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Abstract

Planktonic primary production and respiration rates were estimated in a subtropical coastal lake dominated by
Cyanobacteria in order to investigate the temporal and vertical variation in this lake and to evaluate its relationships
with limnological variables and phytoplankton. Light and dark bottles were incubated at four different depths in the
central part of the lake and were performed bimonthly from June/2009 to December/2010. No significant difference
was evident among depths in relation to phytoplankton, limnological variables and metabolic rates. However, the
highest production rates were recorded at the surface, and decreased towards the bottom, coupled with phytoplanktonic
photosynthetic capacity. Wind induced mixing in Peri Lake played an important role in nutrient and phytoplankton
redistribution, characterizing this lake as polymictic. According to density and biovolume, the phytoplankton community
was dominated by filamentous Cyanobacteria, especially Cylindrospermopsis raciborskii (Woloszynska) Seenayya and
Subba-Raju. This study has shown that both water temperature and nutrient availability drive phytoplankton growth
and consequently the temporal variation in metabolic rates, where respiration is higher than primary production.

Keywords: subtropical coastal lake, primary production, respiration, phytoplankton, Cylindrospermopsis raciborskii.

Producio e respiracio planctonicas em uma lagoa subtropical
dominada por cianobactérias

Resumo

As taxas de produgdo primaria e respiragdo planctonicas foram estimadas em um lago costeiro subtropical dominado
por cianobactérias, com o objetivo de investigar a variagdo temporal e vertical nesta lagoa e avaliar suas relagdes com
as variaveis limnologicas e os grupos fitoplanctonicos. Garrafas claras e escuras foram incubadas em quatro diferentes
profundidades na parte central da lagoa e foram realizadas bimensalmente de junho/2009 a dezembro/2010. Nenhuma
diferenca significativa foi encontrada entre as profundidades amostradas, em relagao ao fitoplancton, variaveis limnologicas
¢ taxas metabolicas. No entanto, as maiores taxas de produg@o foram registradas na superficie, diminuindo com o
aumento da profundidade, juntamente com a capacidade fotossintética do fitoplancton. A agdo do vento na lagoa do
Peri promoveu a homogeneidade de nutrientes e do fitoplancton na coluna d’agua, caracterizando-o como polimitico.
De acordo com a densidade e biovolume, a comunidade fitoplanctonica foi dominada por cianobactérias filamentosas,
especialmente Cylindrospermopsis raciborskii (Woloszynska) Seenayya and Subba-Raju. Este estudo demonstrou
que a temperatura da agua combinada com a disponibilidade de nutrientes influencia a comunidade fitoplanctonica,
determinando a varia¢do temporal das taxas metabdlicas, onde a respiragao ¢ maior que a produgdo primaria.

Palavras-chave: lagoa costeira subtropical, produg@o primaria, respiracdo, fitoplancton, Cylindrospermopsis raciborskii.

1. Introduction

Primary production studies in the tropics and subtropics ~ primary production and respiration, which promotes the
are scarce, but are essential for understanding energy and ~ fastest nutrient cycling, and maintains metabolic rates
nutrient flows. Previous studies reveal that high temperature ~ constant along the time (Berman et al., 1995; Amarasinghe
and light availability, in the tropics, favors high planktonic ~ and Vijverberg, 2002).
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Phytoplankton productivity is sensitive to nutrient,
especially phosphorus availability (Tadonléke, 2010;
Kerimoglu et al., 2013). Phosphorus enrichment and light
availability sustain the pelagic chlorophyll ¢ and primary
production, while in oligotrophic lakes phytoplanktonic
growth and production are frequently constrained by
nutrient limitation (Carpenter et al., 2001; Liboriussen
and Jeppesen, 2003).

Light availability is also a factor that determines
the vertical distribution of photosynthetic organisms
and their production rates. According to light extinction
coefficient in water column, generally at the surface occurs
photoinhibition, followed by subsurface of maximum
phytoplankton density and primary production, which
decreases towards the bottom, where the decomposition
processes are more intense (Wondie et al., 2007; Tilahun
and Ahlgren, 2010). However, some Cyanobacteria species
are capable of regulating their position in the water column
through gas vesicles in order to improve their photosynthetic
efficiency (Moura et al., 2011).

A short review on Brazilian lakes reveals that the
factors affecting primary production are different in each
environment. For example, Barbosa (1979) analyzing
Carioca Lake verified that the seasonal variation was
mainly related to nutrient supply rather than light and
temperature. Meanwhile Moreira and Knoppers (1990)
recorded the temperature as the principal factor, where
low primary production values were recorded during the
winter and high values during the summer. On the other
hand, Henry et al. (1998) stated that precipitation was the
factor responsible for changes in the water quality and
consequently the production rates. According to Bassoli

(2006) in Brazilian environments including lakes, reservoirs
and flood lakes the maximum production rate does not
exceed 300 mgC m? day'.

Hennemann and Petrucio (2011) in a temporal study
of nutrient and chlorophyll a distribution demonstrated
that Peri Lake is spatially homogeneous, P-limited and
polymitic. In addition the Cyanobacteria Cylindrospermopsis
raciborskii (Woloszynska) Seenayya and Subba-Raju has been
recorded in this lake since 1994 (Komarkova et al., 1999).
Subsequently the phenotypic plasticity of filamentous
Cyanobacteria could explain its expansion to diverse
environments (Bonilla et al., 2012), therefore it is important
to clarify the variables affecting Cyanobacteria and their
relation to the production rates.

Thus, the purposes of this study were to examine the
temporal and vertical variation of the metabolic rates
(primary production and respiration) in Peri Lake, and its
relationship with phytoplankton and limnological variables.

2. Material and Methods

2.1. Study area

The Peri Lake (27°44’S and 48°31’W) is a natural
coastal lake, located in the southeast of Santa Catarina
Island, Brazil, within an area of the Peri Lake Municipal
Park protected by environment legislation (shaded area in
Figure 1). The lake has a surface area of 5.07 km? and average
and maximum depths of 4.2 m and 11.0 m respectively.
It is a freshwater lake without marine influences, and it
is the source of drinking water to human supply in part
of the Santa Catarina Island. The main tributaries are
the Cachoeira Grande and Ribeirdo Grande Streams
(A and B letters in Figure 1).
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Figure 1. Map and location of the Peri Lake, Santa Catarina Island, Brazil, showing the incubation station (central dot).
Letter A represents Cachoeira Grande Stream and letter B represents Ribeirdo Grande Stream. Adapted from Hennemann

and Petrucio (2011).
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2.2. Sampling procedure

Water samples for abiotic and biotic variables, as well
as primary production and respiration measurements were
collected bimonthly (from June/2009 to December/2010)
at four depths (surface, ~ 1.0m, ~ 3.0m and ~ 6.0m),
considering that no thermal stratification was detected
at a temporal scale according to a previous study by
Hennemann and Petrucio (2011). Since no stratification of
the water column was recorded, we considered the whole
water column mixed to estimate the Zeu:Zmix ratio as an
index of light availability.

Monthly maximum and average wind speed and total
accumulated precipitation data were obtained from the
REDEMET/Floriandpolis (Rede de Meteorologia do Comando
da Aeronautica — Aeroporto de Floriandpolis/ Hercilio
Luz, SC).

Water temperature, conductivity, pH and dissolved
oxygen were measured in situ, at four depths using a
multiparameter probe (Y SI-85). Immediately after collection,
total alkalinity was determined by Gran’s titration method
(Mackereth et al., 1978). Water samples were frozen at
—20°C for total nitrogen (TN) and total phosphorus (TP)
determinations (Valderrama, 1981). Additionally, the
TN:TP molar ratio was used to indicate which nutrient
would potentially limit primary production in Peri Lake,
using the classification proposed by Guildford and Hecky
(2000), in which TN:TP > 50 represents lakes P-limited.
Filtered water samples were preserved with phosphoric
acid for dissolved organic carbon determination (Shimadzu
TOC-5000A).

Water samples were filtered (Millipore AP40 glass
fibre) and filters were kept frozen at —20°C to chlorophyll
a determinations, corrected for pheophytin, by extraction
using 90% acetone (Lorenzen, 1967).

2.3. Planktonic net primary production (NPP) and
respiration (R)

Planktonic production and respiration were estimated
by the dissolved oxygen method in light and dark bottles
incubations (Winkler method, in Wetzel and Likens, 2000).
Two light and two dark bottles were incubated at each
depth for three to five hours from 9:00 A.M. to 12:00 or
02:00 P.M. The dissolved oxygen variation was used to
determine respiration rates (R) in dark bottles (initial
concentration minus final concentration) and net primary
production (NPP) in light bottles (final concentration
minus initial concentration). Data in mgO, L™ h™', were
converted to carbon consumption using the respiratory
quotient (RQ = 1.0). Data in mgC m= h™! are shown as
negative values representing respiration rates. The values of
primary production were converted to carbon productivity
using the photosynthetic quotients (PQ = 1.2), and values
in mgC m= h™! are shown as positive values (Wetzel and
Likens, 2000).

Assimilation number (AN in mgC (mgChla h)™), an
indication of photosynthetic efficiency (Ryther and Yentsch,
1957), was estimated from the ratio between NPP rates
and chlorophyll a concentration.
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Phytoplankton samples from the four depths were
preserved with 1.6% formalin. The counting was carried out
using an inverted microscope according to Utermohl (1958)
and as reported in Hasle (1978). For density (ind. mL™")
at least 400 individuals of dominant species were counted
in their naturally occurring form: cells, colonies, cenobia
or filaments. Biovolume (mm?® L) was obtained through
geometric approximation, multiplying each species density
by the mean volume of its cells considering, whenever
possible, the mean dimension of 20 individual specimens
of each species or genus (Sun and Liu, 2003). Dominant
and abundant species were determined according to Lobo
and Leighton (1986).

2.4. Statistical analyses

Anonparametric analysis of variance (Kruskal-Wallis)
was used to evaluate the existence of significant (p <0.05)
differences, at spatial (depths) and temporal (months) scales,
of limnological variables, metabolic rates and phytoplankton
community. Relationships among phytoplankton group’s
biovolume, limnological variables and metabolic rates
were assessed by Spearman correlation. All analyses were
completed using software Statistica 7 (StatSoft®).

3. Results

3.1. Limnological variables

During the study period, temporal variation of water
temperature was assessed, and showed a pattern representing
subtropical areas from the Austral hemisphere. The summer
months (January-March) were warmer than winter months
(June-August), in which the highest water temperature
was recorded in February/2010 (28.8°C) and the lowest
in June/2009 (17.4°C; Figure 2).

No significant difference was evident among the four
depths for physical and chemical variables (p>0.05).
Considering the temporal variation the increase in water
temperature in December/2009 and February/2010 coincides
with the maximal chlorophyll a, the minimal dissolved
oxygen concentrations, and the TN:TP ratio (Figure 2).

Temporally, total phosphorus and nitrogen and,
chlorophyll a concentrations ranged from 7.3 to 39.1 pg L,
from 138.7 to 992.4 pug L' and, from 12.8 to 24 pug L,
respectively. Peri Lake was identified as an oligotrophic
and mesotrophic environment, when phosphorus and
chlorophyll a are, respectively, the used criterions for
trophic status. The TN:TP ratio indicated that Peri Lake
was limited by P, except for December/2010.

The temperature difference between the surface and ~ 6.0m
was <0.2°C in most sampled months. Temporally, the
mixing zone ranged from 7.5 m to 9.5 m and the euphotic
zone (calculated from a Secchi disk) ranged from 2.4 m
to 3.6 m, which resulted in a Zeu:Zmix ratio that clearly
reveals light limitation in the lake during the entire study
period (Figure 3).

The mean wind speed in each month was around
3.27 m s7! (Figure 3) and the summer months are slightly
rainier than winter months. Low precipitation (21.5 mm)
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Figure 2. Limnological variables measured at four depths from pelagic region of the Peri Lake, from June/2009 to
December/2010.
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was observed in June/2009, while precipitation reached
169.9 mm in April/2010 (Figure 3).

3.2. Net primary production (NPP) and respiration (R)

Maximum values of primary production rates were
recorded in October/2009 (74.2 mgC m~ h™), during a
period of high dissolved organic carbon and TN: TP ratio,
and in February/2010 (66.3 mgC m~ h™"), during a period
of high temperature and chlorophyll a. The lowest NPP in
August/2010 (19.1 mgC m= h™') coincided with the lowest
water temperature and dissolved organic carbon concentrations.
The decline in NPP in October/2010 (20.9 mgC m=h') and
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December/2010 (23.6 mgC m= h!; Figure 4; black bars)
was also related to a drop in water temperature, dissolved
organic carbon and TN:TP ratio (Figure 2).

The highest mean net production rates were observed
at the surface (49.8 mgC m~> h'), similar to rates recorded
at ~ Im depth (mean: 47.8 mgC m= h™'). These values
decreased at ~ 3m depth (mean: 37.7 mgC m~ h™') and
were the lowest at ~ 6m depth (mean: 33.7 mgC m= h™').
Although there were no statistical differences among depths
(p>0.05) the months were statistically different (p<0.05;
Figure 4; black bars).
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Figure 3. Mixing zone, euphotic zone, Secchi disk depth during the sampling in the Peri Lake. Maximum and mean wind
speed and precipitation accumulated from June/2009 to December/2010.
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Figure 4. Mean values and standard error of net primary production (NPP, black bars) and respiration (R, white bars)
expressed in mgC m~ h™!' and assimilation number (AN, mgC (mgChla h), black dots), at four depths in the Peri Lake, from

June/2009 to December/2010.
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The assimilation number (AN) was highly variable
temporally (p<0.05; Figure 4; black dots) with the highest
values in October/2009 (5.4 mgC (mgChla h)™) and the
lowest values in December/2010 (1.1 mgC (mgChla h)™).
However, no difference was recorded among the depths
(p>0.05), in which the optimal photosynthetic efficiency
was at the surface (mean of 2.7 mgC (mgChla h)™') and
the lowest at ~ 6m depth (mean of 1.9 mgC (mgChla h) ™).

In October/2009 the highest respiration rate
(64.1 mgC m= h') was recorded, coinciding with high
TN:TP and dissolved organic carbon. The lowest respiration
rate was recorded in October/2010 (17.7 mgC m™ h™'),
a period of low TN:TP and dissolved organic carbon.
The highest respiration was found at ~ 1m depth (mean:
36.0 mgC m> h') and the lowest at ~ 6m depth (mean:
25.8 mgC m™ h!; Figure 4; white bars; p>0.05). Similar
to NPP, respiration rates did not show spatial statistical
difference (p>0.05), but temporally were statistically
different (p<0.05; Figure 4; white bars).

During the whole study period, the mean daily
respiration rate was higher than the mean daily primary
production value. Thus, Peri Lake can be considered as
a heterotrophic lake, where the respiration rates are on
average 0.79 g C m> day! (Figure 5; gray bars) and the
NPP rates are on average 0.33 ¢ C m™ day! (Figure 5;
black bars).

NPP had a strong positive correlation with
DOC (r=0.63, p=<0.05) and water temperature (r=0.32,
p<0.05). On the other hand, respiration was positively
related to both TN (r=0.52, p<0.05) and TP (r=0.36,
p<0.05). However a negative correlation was recorded
between R, wind (r=-0.50, p<0.05), and chlorophyll
a (=-0.42, p<0.05; Table 1).

3.3. Phytoplankton community

Altogether 28 freshwater phytoplankton taxa including
species or genus were identified, from five taxonomical
classes (Table 2). Chlorophyta was the most diverse
class (16 taxa), followed by Cyanobacteria (7 taxa),

Bacillariophyta (3 taxa), Dinophyta and Euglenophyta
(1 taxa each). However, Cyanobacteria were the most
important group both in terms of density (90.0%) and
biovolume (91.6%). Chlorophyta was the second class
in importance to algae density (9.6%) and to biovolume
(5.4%). Dinophyta, Bacillariophyta and Euglenophyta
together contributed to 0.4% of the density and 3.0% of
the biovolume (Figures 6 and 7). The low Cyanobacteria
density and biovolume in low temperature months promoted
a slight increase in Chlorophyta density and biovolume.

The greatest density values were recorded in
October/2009 (230 x 10% ind. mL'; Figure 6), a period of
the high primary production rates, when Cylindrospermopsis
raciborskii contributed to 197 x 103 ind. mL". This species
was dominant during all the study, with exception of
December/2009 when Limnothrix sp. was predominant
and the greatest Cyanobacteria biovolume was registered
(97.6 mm® L'; Figure 7).

Similar to the metabolic rates and limnological variables
the density and biovolume did not present significant
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Figure 5. Daily estimative of primary production and

respiration from integrated depth, in the Peri Lake, from

June/2009 to December/2010.

Table 1. Spearman correlation performed between NPP, R, limnological variables and phytoplankton. Abbreviations: TN:
total nitrogen; TP: total phosphorus; WT: water temperature; Cond: conductivity; Chla: chlorophyll a; Wind: wind mean
speed; DOC: dissolved organic carbon; bCyano: Cyanobacteria biovolume; bChloro: Chlorophyta biovolume; bOther:

Bacillariophyta + Dinophyta + Euglenophyta biovolume.

NPP R TN TP WT Cond Chla Wind DOC bCyano bChloro
R -0.11
TN 0.18 0.52%
TP -0.22 0.36* 0.21
WT 0.32*% -0.18 -0.61*  -0.08
Cond 0.08 0.07 -0.04 0.04 0.26
Chla 0.11 -0.42*%  -0.54*  -0.06 0.46* -0.02
Wind  -0.23 -0.50%  -0.62*  -0.03 0.27 0.12 0.34%*
DOC 0.63*  0.28 0.27 -0.01 0.41* 0.09 -0.11 -0.44*
bCyano 0.51*%  0.46* 0.36* 0.22 0.35%  0.20 0.12 -0.48*  0.73%
bChloro  0.09 0.12 -0.07 -0.34*  0.18 -0.10  -0.02 -0.47*  0.10 -0.02
bother -0.01 0.09 0.19 -0.05 -0.18 0.05 -0.17 0.03 0.00 -0.10 -0.03
Significant correlations are marked with * (p<0.05, n=40).
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Table 2. Phytoplanktonic species observed in Peri Lake from June/2009 to December/2010.

Taxa

Cyanobacteria

Chlorophyta

Aphanocapsa spp.

Chroococcus turgidus (Kiitzing) Nageli

Cylindrospermopsis raciborskii (Woloszynska)

Seenayya and Subba-Raju

Limnothrix sp.

Microcystis cf. lameliformis Holsinger
Planktolyngbya spp.

Pseudanabaena cf. galeata Bocher

Dinophyta
Peridinium spp.
Euglenophyta
Euglena sp.
Bacillariophyta

Aulacoseira ambigua (Grunow) Simonsen
Encyonema sp.

Fragillaria sp.

Actinastrum aciculare Playfair var. aciculare cf.
minimum (Huber-Pestalozzi) Compére
Botryococcus sp.

Chlamydomonas sp.

Chlorella homosphaera Skuja

Closterium sp.

Coelastrum polychordum (Korsikov) Hindak
Cosmarium bioculatum Brébisson var. depressum
(Schaar.) Schmidle

Cosmarium sp. 1

Cosmarium sp. 2

Monoraphidium arcuatum (Korsikov) Hindak
Monoraphidium irregulare (Smith) Komarkova-
Legnerova

Scenedesmus cf. oahuensis (Lemmermann) Smith
Spyrogira sp.

Staurastrum pseudotetracerum (Nordstedt) West and
West

Staurastrum tetracerum Ralfs var. evolutum West and
West

Tetraedrum caudatum (Corda) Hansgirg
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difference among depths (p>0.05), but a significant temporal
variation was observed (p<0.05).

The temporal variation in cyanobacterial biovolume
was positively correlated to the variation in TN (r=0.36,
p<0.05) and water temperature (1= 0.35, p<0.05). Due to
the strong positive correlation found between Cyanobacteria
biovolume and DOC (r=0.73, p<0.05), we suggest that DOC
is of autochthonous origin. The Chlorophyta biovolume was
negatively correlated to wind (r=—0.47, p<0.05) and TP
(r=-0.34, p<0.05). The wind also negatively affected the
Cyanobacteria (r=—0.48, p<0.05), and the cyanobacterial
biovolume was correlated to both NPP and R (r= 0.51,
p<0.05; r= 0.46, p<0.05; respectively; Table 1). Other
significant correlations are highlighted in Table 1.

4. Discussion

4.1. Vertical variation

The Peri Lake features, such as its position along
shorelines, its exposure to local wind, and its relative
shallowness, prevented water column stratification, as
was observed by Hennemann and Petrucio (2011) in Peri
Lake, as well as in other environments (Amarasinghe and
Vijverberg, 2002; Wondie et al., 2007; Montero et al., 2011).

Regarding the vertical variation of primary production,
the highest values were recorded at the surface, decreasing
towards to ~ 6m depth, even though these changes were

Braz. J. Biol., 2015, vol. 75, no. 2, p. 460-470

not significant. This slight difference among depths is
associated with light availability, high at the surface, since
chlorophyll @ and phytoplankton density were similar
among the surface and ~ 1.0m.

Although Cyanobacteria species are capable of regulating
their position in the water column through gas vesicles,
the water turbulence, induced by the wind speed, mixed
phytoplankton into the entire water column, reducing the
light limitation effects (Petersen et al., 1997), explaining
the little difference in primary production recorded along
the entire water column, especially at ~ 6m depth. These
light limitation tolerance is common to some Cyanobacteria
species, for example, in Carioca Lake, Planktolyngbya
limnetica was centered at a depth where light penetration is
less than 1% (Reynolds et al., 1983). Hodoki et al. (2011)
also have showed that, although Cyanobacteria have low
photosynthetic capacity, it keeps photosynthetic rates
below 1% of light incident.

4.2. Temporal variation

The magnitude of temporal variability in phytoplankton
biomass and primary production has been estimated using
different indices. Melack (1979) used the coefficient
of variation (CV=SD/Xx100), which gives a relative
measure of variability and is not sensitive to extreme
values. Photosynthetic rates coefficient of variation in
Peri Lake (47%) was similar to respiration’s coefficient of
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variation (51%) and these values resemble to NPP and R
of subtropical lakes, intermediate between equatorial and
temperate systems (Beaver and Crisman, 1991).

The production rates and assimilation numbers from
Peri Lake showed lower values than other tropical lakes
(Erikson et al., 1998; Stenuite et al., 2007; Arst et al., 2008;
Tilahun and Ahlgren, 2010; Montero et al., 2011), but
were similar to Brazilian lakes, such as some lakes in
the middle of the Rio Doce basin (Petrucio et al., 2006),
Carioca Lake (Barbosa, 1979), and Guarapina Lake, in
southeastern Brazil (Moreira and Knoppers, 1990). Although,
the production rates of Peri Lake are within the range of
data derived from Bassoli (2006), it was lower than some
environments, such as Paranoa Lake (Cavalcanti et al., 1992)
and Jurumirim Reservoir (Henry et al., 1998), the latter
classified as oligotrophic. The respiration rates in Peri
Lake were also lower than Itapeva Lake, which varied
from 49.9 mgC m= h™' to 131.1 mgC m™ h™! (Cardoso
and Marques, 2009). The relative low metabolic rates
and photosynthetic efficiency can be a result of some
environmental features, such as oligotrophy status, P—and
light limitation, as well as low photosynthetic capacity of
Cyanobacteria.

The oligotrophic condition, P— and light limitation in
Peri Lake resulted in heterotrophy (R>NPP) in all sampled
months, typical of oligotrophic lakes (Cole et al., 1994).
Since the environment is limited by light (due turbid,
high algal biomass or sediment re-suspension), and the
phytoplankton individuals remain a longer time in the
dark (Tonetta et al., 2013), high respiration rates and low
primary production rates are expected.

Cyanobacteria were the major phytoplankton
contributors in Peri lake, in particular C. raciborskii, a
species recorded in different regions of the world, especially
in Brazilian lakes of different trophic status (Crosseti and
Bicudo, 2008; Dantas et al., 2012). The low underwater
light and nutrient deficiency in Peri Lake determined the
Cyanobacteria species belonging from Sn (C. raciborskii)
and S1 (Limnothrix sp. and Planktolyngbya spp.) functional
groups (Reynolds et al., 2002; Padisak et al., 2009). The
life strategies, competitiveness and phenotypic plasticity
of these species ensure the predominance over other
phytoplankton groups (Bonilla et al., 2012).

During the sampling period, a high decrease in
nitrogen conditions and phosphorous affected respiration
more than primary production. The first peak in NPP was
recorded in October/09, which was related to high TN and
Cyanobacteria. In December/09 the TN concentration
decreased but the Cyanobacteria maintained high biovolume,
density and consequently NPP was high. However, in
February/10 both Cyanobacteria density and biovolume
decreased and an increase in Chlorophyta density and
biovolume was recorded. Although during this period
the TN concentration was low, the NPP was similar to
December/09, which suggests a more efficient use of this
nutrient by Chlorophyta than Cyanobacteria.

TN and TP exhibited stronger correlations with R
and Cyanobacteria than NPP, suggesting that initially,
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the Cyanobacteria dominance and its temporal variation
are determined by nutrient (coupled with temperature),
consequently determining the production rates. This is
corroborated by strong correlation between NPP and
DOC, since Fontes et al. (2013) have indentified that
filamentous Cyanobacteria played an important role in
releasing DOC. Although the statistical significance was
weak, TN was positively correlated to NPP while TP was
negatively correlated.

Phytoplankton productivity and respiration were
sensitive to temperature variations. In general, the
response to water temperature was positive in primary
production and negative in respiration, but this response
depended of the nutrient availability, since the metabolic
processes is dependent on many factors (Tadonléke, 2010).
Tonetta et al. (2013) have also demonstrated that changes in
water temperature and nutrient availability drive temporal
variation in phytoplankton in Peri Lake.

Thus, the results of this study suggest that the
phytoplankton in Peri Lake is adapted to environmental
conditions through a combination of physical and
chemical features. The wind induces mixing and can
play an important role in the redistribution of nutrient and
phytoplankton characterizing this lake as polymictic. The
temporal variations of nutrient, especially nitrogen, and
water temperature were strong and resulted in marked
differences in the growth of phytoplankton groups and
consequently in metabolic rates, where respiration is
higher than primary production.
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