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asonal variation of phytoplankton indicates small impacts
 anthropic activities in a Brazilian Amazonian reserve
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ntroduction

The main rivers of the Brazilian amazon rainforest are
ng exploited for purposes of hydroelectric generation.
ensive constructions of reservoirs produced huge

impacts to the aquatic ecosystems of the watershed in
the last years (Tundisi et al., 2006).

Uncontrolled land occupation and use by populations
living along reservoir areas are a negative impact, which
favors the increase of pollution sources to the water body.
Sources of pollution in aquatic ecosystems are mainly from
the discharge of sewage, pesticides from agricultural and
reforestation uses. These factors contribute to the increase
of nutrients (N and P) in the water body, consequently
favoring eutrophication (Straskraba and Tundisi, 2013).
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A B S T R A C T

Knowledge about phytoplankton community structure helps in assessing the quality of a

water body. However, variables related to it are not routinely surveyed in most of the water

quality monitoring programs. Our approach included studying the diversity of these

organisms, in a large tropical reservoir in a Brazilian Amazonian reserve. The research was

carried out in the rainy and dry season when measurements were performed every three

hours and at five different depths. A total of 40 water samples were collected to analyze

temporal variations of abiotic and biotic factors. Physico-chemical parameters were

analyzed to characterize the ecosystem and relationships between these variables and

phytoplankton functional groups were statistically tested. The data were examined using

analysis of variance and canonical correspondence analysis. We identified 9 functional

groups in both seasons. The functional group M, which represents organisms with

developed adaptations to high insolation and stable environments, had a higher relative

percentage of contribution to the total biomass in the rainy season. Group P, which tends to

be present in the more eutrophic lakes and is tolerant to carbon deficiency, had a higher

relative percentage of contribution to the total biomass in the dry season. This study

indicated that the fluctuations of the water level reflected in seasonal changes of

phytoplankton biomass and environmental variables. Additionally, this experiment

permitted to advise on sampling strategies for monitoring phytoplankton in lakes and

reservoirs.
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Studies on the functional roles and structural adapta-
tions of planktonic organisms are a subject of very interest
by researchers’ worldwide (Reynolds et al., 2002). The
study of planktonic organisms is of great ecological
importance because phytoplankton produce organic mat-
ter by photosynthesis and so represent the base of the food
chain (Lee, 2008). Moreover, they are considered as a good
indicator of the physical and chemical conditions of water
in reservoirs due to their diversity index assessment (Costa
et al., 2009). The diversity of planktonic organisms and
their various compositions may signal the deterioration of
a water body as they grow excessively under water-rich
nutrient conditions (Bilous et al., 2016; Tundisi and
Tundisi, 2012).

Phytoplankton are autotrophic organisms that are
present in most freshwater basins. These organisms have
the tendency to perform vertical migration as a result of
any significant change that occurs in the water environ-
ment (Mellard et al., 2011). This ability to regulate in a
vertical position is related to their intrinsic features (such
as flagella, walls, and mucilages, plastids, etc.) and extrinsic
features related to the water movements and changes in
variables such as temperature, nutrient loading and light
availability as described by Xu et al. (2011); Carl et al.
(2004). Furthermore, when in functional group association,
phytoplankton provide a better understanding of the
ecosystem dynamics and species selection (Okogwu and
Ugwumba, 2012).

Artificial ecosystems such as hydroelectric reservoirs
are lakes which are continually manipulated by human
activities. They are intermediate ecosystems between lotic
and lentic environments (Margalef, 1983). In addition,
reservoirs are important not only for electrical power
generation but also for their multiple roles such as water
supply, flood control, and navigation. However, human
activities such as fisheries and recreation in these artificial
lakes have been reported as the main cause for eutrophi-
cation occurrence (Straskraba and Tundisi, 2013).

Eutrophication of water bodies is characterized by
excessive production of phytoplankton biomass, which is
usually associated with increasing of nutrients concentra-
tion, such as phosphorus and nitrogen (Ansari et al., 2011).
High phytoplankton biomass is known as ‘‘algae blooms’’
and these can be harmful to human health having a drastic
effect on the quality and availability of water for various
purposes (Tundisi et al., 2004). Harmful algae ‘‘blooms’’
cause esthetic degradation of lakes and reservoirs resulting
in the formation of foam on the water surface, unpleasant
taste and odor in drinking water and health effects from
the toxins present in some of these algae (Smith and
Schindler, 2009a; Smith and Schindler, 2008; Smith and
Schindler, 2009b).

In this work, the main goal was to investigate
phytoplankton response to the effect of the nutrient load
at the surrounding areas of a Brazilian Amazonian reserve.
Thus, as phytoplankton perform vertical migration as a
result of any change in the environment, we proposed to
take measurements in temporal and vertical scales.
According to Mellard et al. (2011), the vertical dimension
is the major axis responsible for explaining phytoplankton
heterogeneity due to its effect on primary production as

well as energy transfer to high trophic levels (Lampert
et al., 2003).

In addition, we hypothesized that there is a correlation
between the diurnal and seasonal variations in vertical
distribution of phytoplankton with nutrient loads likely
caused by human activities, such as fish-farming and
recreation.

2. Materials and methods

2.1. Description of study site

The study area was the Alcobaça Sustainable Develop-
ment Reserve (SDR) which is located in the Tucuruı́
reservoir, the second largest in Brazilian territory
(Espı́ndola et al., 2000). This SDR extends from
3850032.800 S to 49840038.800 W to 483049.600 S to 498550

36.100 W and occupies 36.128,00 ha of the protected areas
around the Tucuruı́ reservoir (Fig. 1).

The Alcobaça SDR is part of a mosaic of protected areas
dedicated to biodiversity conservation. The main charac-
teristic of this reserve is the presence of several islands,
which were formed by the Tucuruı́ dam. According to
Barata (2011), the environmental characteristics of this
RDS remain with little changes and huge biodiversity. In
spite of the legislation prohibits any predatory exploitation
of the natural resources, the RDS has being occupied
without planning. This issue direct affects forestry
resources, which has to be cut-off for land occupation.

This Amazonian SDR has faced problems related to
deforestation along last decade but it is decreasing as
showed in Fig. 2b (INPE, 2017). This process has serious
consequences such as soil erosion, leaching, disturbance of
the water, oxygen, and carbon dioxide cycles. The leaching
of soil, during rainfall periods and high waters, loads
organic matter into the aquatic environment, thereby
increasing nutrient levels, total solids, and decreasing
water transparency. These consequences directly affect the
reservoir ecosystem, which has a varying water level
throughout the year. The water level in Tucuruı́ reservoir is
characterized by four distinct periods: rising (December–
February); high (March–May); falling (June–August) and
low (September–November) (Eletronorte, 2016). Main
characteristics of the Tucuruı́ reservoir are in Table 1
and the water level along 2014 in Fig. 2a.

We conducted the experiment at a single site (Caraipé
1) in one day each season. The Caraipé 1 is located at the
main water mouth of the Amazonian SDR (03850003.400 S to
49842032.1000 W). It is characterized by shallower waters
and longer residence time comparing to the whole reserve
and reservoir due to its dendritic morphology. Further-
more, dendritic edges and several islands around Caraipé
1 contribute to the increase of organic matter production
due to water level fluctuation (Espı́ndola et al., 2000).
Ecosystems with long residence time usually present high
density and diversity of phytoplankton (Esteves, 2011).

2.2. Material

Samplings were performed during two seasonal peri-
ods: rainy (June 2014 – the falling phase of the Tucuruı́
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ervoir) and dry (September 2014 – low water) at a
gle station and in one day each season. The monthly
fall for the year of 2014 was acquired from the

zilian Meteorological Institute (INMET) (INMET, 2017)
 the Tucuruı́ water level from ANA (2017).

Abiotic and biotic variables were collected from the
ter column on the surface, 3 m, 6 m, 10 m and 15 m, and
four different times: 10 am, 1 pm, 3 pm, and 6 pm.
ths were estimated according to the light penetration,
ulated by Secchi disk and the photic zone was

ermined multiplying Secchi disk by three (Tyler,
8). A total of 40 water samples (20 samples in the

rainy season and 20 in the dry season) were collected to
analyze temporal variations of abiotic and biotic variables.

The following variables were measured in situ: water
temperature (digital thermometer, SM 2550), conductivity
(Hatch device, SM 2510) and pH (PHTEK device, NBR 9896/

1993). Dissolved oxygen (SM 4500-OC), turbidity (nephe-
lometric method, SM 2130B), ion ammonium (SM 4500-
NH3C), total phosphorus (ascorbic acid method (USEPA,
1978)), Chl-a was estimated using the extraction by
acetone method (Gotterman et al., 1978), total suspended
solids (SM 2540-D), color (spectrophotometer, SM 2120B)
and alkalinity (SM 2320) were measured in the laboratory.

Water samples (12 L) for phytoplankton analysis were
collected with a bucket at the surface and with a Van Dorn
bottle in the other depths and passed through a mesh
plankton net with 20 mm. Samples were fixed with 4%
Lugol’s solution and concentrated to approximately
150 mL. Then the phytoplankton samples were stored in
plastic bottles and transported to the laboratory for further
processing and analysis.

2.3. Methods

Phytoplankton analysis was done with the aim to
identify taxonomic composition and population structures
in the water column. Quantitative analysis was performed
under an inverted microscope (Zeiss135) using the sedi-
mentation method proposed by Utermöhl (Utermöhl, 1958)

Fig. 1. Study area.
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and samples were set up in different chamber sizes ranging
from 2 to 6 mL. The minimum sedimentation time was 24 h
for all samples (Olrik et al., 1998). Counting was performed
for one transect of the sedimentation chamber at different
magnifications (of 100�, 200�, and 400�) for different taxa,
depending on their respective size. Unicellular organisms,
filaments, trichomes, colonies, and coenobium were con-
sidered as a single organism. Taxonomic identification was
based on Bicudo and Bicudo (1970), Bicudo and Menezes
(2006), Komárek et al. (1983), Sant’Anna and Azevedo
(2000) and organisms were separated into the divisions
Cyanophyta, Chlorophyta, Charophyta, Dinophyta, Ochrophyta

and Euglenophyta (Hoek et al., 1995) and functional groups.
Phytoplankton biomass was estimated based on the cell

or colony dimensions and cell numbers. Biovolume was
calculated using formulae proposed by Hillebrand et al.
(1999) and expressed into biomass [mg (fresh weight L�1)],
where 1 mm3 L = mg L�1 = 1 mg L�1 as described by Wetzel
and Likens (2000).

Phytoplankton diversity was calculated using Margalef
index (Gamito, 2010; Margalef, 1983) and their associa-
tions were established according to Reynolds et al. (2002)
and Padisák et al. (2009). Functional groups of phyto-
plankton were determined from species contributing equal
or more than 5% to the biovolume of each observation.

Classification of the phytoplankton through their
functional attributes is a way to better understand,
describe and forecast their behavior due to any change
in the ecosystem. Reynolds et al. (2002), proposed a list of
functional groups, which is based on survival strategies
such as tolerance and sensibility to different environmen-
tal conditions. This list includes 31 groups of species
(assigned as codons and represented by letters), belonging
to different classes, but with similar characteristics to
prevail in specific environmental conditions.

2.4. Statistical analysis

In order to enable comparisons between time and
depths in both seasons and the validation of the results,
normality tests of Lilliefors and Jarque–Bera were per-
formed with a significance level of 5%. Since the abiotic
variables presented a different scale of measurements,
they were standardized for z-score and biotic variables
were the fourth root transformed.

In addition, we investigated if a multiple depths and time
sampling approaches were needed to estimate the phyto-
plankton biomass in the reservoir, due environmental
changes. Thus, to test the significance of the sampling
strategy of this experiment, the phytoplankton biomass was
subjected to a two-way analysis of variance (ANOVA) and
Tukey’s honest significant difference (HSD) with a signifi-
cance level of 5%. Depth and time were considered as factors
and the test was performed for both the dry and rainy
seasons.

Canonical correspondence analysis (CCA) was per-
formed using phytoplankton functional groups and abiotic
variables to assess possible associations between them
during both seasons. The functional groups used in this
analysis were selected from the species which had relative
contribution equal or greater than 5% to the total
biovolume of at least one sample. Statistical analyses
were performed using the program R version 3.3.1
(R Development Core Team, 2008).

3. Results

3.1. Environmental variables

The rainy season was characterized by lower tempera-
tures (33.35 � 0.81 8C) and higher accumulated precipitation
levels (81.9 � 7.83 mm) and the dry season by higher
temperatures (34.07 � 0.86 8C) and lower accumulated
precipitation levels (36.2 � 5.97 mm). The water level in
the reservoir reached values of 73.84 m in June and 65.77 m
in September. The Fig. 2 (in the study are section) shows the
rainfall and the water level distributed along the year of 2014.

The water temperature did not reveal extreme changes
in a temporal scale. In the rainy season the average was
30.2 8C and in the dry season, 29.7 8C. The average
conductivity was 36.39 (�0.6) mS cm�1 in the rainy season
and 31.89 (�0.07) mS cm�1 in the dry season. Higher values
of dissolved oxygen were recorded in the rainy season, with
an average of 5.57 (�1.83) mg L�1.

The total phosphorus average was 12.24 (�2.6) mg L�1

in the rainy season and 11.85 (�1.47) mg L�1 in the dry

Fig. 2. (a) Monthly accumulated rainfall and the water level of the Tucuruı́

reservoir along the year of 2014. (b) Deforestation at SDR Alcobaca from

2000–2015.
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son. Ion ammonium 28.37 (�3.93) mg L�1 in the rainy
son, and 47.05 (�7.54) mg L�1 in the dry season. Both
iables revealed variation in vertical and temporal scales.
Most of abiotic variables revealed significant variation
ween seasons (ANOVA and THD tests); p > 0.05 (Fig. 2).

ever, TP and Chl-a concentrations were not signifi-
tly different. Significant variations in depth were
erved for water temperature (F = 10.32; p < 0.001),

 (F = 13.65; p < 0.001), pH (F = 4.15; p < 0.01), EC
 5.53; p < 0.01), Chl-a (F = 4.37; p < 0.01), and color
 3.41; p < 0.05), whereas over time significant varia-
s were observed for water temperature (F = 3.94;

 0.05), ion ammonium (F = 3.74; p < 0.05), TP
 4.49; p < 0.01) and color (F = 3.42; p < 0.05) (Fig. 3).

 Phytoplankton community

1. Qualitative analysis

The phytoplankton composition of the Caraipé 1 site in
obaça SDR was classified into five divisions. These were
nophyta (69), Chlorophyta (50), Charophyta (48), Dino-

ta (1), and Bacillariophyta (20) cumulating into 188 taxa

for both seasons. Fig. 4 (upper panel) shows phytoplankton
biomass for rainy and Fig. 4 (lower panel) dry seasons,
respectively.

3.2.2. Biomass

The highest phytoplankton biomass was recorded at
1 pm in 15 m in the dry season (Fig. 4, lower panel). In the
rainy season, the mean biomass was 1.80 (�1.15) mg L�1

and in the dry season 7.95 (�4.58) mg L�1. Although the dry
season exhibited a significant higher phytoplankton biomass,
diversity indices were lower compared to the rainy season.

In the rainy season, Cyanophyta was the most important
division with mean biomass of 0.99 (�0.8) mg L�1 and 83.1%
of relative contribution in the biomass at 1 pm at the surface
water (Fig. 4, upper panel). In the dry season, Charophyta was
the most abundant division recording 84.2% of the relative
contribution of the total biomass (Fig. 4, lower panel).
However, in the dry season, Bacillariophyta and Chlorophyta

divisions presented peaks at 1 pm.
The main species of Cyanophyta and Charophyta, which

contributed to increase the biomass in Alcobaça SDR were
Microcystis sp. and Anabaena sp., in the rainy season, while

Fig. 3. Boxplot of the abiotic factors in the dry and rainy seasons.
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Aulacoseira granutala, Staurastrum sp., and Staurodesmus

sp., in the dry season. Bacillariophyta represented by
Rhizosolenia sp. showed peaks of biomass in the dry season.
More details on species contribution to the total biomass
are available in the supplementary material (Table 1).

3.2.3. Functional groups of phytoplankton

Functional groups of phytoplankton varied significantly
on temporal and vertical scales in the rainy season and in
temporal scale in the dry season (ANOVA; p > 0.05). Taxa
were grouped in 9 associations (codons) according to
Reynolds et al. (2002). These associations considered only
species which contributed with 5% or greater to the total
biomass of one observation. The Cyanophyta division
presented a higher number of associations with 4 (H1,
Lo, M, and S1), Chlorophyta had 1 association (J),
Bacillariophyta had 2 associations (P, A) and Charophyte

had 2 associations (Na, P), and Dinophyta 1 association
(Lo). A table with the functional groups and their main
characteristics found in this work is available in the
supplementary material (Table 2).

3.3. Diversity indexes

Species richness (S) during the rainy season was higher
than those recorded during the dry season. Although the
dry season was characterized by the dominance of the
Charophyta division on the vertical profile, our results
show a tendency toward a homogenous distribution of the
assemblages, considering both temporal and spatial scales.

The Margalef’s diversity index ranged from 7.03 to
11.76 in the rainy season (Fig. 5) but 6.93 to 9.96 in the dry
season. Higher values, for the rainy season, were recorded
at 10 am and 3 pm in surface water. In the dry season, high
values were recorded at 3 pm at 10 m.

3.4. Sample strategies

During the rainy season, significant differences be-
tween phytoplankton biomass and sampling times
(F = 7.56 < Fcr- = 3.49 and p = 0.004) and depth
(F = 16.71 < Fcr- = 3.26 and p < 0.001) were observed at a
0.05 confidence interval. The time of sampling during the

Fig. 4. Phytoplankton biomass in the rainy season (upper panel) and dry season (lower panel) at Caraipé 1 – Alcobaça SDR.
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 (between 10 am and 6 pm) showed significant during
 rainy season.
For the dry season, no significant differences between
ter depth and sampling times were found with a two-
y analysis of variance at the 5% confidence level. For
th we obtained (F = 0.20 < Fcr = 3.26 and p = 0.93) and
sampling time (F = 1.20 < Fcr = 3.49 and p = 0.35).

 Canonical correspondence analysis

Canonical correspondence analysis (CCA) was per-
ed to investigate any association between phyto-

nkton functional groups and abiotic variables. Fig. 6
tains a result of the CCA analysis and Tables 3 and

resent the summary statistics for axis 1 and 2 of the CCA
 significance test for rainy and dry seasons, respective-

relationship between phytoplankton functional groups
and abiotic variables (p < 0.05) in both seasons.

In the rainy season, CCA analysis (Fig. 6. left side)
reveals that the first two axes of the abiotic variables
explained 70% of the variance in phytoplankton functional
groups. The test of significance showed significant results
for both axes (Table 2). Higher contributions to axis 1 were

6. Canonical correspondence analysis (CCA) between abiotic explanatory variables and the most frequent phytoplankton functional group in the rainy

on (left side) and in the dry season (right side). The explanatory variables are represented by lines with arrows and phytoplankton functional groups by

 color (M, MP, Lo, S1, H1, P, Na, J, A).

ig. 5. Seasonal variation of phytoplankton species richness and Margalef diversity index of Caraipé 1 considering absolute numbers or densities.

Table 2

Summary statistics for the first two axes of CCA on the phytoplankton

functional groups and abiotic variables in the rainy season.

Axis 1 Axis 2

Eigenvalues 0.10 0.08

Proportion explained variance (%) 40.47 29.54

Test of significance of first canonical F = 3.38 F = 2.47
axis (Chi-square) p = 0.013 p = 0.028

Permutation test (nperm = 999) confirmed linear
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from the loading of water transparency (�0.56), total
phosphorus (0.33) and ion ammonium (�0.25). Higher
contributions to axis 2 were from the loading of turbidity
(0.41), alkalinity (0.39), water temperature (�0.36) and
ammoniacal nitrogen (�0.25) as shown in supplementary
material (Table 3).

Phytoplankton functional groups Na and J were more
associated to alkalinity and total phosphorus, whereas, MP
was more related to total phosphorus and water tempera-
ture. Group S1, was more related to conductivity (EC) and
turbidity when the accumulated precipitation was high.
Groups Lo, M, P, and H1 were related to water tempera-
ture, ion ammonium (NH4) and water transparency.

In the dry season, CCA analysis (Fig. 6. right side) shows
that the first two axes of the abiotic variables explained
76% of the variance in phytoplankton functional groups.
The test of significance showed significant results for both
axes (Table 3). Abiotic variables responsible for predicting
the spatial and temporal distribution of phytoplankton
functional groups in the dry season were from water
transparency (0.85), total phosphorus (�0.46), water
temperature (0.22), alkalinity (0.21), conductivity
(�0.47), and ion ammonium (�0.30).

Phytoplankton functional groups A was close associat-
ed to turbidity and water transparency while group M was
high associated to total phosphorus. Group S1, was more
related to conductivity (EC). Groups Na, P, and MP were
related ion ammonium (NH4), total phosphorus, and
conductivity. More about inter-set correlations in the
dry season is available in supplementary material
(Table 4).

4. Discussion

The main goal of this study was to investigate
phytoplankton response to environmental changes in a
Brazilian Amazonian reserve. Thus, we investigated their
vertical migration on a temporal scale. The main hypothe-
sis was that the phytoplankton vertical and temporal
distribution would correlate with nutrient loads likely
caused by human activities in the surrounding areas of this
reserve.

The fieldwork of this research included the period of the
high water level of the Tucuruı́ reservoir (June/2014) and
low water level (September). Variations in the water levels
increase resuspension and accelerate nutrient cycling,
increasing suspended solids and dissolved nutrients
concentrations (Straskraba and Tundisi, 2013). Thus, when
the water level increases, the water from the flooded areas
of the reservoir transports nutrients, thus affecting

biogeochemical cycles, and consequently the phytoplank-
ton biomass (Tundisi and Tundisi, 2012).

Additionally, factors such as weather, thermic stability,
and geographic distribution are important to explain
phytoplankton dynamics in aquatic environments (Tundisi
et al., 2007). In the rainy season, the accumulated
precipitation and the reservoir water level contributed
to the dominance of Cyanophyta division. Cyanobacteria
dominance is related to eutrophication conditions, which
concerns water management due to their potential impact
on health (through its toxins), ecology, and environment
(Chien et al., 2013). However, high values of diversity index
were also recorded in the rainy season. High values of
diversity index indicate an improvement of the physico-
chemical quality of the water as defended by Tyokumbur
and Okorie (2013).

The phytoplankton functional groups showed to be
varying between the rainy and dry season. In the rainy
season, precipitation and water level favored the domi-
nance of Cyanophyta, which recorded a higher biomass
than other divisions. The group M was dominant indicating
that higher temperatures and the stability of the water
level might contribute to increase Microcystis aeruginosa

biomass in this season. Cyanophyta division has been
reported as the dominant division in several Brazilian
ecosystems (Gomes et al., 2009) and it is due to their wide
variety of morphological and metabolic adaptions to a
diverse ecosystem (Sant’Anna and Azevedo, 2000).

In the dry season, the temporal and vertical distribution
of the phytoplankton biomass was dominated by group P
with high contribution of Staurastrum sp., and Staurodes-

mus sp., in all depths and times and peaks of Rizhosolenia

sp., at 1 pm. Additionally, due to the low accumulated
precipitation levels and high concentrations of ammonium
ions, phytoplankton biomass increased and low diversity
index was recorded. Ammonium ion is the inorganic
nitrogen form, which is easier assimilated by phytoplank-
ton than nitrate (Rückert and Giani, 2004) whereas, low
diversity index indicates eutrophic conditions (Tyokumbur
and Okorie, 2013).

In aquatic systems, pH variations affect phytoplankton
metabolism and nutrient solubility (Esteves, 2011). A
water surface showing low pH is characterized by low
phytoplankton diversity, not necessary low biomass
(Straskraba and Tundisi, 2013). Hence, some species of
the Desmids order, increase biomass in pH < 7 (Coesel,
1982). Therefore, the dominance of group P is explained by
low pH levels in the dry season.

According to Reynolds et al. (2002), species associated
with the group P are able to live in more eutrophic waters
and tolerate low light availability. Low water levels in the
dry season mixed the water column bringing to the upper
layer other species such as Staurastrum sp., Staurodesmus

sp. and Rhizosolenia sp. genus.
Results from Deus et al. (2013) described that the

Tucuruı́ reservoir hydrodynamic affects phytoplankton
growth. Thus, when the reservoir is falling, phytoplankton
growth is limited by incoming water flow and short
residence time. With reservoirs, residence time is an
important regulating factor to the biomass levels and
species succession (Tundisi and Tundisi, 2012). Therefore,

Table 3

Summary statistics for the first two axes of CCA on the phytoplankton

functional groups and abiotic variables in the dry season.

Axis 1 Axis 2

Eigenvalues 0.19 0.12

Proportion explained variance (%) 47.35 28.95

Test of significance of first canonical

axis (Chi-square)

F = 4.74

p = 0.002

F = 2.89

p = 0.033
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 suggest that the residence time, which may be higher
n at other locations in the reservoir, contributed the
reasing of phytoplankton biomass. The hypothesis of
ger resident time attributed to the Caraipé site is due to

 be a dendritic area. Authors such as Espı́ndola et al.
00), Straskraba and Tundisi (2013), and Nybakken and
tness (2005) reinforced this idea by reporting that
en the residence time is long, the phytoplankton
mass increases due to nutrient loaded from the
inage basin.
CCA analysis revealed that the main environmental
iables responsible for explaining the variation in
toplankton functional groups in the rainy season were

ter temperature, conductivity, turbidity, water trans-
ency, and nutrients. High temperature, water column
ility, and nutrients availability result in decreasing of

orophyta and increasing of Cyanophyta due to the
nophyta capability to migrate in the water column by
ulating cell density (Chien et al., 2013).
CCA analysis for dry season revealed that the main
ironmental variables explaining the phytoplankton
ctional groups variation were water transparency,
rients, and conductivity. Group M showed a preference
total phosphorus and group A for water transparency.
up M is represented by cyanobacteria colonies,
anisms with preferential adaptations for eutrophic to
ereutrophic ecosystems whereas, A association is
resented by organisms which have affinities for clear
ter with phosphorus deficiency (Reynolds et al., 2002).

onclusions

We investigated the phytoplankton functional groups
ponse to the effect of the nutrient load at the
rounding areas of a Brazilian Amazonian reserve. To
omplish this goal we studied phytoplankton in vertical

 temporal scales, as well as relating them to
ironmental variables.
In general, the phytoplankton biomass was driven by
sonal changes in the water level of the reservoir and
s most influenced by abiotic variables such as water
perature, pH, water transparency and nutrient loads.

Our results indicate that the water level in this reserve
the main factor causing changes in phytoplankton
cture and composition and not human interference as
othesized. Low water levels favored desmids and
illariophyta, indicating a mixed water column while
h water levels favored Cyanophyta. Even though there
 not reported harmful algae blooms in the waters of this
zilian Amazonian reserve, the dominance of Cyano-
ta raises concern to the water management due to its
ential impact on human health and esthetic degrada-

 of aquatic ecosystems.
Interestingly, our results revealed that in the dry
son, with less accumulated precipitation and low water
el, turbidity concentration increased, whereas, sus-
ded solids decreased. The increasing on phytoplankton

mass may be contributed to increasing turbidity
centrations, which is high in the euphotic layer
reasing toward the metalimnion and increasing in

than 15 m, our results are not able to explain that this
tendency appears after 10 m where low levels of turbidity
are detected increasing toward the bottom layer.

Regardless of phytoplankton biomass increased from
rainy to dry season, Chl-a concentration diminished. This
may be due to Bacillariophyta division presents low Chl-a

pigment percentage and the method used for chlorophyll
estimation (extraction by acetone) did not include absor-
bance of spectra for fucoxanthin, the major pigment of this
division.

Additionally, this study verified the importance of the
sampling strategy (number of sampling depths and
repetitions in time during a day) to obtain a total
phytoplankton biomass for reservoirs or lakes with
medium deep (e.g. >10 m) water columns. Here, seasonal
differences were observed, and multiple depth samplings
of this reservoir can be highly recommended in the rainy
season and the morning times are very indicated due to
high diversity indices. The differences in total phyto-
plankton biomass were explained by variations in its
behavior throughout the seasons as a response to seasonal
changes in environmental factors such as weather and
reservoir hydrodynamics. The main advantage of sam-
pling phytoplankton in vertical and temporal scales is the
ability to identify species response to the environmental
changes.
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estudo de caso na RDS (Reserva de Desenvolvimento Sustentável)

Alcobaça. Tucuruı́, Pará-Brasil.
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