, amostras mensais de
ficoplancton total foram coletadas em quatro profundidades distintas de um ponto central
dalagoa do Peri durante o periodo de junho/09 a janeiro/11, juntamente com as varidveis
abidticas. Andlises univariadas de varidncia, correlagio e multivariada de correspondéncia
canénica foram usadas para explorar os dados. Resultados: Os dados obtidos da
comunidade fitoplanctonica e as demais varidveis limnoldgicas mostraram auséncia de
variagio vertical na coluna d’dgua, no entanto ocorreu variagio temporal nesse ambiente
subtropical. A lagoa do Peri foi limitada por luz e por nutrientes, selecionando a ocorréncia
de espécies de Cyanobacteria pertencentes aos grupos funcionais Sn e S1. A comunidade
fitoplanctonica foi composta por cinco grupos, com 31 taxa de 4gua doce, sendo que
Cyanobacteria, com 87,7% da densidade total foi o grupo mais importante e Chlorophyta
com 11,8% foi o segundo grupo mais representativo. Cylindrospermopsis raciborskii
foi a espécie dominante durante quase todo o periodo estudado, sendo substituida
por Limnothrix sp. quando ocorreu diminui¢io na velocidade do vento e aumento na
temperatura e na concentragio de fésforo. As vdrias espécies filamentosas de Cyanobacteria
registradas neste ambiente mostraram diferentes correlagoes com as varidveis amostradas,
sugerindo que algumas espécies podem co-existir, e outras competir pelo mesmo recurso.
Conclusao: As principais varidveis responsdveis pela variacdo temporal observada na
comunidade fitoplanctonica foram nitrogénio, fésforo e temperatura. Cyanobacteria
foi o principal constituinte do fitoplancton, sendo representado por grupos funcionais
adaptados a baixa disponibilidade de luz e baixa concentracio de nutrientes.

Palavras-chave: lago subtropical, Cyanobacteria, Cylindrospermopsis raciborskii,
nutrientes, variacao temporal.
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1. Introduction

The phytoplankton demonstrates spatial and
temporal distribution directly influenced by light
and nutrients. Changes in the concentration of
nutrients, especially phosphorus, influence the
conditions for phytoplankton growth and select
the species growth. Previous studies indicate that
excessive nutrients loading and warmer conditions
promote dominance by Cyanobacteria (Zhu et al.,
2010; Rejmdnkovd et al., 2011; Kosten et al., 2012).
However, Cyanobacteria dominance may be most
closely related to physical and biological constraints
accompanying a simple increase in nutrients supply
(Downing et al., 2001; Salmaso, 2011).

The vertical distribution of species depends on
the synergistic effects of climatic and hydrological
variables, such as light availability and resource
availability. As pointed out by Reynolds et al. (2002)
and Padisdk et al. (2009), phytoplankton species
with resembling survival strategy form associations
that potentially, and alternately, may dominate or
co-dominate in a given environment.

Cylindrospermopsis raciborskii (Woloszynska)
Seenayya and Subba-Raju is a filamentous
Cyanobacteria, with invasive and adaptive potential,
found in different regions of the world, especially
in Brazilian lakes of different trophic status
(Huszar et al., 2000; Crosseti and Bicudo, 2008;
Dantas et al., 2012). Its ecological success is
attributed to many factors like buoyancy regulation,
tolerance of low light, high affinity for phosphorus
and ammonia, N, fixation ability and resistance
to grazing by zooplankton (Padisék, 1997). Since
1994, in Peri Lake, a subtropical coastal lake, in
which low nutrients concentration and horizontal
homogeneity of chlorophyll 2 and nutrients
have been observed (Hennemann and Petrucio,
2011), filamentous cyanobacteria associations,
dominated by C. raciborskii have been recorded
(Komarkova et al., 1999).

The establishment and increasing dominance
of C. raciborskii and decreased in number of taxa
found monthly in Grellmann (2006), comparing to
Laudares-Silva (1999) indicates that phytoplankton
composition is changing. A microcosm bioassay
performed by Hennemann and Petrucio (2010)
have showed that the combined effect of increased
temperature and phosphorus enrichments resulted
in the highest chlorophyll # levels.

Thus, we hypothesized that the phytoplankton
community is vertically homogeneous and that
the temporal variation in nutrients and water
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temperature promotes changes in phytoplankton
community.

2. Material and Methods

2.1. Study area

The Peri Lake (27° 44’ S and 48° 31" W) is
located in the southeastern region of the Santa
Catarina Island, Brazil, within Peri Lake Municipal
Park that is protected by legislation. The climate in
the area is characteristically subtropical, with rainfall
well distributed along the year. The lake has a surface
area of 5.7 km? and average and maximum depths
of4.2 mand 11.0 m respectively. Peri Lake has two
main tributaries (Cachoeira Grande and Ribeirio
Grande Streams) and is a freshwater coastal lake
without marine influences (freshwater year-round),
making it the main freshwater resource for the island
of Florianépolis (Figure 1).

2.2. Sampling

The environment was sampled monthly from
June/2009 to January/2011. Abiotic and biotic
variables were taken from the central part of lake
(27° 43’ S and 48° 31’ W), within different water
column strata, of which the maximum depth was
about 8.4 m. Water samples were collected with a
Van Dorn sampler at four depths according to the
light penetration, calculated by Secchi disk (Cole,
1994): depth 1: 100% light incident (surface),
depth 2: 10% light incident (1.0 m, depth Secchi
disk disappears), depth 3: 1% light incident
(-3.0 m, Secchi disk depth multiplied by three)
and depth 4: aphotic zone (6.0 m). The ratio of
the euphotic zone (Zeu) to mixture zone (Zmix)
was used as an index of light availability in the lake.

2.3. Abiotic variables

The climatological variables measured in
situ were wind speed with portable anemometer
(Instrutherm TAD 500) and air temperature
with a mercury thermometer. The precipitation
accumulated for seven days prior to the day sampled
was estimated from data obtained from EPAGRI/
CIRAM (Information Center for Environmental
Resources and Hydrometeorology of Santa
Catarina).

The following limnological variables were
measured 77 situ, at four depths: water temperature,
conductivity, pH and dissolved oxygen with a
multiparameter probe (YSI-85). Immediately
after collection, unfiltered water samples were
frozen at —20 °C to total nitrogen and phosphorus
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Figure 1. Map and location of the Peri Lake, Santa Catarina Island, Brazil, showing the sampled station. Adapted

from Hennemann and Petrucio (2011).

determinations (Valderrama, 1981). Filtered
samples were frozen to nitrite (Golterman et al.,
1978), nitrate (Mackereth et al., 1978), ammonia
(Koroleft, 1976) and soluble reactive phosphorus
determinations (Strickland and Parsons, 1960).
Filtered water samples were preserved with
phosphoric acid to dissolved organic carbon
determinations (Shimadzu TOC-5000A).

2.4. Phyroplankton analyses

The biomass of the phytoplankton community
was estimated by chlorophyll 2 determinations,
corrected for phaeophytin. Water samples were
filerated (0.7 pm, Millipore AP40 glass fibre) and
90% acetone was used to pigments extraction from
filters (Lorenzen, 1967).

Total phytoplankton samples from the four
depths were preserved with formalin (final
concentration 1.6%), that preserve the aerotopes
and make more easy the differentiation among
filamentous Cyanobacteria in this environment.
Aliquots were sediment with acetic Lugol’s solution
and investigated in inverted microscope according
to Utermohl method in Hasle (1978), in which
400 organisms (unicell, filament or colony) of the
dominant species were counted. Dominant (>50%
of total density) and abundant species (> mean

density) were determined (Lobo and Leighton,
1986) and occurrence of heterocyted trichomes
of C. raciborskii was estimated only at the surface,
while all individuals were identified and enumerated
at four depths.

2.5. Statistical analyses

A nonparametric analysis of variance (Kruskal-
Wallis; p < 0.05) was used to test differences in
the limnological variables and in phytoplankton
densities between the sampling depths. Spearman
correlation coefficients were used to identify
significant correlations between phytoplankton
and limnological variables. These analyses were
completed using the soffware Statistica 7 (StatSoft®).
The relationship between limnological variables and
phytoplankton community was explored by means
of a Canonical Correspondence Analysis (CCA)
triplot distribution. The species density to be used
in this analysis were selected through the frequency
of occurrence (>50%), since this species were
considerate more representative of this environment
and significance levels of limnological variables were
tested with Monte Carlo (999 permutations). This
analysis was completed using the program R version
2.13.1 (Oksanen et al., 2008; R Development Core
Team, 2008).
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3. Results

3.1. Abiotic variables

Over the 20 sampling months, climatological
variables showed oscillations in air temperature,
measured 7z situ (17.5 °C in June/09 to 27 °C
in October and November/09) and accumulated
precipitation, for the seven days previous to the
sampling, reaching 61.6 mm day' in December/10
(Figure 2). The Figure 2 shows that rainfall is well
distributed along the year.

The wind speed during the sampling reached
values of 9.7 m s in January/10 and in some
months was absent. The ratio Zeu:Zmix varied from
0.24 in August/09 to 0.42 in January/11 (Figure 3),
indicating a low light availability. The mixture zone
was considered at 11 m (maximum depth recorded
in Peri Lake) due to be close to the sampling station.

The water temperature in surface varied from
17.6 °C in June/09 to 28.7 °C in February/10,
revealing the temporal variation during the period
sampled. The pH was near neutrality, conductivity
values were low and dissolved oxygen concentrations
showed that the environment is well oxygenated.
The sum mean of nitrite, nitrate and ammonia
(DIN=25.7 pg L) and soluble reactive phosphorus
concentrations (2.3 pg L) were low, and dissolved
organic carbon concentrations were relatively high,
reaching 4.5 mg L' (Table 1).

The limnological variables at four depths did not
demonstrate significant vertical variation (Kruskal-
Wallis; p > 0.05 to all variables in Table 1). However,
when the data were grouped by months, there was
significant temporal variation (Kruskal-Wallis;
p < 0.05). The minimum and maximum values
of the variables in Table 1, shows the variation
over the sampling months, especially in regards to
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Figure 2. Precipitation accumulated in the seven days
prior and air temperature during sampling in the Peri
Lake, from June/2009 to January/2011.
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nutrients concentration, which varied strongly. The
monthly variations (mean of four sampled depths)
of water temperature, soluble reactive phosphorus
and dissolved inorganic nitrogen forms are shown

in Figure 4.
3.2. Phytoplankton community

The phytoplankton community was composed of
five groups, with 31 freshwater taxa (20 species and
11 genus): Chlorophyta (17 taxa), Cyanobacteria
(8 taxa), Bacillariophyta (3 taxa), Euglenophyta (2
taxa) and Dinophyta (1 taxa). Taxa and frequency of
occurrence identified in counting chambers during
all months and depths are shown in Table 2. The
Figure 5 shows the total and groups phytoplankton
density, in which no significant difference was
evident among different depths (Kruskal-Wallis;
p > 0.05). For depth 1 the phytoplankton total
density average was 118x10%ind. mL™, for depth
2 it was 120 x 10%ind. mL™', for depth 3 it
was 126 x 10°ind. mL™" and for depth 4 it was
119 x 10%ind. mL~". On the other hand, significant
temporal variation was recorded, in which total
phytoplankton density varied from 34 x 10° ind. mL™
in July/10 to 273 x 10° ind. mL" in September/09
(Kruskal-Wallis; p<0.05). No significant vertical
difference was recorded to composition and density
of phytoplanktonic specific groups (Kruskal-Wallis;
p>0.05).

Cyanobacteria were the most important group
with 87.7% of total average density followed by
Chlorophyta with 11.8% (Figure 5). Dinophyrta,
Bacillariophyta and Euglenophyta, together, had
0.7% of total average density. Cyanobacteria
was dominant during the entire study period,
whose density ranged from 30 x 10°ind. mL™ in
July/10 to 227 x 10°ind. mL™ in September/09.
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Figure 3. Ratio euphotic:mixture zone and wind speed
measured during sampling in the Peri Lake, from
June/2009 to January/2011.
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Table 1. Limnological variables sampled at four depths from June/09 to January/11 in the pelagic region of Peri Lake

(mean, standard deviation, minimum and maximum).

Depth 1 Depth 2 Depth 3 Depth 4
Variables MeanxSD Mean*SD Mean*SD MeanxSD
(min-max) (min-max) (min-max) (min-max)
Water Temperature (°C) 22.4 + 3.69 22.2+3.52 22.1+3.52 22.1+3.51
(17.6-28.7) (17.5-28.7) (17.4-28.8) (17.5-28.7)
Conductivity (us cm™) 70.2+5.49 69.6 + 9.56 70.2£8.98 72.2+13.31
(60.2-78.0) (57.1-104.4) (61.4-104.1) (61.2-119.1)
pH 7.1+£043 7.1+041 7.0+0.40 6.9 +0.41
(5.7-7.7) (5.9-7.7) (5.8-7.7) (5.8-7.5)
Dissolved Oxygen (mg L™") 8.2+1.08 8.2+1.01 8.3+1.10 8.3+1.09
(6.3-10.1) (5.7-9.7) (5.3-10.3) (5.8-10.5)
Nitrite (ug L") 0.4+0.19 04+0.18 04 +0.19 0.4 +0.17
(0.2-0.7) (0.2-0.7) (0.1-0.7) (0.2-0.7)
Nitrate (ug L) 8.2+5.56 8.4 +3.95 6.2 +2.89 8.7 £5.53
(1.7-26.7) (3.3-15.7) (2.1-11.7) (1.3-21.7)
Ammonia (ug L") 17.1£10.18 15.2+7.68 15.1£7.59 14.0 £ 6.52
(6.0-50.2) (6.0-38.5) (5.1-36.1) (4.2-30.0)
Soluble Reactive Phosphorus (ug L) 23+222 23+225 2.0+1.38 25+1.81
(0.2-10.2) (0.8-10.8) (0.6-6.2) (0.6-7.1)
Dissolved Organic Carbon (mg L") 3.2+042 3.3+0.39 3.2+0.33 3.2+0.44
(2.4-4.1) (2.7-4.3) (2.7-3.8) (2.5-4.5)
Total Nitrogen (ug L") 513.4+271.10 530.9+271.22 5165+281.95 471.4+280.78

r0.2

(126.4-969.3) (90.6-927.6) (106.4-992.4) (106.4-965.1)
Total Phosphorus (ug L") 11.7 £ 3.10 12.5+3.85 12.9+5.28 13.2+6.78
(7.6-16.8) (6.8-19.7) (7.5-31.2) (8.2-39.1)
TN:TP 102.2 £49.72 103.9 £ 53.78 99.9 £ 54.42 90.6 £ 52.72
(17.5-198.0) (10.8-189.1) (12.8-211.2) (9.2-199.9)
Chlorophyll a (ug L) 18.8 +3.77 19.4 +3.33 18.7 £ 3.17 18.6 +3.13
(10.7-24.2) (12.8-25.1) (13.1-25.2) (13.9-24.1)
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Figure 4. Monthly variations of water temperature (WT),
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soluble reactive phosphorus (SRP) and forms of dissolved

inorganic nitrogen (N.NO2, N.NO3 and N.NH4) during sampling in the Peri Lake, from June/2009 to January/2011.

Chlorophyta showed higher richness than
Cyanobacteria (Table 2), but low density, ranging
from 1 x 10° ind. mL™' in December/10 to
57 x 10° ind. mL™" in January/10 (Figure 5).
The high Chlorophyta density in January/10 was
atcributed to Monoraphidium irregulare that was
the specie that more contributed to Chlorophyta

density during the study period, and together
with Actinastrum aciculare, presented the highest
densities in this month.

Cylindrospermopsis raciborskii, Limnothrix sp.,
Planktolyngbya brevicellularis and Plankrolyngbya
limnetica were the most frequent Cyanobacteria
species (>80%) in Peri Lake during sampling
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Table 2. Phytoplanktonic species and frequency of occurrence (%) observed in Peri Lake, from June/09 to January/11.

Taxa % Taxa %
Cyanobacteria Chlorophyta
Aphanocapsa sp. 43 Actinastrum aciculare Playfair var. aciculare f. 59
minimum (Huber-Pestalozzi) Compére
Chroococcus turgidus (Kitzing) Nageli 71 Botryococcus sp. 6
Cylindrospermopsis raciborskii (Woloszynska) 100 Chlamydomonas sp. 3
Seenayya and Subba-Raju
Limnothrix sp. 89 Chlorella homosphaera Skuja 89
Microcystis cf. lameliformis Holsinger 14  Closterium sp. 4
Planktolyngbya brevicellularis Cronberg e Komarek 100 Coelastrum polychordum (Korsikov) Hindak 4
Planktolyngbya limnetica (Lemmermann) Komarkova- 85 Cosmarium bioculatum Brébisson var. depressum 63
Legnerova and Cronberg (Schaar.) Schmidle
Pseudanabaena cf. galeata Bocher 1 Cosmarium sp.1 64
Dinophyta Cosmarium sp.2 34
Peridinium sp. 68 Monoraphidium arcuatum (Korsikov) Hindak 73
Euglenophyta Monoraphidium irregulare (Smith) Komarkova- 96
Legnerova
Euglena sp. 41  Scenedesmus cf. oahuensis (Lemmermann) Smith 19
Trachelomonas sp. 1  Spyrogira sp. 3
Bacillariophyta Staurastrum pseudotetracerum (Nordstedt) West 40
and West
Aulacoseira ambigua (Grunow) Simonsen 39 Staurastrum tetracerum Ralfs var. evolutum West 48
and West
Encyonema sp. 33 Staurodesmus cuspidatus (Bréb) Teiling 4
Fragillaria sp. 31 Tetraedrum caudatum (Corda) Hansgirg 70
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Figure 5. Total and groups phytoplankton density at four depths sampled in the Peri Lake, from June/2009 to

January/2011.
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period. The Figure 6 shows the species and their
density variation during 2009-2011. C. raciborskii
was dominant along all period with the highest
density, which resulted in low occurrence of other
species. The density varied temporality from
23 x 10° ind. mL™"in July/10 to 220 x 10° ind. mL™"
in September/09 (mean of four depths sampled
in each month). For depth 1 the C. raciborskii
average density was 82 x 10° ind. mL™, for
depth 2 it was 91 x 10° ind. mL", for depth 3
it was 93 x 10° ind. mL™" and for depth 4 it was
82 x 10° ind. mL™" (Kruskal-Wallis; p>0.05). On
average only 0.6% of C. raciborskii individuals
were heterocyted, varying from 0.03% (June/09)
to 3.11% (April/10).

Only in November/09 and December/09
Limnothrix sp. was dominant, while P brevicellularis
was constant along the study and P limnetica
exhibited the lowest density, except for August
and September/10 (Figure 6). In March/10 the
opportunist Chlorophyta M. irregulare was abundant
together with C. raciborskii and Limnothrix sp.

The temporal variation of our data was explained
73.9% by the first axis and 18.4% by the second
axis of the CCA (Figure 7). Variables loadings for
the each axis can be found in Table 3, together
with Monte Carlo test, that showed the water
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temperature (R*= 0.86, p < 0.001) and soluble
reactive phosphorus (R*= 0.61, p < 0.001) as
the most significant variables. Limnothrix sp. was
correlated to increase in soluble reactive phosphorus,
conductivity and water temperature recorded
in November/09, December/09, March/10 and
April/10. Increase in A. aciculare in January/10
was related to increase in dissolved organic carbon
and M. irregulare was related to dissolved inorganic
nitrogen and organic carbon. Both species increased
its density in January/10 that contributed to high
chlorophyll 2 concentration in this month. On the
other hand, P limnetica was directly related to pH
and other species did not differ, getting very close
to the origin of the axes.

To explore the relationship between
phytoplanktonic species and each form of nitrogen
and other limnological variables, a Spearman
correlation analysis was performed with species
representative of this environment, specially the
cyanobacterial species that were present during
the whole study. We included in this analysis the
presence of heterocyted trichomes of C. raciborskii
and M. irregulare that presented periods of elevated
density. Heterocyted trichomes of C. raciborskii were
positively related to soluble reactive phosphorus and
water temperature, while C. raciborskii was positively
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Figure 6. Cyanobacteria species density more frequent during sampling in Peri Lake, from June/2009 to January/2011.
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correlated only to ammonia (Table 4). Different
species of Cyanobacteria showed correlation with
variables in different ways. P brevicellularis was
negatively related with nitrate, while P limnetica
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Figure 7. Canonical correspondence analysis (CCA)
showing the ordination of the phytoplanktonic species in
relation to the limnological variables. Abbreviations used:
ACT: Actinastrum aciculare; CHL: Chlorella homosphaera;
CHR: Chroococcus turgidus; COS1: Cosmarium sp.1;
COS2: Cosmarium sp.2; CYL: Cylindrospermopsis raci-
borskii; LIM: Limnothrix sp.; MON1: Monoraphidium
irregulare; MON2: M. arcuatum; PER: Peridinium sp.;
PLA1: Plankrolyngbya brevicellularis; PLA2: P limnetica;
TET: Tetraedrum caudatum; COND: conductivity; DIN:
dissolved inorganic nitrogen; DOC: dissolved organic
carbon; SRP: soluble reactive phosphorus; WT: water
temperature. Letters mean the months of the year (ja:
January; fe: February; mr: March; ap: April; ma: May;
jn: June; jl: July; ag: August; sp: September; oc: October;
no: November; de: December), while numbers mean the
year (09: 2009; 10: 2010; 11: 2011).

Table 3. Values of the environmental variables with the
axes 1 and 2 of CCA and Monte Carlo test.
Monte Carlo Monte Carlo

Variables CCA1 CCA2

test (R?) test (p)

DIN -0.90 043 0.44 0.010
SRP 097 0.25 0.61 0.001
WT 0.78 0.63 0.86 0.001
Cond 0.99 -0.03 0.34 0.021
pH 0.48 -0.88 0.29 0.076

DOC -044 0.90 0.26 0.096
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had a negative correlation with Zeu:Zmix. On
other hand, Limnothrix sp. had correlation with
soluble reactive phosphorus, conductivity and water
temperature, similar to heterocyted trichomes.
M. irregulare had positive correlation with nitrite
and dissolved organic carbon.

4. Discussion

Wind is the principal variable which promotes
water column mixing in coastal lakes (Cardoso and
Motta Marques, 2004; Crosseti et al., 2007). Since,
in this study limnological variables at four sampled
depths did not demonstrate significant vertical
variation we suggest that wind velocity was enough
to promote the water column mixing.

In well-mixed lakes the euphotic zone is
lower than the mixed zone, thus organisms spend
relatively more time in darkness, and this feature
selected the Sn and S1 functional groups in
Peri Lake (Reynolds et al., 2002; Padisdk et al.,
2009). The former is characterized of warm mixed
environment, nitrogen deficient conditions and
flushing habitat, which C. raciborskii is part of, and
the second includes Limnothrix sp., P limnetica and
P brevicellularis, characterized as a turbid mixed
environment and highly light-deficient conditions.
Among them, P limnetica seems to have the most
light uptake capacity since it was the only species
that showed a negative correlation with Zeu:Zmix.
This light limitation tolerance is common to
some Cyanobacteria species, for example, in
Carioca Lake the population of P limnetica (cited
as Lyngbya limnetica) was centered at a depth of
6.5 m (metalimnion), where light penetration is
less than 1% of the red and green wavelengths
(Reynolds et al., 1983).

Among Cyanobacteria species recorded in Peri
Lake, C. raciborskii and P brevicellularis were more
constant during the seasonal cycle. The former
presented positive correlation with ammonia, as
recorded by Berman et al. (1984) and Burford et al.
(2007), in which this species demonstrated
preferential uptake of ammonia over nitrate. The

Table 4. Spearman correlation coeflicient performed between phytoplanktonic species and limnological variables.

Zeu:Zmix N.NO2 N.NO3 N.NH4 SRP WT Cond pH DOC
Heterocyted trichomes 0.09 -0.29 -0.28 0.15 0.50* 0.58* 0.21 0.36 0.14
P.brevicellularis -0.26 0.24 -0.52* -0.02 0.19 0.28 0.00 0.04 0.42
Plimnetica —-0.50* 0.13 -0.05 -024 -0.11 -0.35 -0.15 -0.30 -0.08
C. raciborskii -0.37 0.28 -0.15 0.47* -0.19 -0.09 -039 -0.12 0.31
Limnothrix sp. 0.27 0.01 -0.16 0.00 0.57* 0.47* 0.62* 0.08 —-0.04
M. irregulare -0.17 0.53* 0.04 0.39 0.06 0.08 -0.29 -0.42 0.72*

*represents significant (p < 0.05, n = 80).
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correlations observed in Table 4 suggest co-existence
or competition between some species.

Limnothix sp. densities exceeded those of
C. raciborskii in November and December/09 and
this high density can be interpreted as dominance
over C. raciborskii. However, this was due to
disintegration of trichomes, which in November/09
was influenced by decrease in dissolved inorganic
nitrogen, which resulted in increase to around 0.9%
the C. raciborskii filaments carrying heterocytes.
In December/09, recovery was observed in
the dissolved inorganic nitrogen levels, and
decreases the heterocyted trichomes of C. raciborskii
(0.8%), soluble reactive phosphorus peaked, and
temperature increased, consequently Limnothrix
sp. population presented recovery of trichomes
and a real growth, suggesting that Limnothrix sp.
seems to be better competitor than C. raciborskii
for soluble reactive phosphorus. In addition, in
November/09 was recorded low wind speed that
can favor Limnothrix sp. to remain more time in
water column. However, wind values were recorded
during sample collection and should be considered
more carefully, since this may not represent the real
environmental condition.

Branco and Senna (1994) have observed
that high concentration of ammonia recorded
in Paranod Reservoir inhibited the development
of heterocytes in C. raciborskii, corroborated by
the fact that heterocytes were observed only in
the months when a low level of ammonia was
registered. In Peri Lake, heterocytes were not
inhibited by ammonia, occurring with varying
densities throughout the period analyzed. It is
believed that low concentrations of ammonia
present in Peri Lake, would be insufficient to
inhibit heterocytes production. C. raciborskii from
Balaton Lake continued to fix nitrogen under
presence of 10 pg L' of ammonia (Sprober et al.,
2003). Nutrient experiments bioassay conducted
by Moisander et al. (2008) have shown low but
detectable nifH gene expression, related with
nitrogenase activity, in the field when ammonia was
present and is consistent with the observation from
culture experiments.

C. raciborskii filaments carrying heterocytes
were positively correlated with phosphorus and
temperature, showing that its availability stimulates
the diazotrophic metabolism of this species. In
diazotrophic species the light requirements are
often lower when grown on a combined nitrogen
source than when grown on N, (Agawin et al,,
2007). However, in Peri Lake, C. raciborskii seems
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to be a better competitor under a broad range of
nitrogen conditions, ranging from diazotrophic to
a non-diazotrophic metabolism, which is another
reason for its dispersion world-wide, pointed out
by Moisander et al. (2012). The low proportion
of C. raciborskii filaments carrying heterocytes
recorded in this study is similar to found in other
Brazilian environments according to Bouvy et al.
(2000).

M. irregulare showed high positive correlation
with dissolved organic carbon, this suggests that
it is a mixotrophic species and can simultancously
use the photosynthetic function and organic carbon
uptake similar to other Chlorococcales (Cohen
and Post, 1993). M. irregulare could not belong
to the functional group X1 characterized from
eutrophic-hypereutrophic environments, sensitive
to nutrients deficiency and stratification tolerant
in which multiple species of this genera have been
included (Padisék et al., 2009). Despite having small
size and high surface:volume ratio, like c-strategist,
tolerates nutrients deficiency and continuous
turbulent transport through a light gradient like S
and R strategist.

The phytoplankton community showed varying
behavior along the sampled period. The first half
of period was very different from the second half,
showing the highest growth peak in early spring.
In the second half of the period, the highest peak
growth occurred in late spring, with the maximum
density reaching about half of the previous period.
The first spring peak occurred after an enhanced
winter growth. In the second half of the period,
the autumn/winter growth was very low, where the
lowest density around the period studied occurred
(July/10). In the first half, the largest contribution
was given by the Cyanobacteria and Chlorophyta.
Cyanobacteria peaked in September/09 and
Chlorophyta peaked in September/09 and
January/10 reflecting high M. irregulare growth.
In the second half, Cyanobacteria were the main
contributors to the phytoplankton density and
Chlorophyta showed less variation. The other
phytoplankton groups had less expression.

The dynamic relationship between
phytoplankton and nutrients has been of great
interest. The data reveal that Peri Lake is a nutrient-
poor lake, with absolute low concentrations for
N- and P-combined and dissolved nutrients
considered limiting for phytoplankton growth
(Reynolds, 1999). However, in this environment,
Cyanobacteria were the dominant group, composed
of species that are good competitors.
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In general, the total density of phytoplankton
have been increased considerably since Laudares-
Silva (1999), where the variations were from
3x 10°ind. mL™" to 41 x 10% ind. mL™" between 1996
and 1997, and recorded by Grellmann (2006) along
2004-2005, with variations from 40 x10° ind. mL™"!
to 116 x 10° ind.mL"". While Laudares-Silva (1999)
registered 16 abundant taxa, this study recorded
only three taxa (C. raciborskii, Limnothrix sp. and
M. irregulare). The physiological flexibility and
phenotypic plasticity of the C. raciborskii ensures
its competitive edge and could explain its ongoing
expansion to other latitudes (Bonilla et al., 2012)
decreasing the occurrence of other species as also
described by Bouvy et al. (2000).

Permanent cyanobacterial dominance is,
therefore, regarded as the ultimate phase of
eutrophication occurring world-wide (Dokulil
and Teubner, 2000). However, the reasons for
such outbreaks largely remain unclear, especially
in Peri Lake, a nutrients limited environment,
in which C. raciborskii have been recorded since
the mid-1990s, with constant density increase.
The dominance of filamentous Cyanobacteria
in a German lake have been attributed to light-
deficient conditions caused by high shading effects,
induced by high biomass, therefore suppressing
other phytoplankton associations (Mischke and
Nixdorf, 2003).

The main environmental variables responsible
for the greatest variation in phytoplankton
community, identified using CCA, were nitrogen,
phosphorus and temperature. Recent studies have
demonstrated that high temperature and increase
in nutrients concentration result in decreasing of
Chlorophyta and increasing of Cyanobacteria. There
are also the abiotic variables with a greater influence
over both spatial and temporal distribution of the
phytoplankton community (Dantas et al., 2008;
Becker etal., 2010). Nevertheless, only heterocyted
trichomes of C. raciborskii and Limnothrix sp.
densities were positively correlated to water
temperature that may have an indirect effect by
controlling the availability of resources. Thus,
the data demonstrate that discrete alterations in
phytoplankton community present predicable
periodicity driven by annual change in these
variables, always favoring Cyanobacteria.

In summary, Peri Lake’s features allows the
occurrence of a vertically homogeneous water
column, due turbulence, and the dominance of
cyanobacterial functional groups adapted to low
underwater light and nutrients deficiency. The
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phytoplankton presented periodicity driven by
annual change in water temperature and nutrients
availability. The partitioning or competition by
resource between cyanobacterial species is suggested.
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