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Abstract: Aim: This paper examines the effect of the extreme water level change in 
2009 on the structure and diversity of the phytoplankton communities in lakes of the 
Lower Amazon Floodplain, and compares it to phytoplankton community structure 
data reported in the literature for 2002 and 2003 high water periods, closer to the 
normal hydrological conditions. Methods: Sub-surface integrated water samples for 
phytoplankton and chlorophyll-a analyses were collected during high and low water 
phases in 2009. Water temperature (°C), pH, turbidity (NTU) and electrical conductivity 
(µS.m–1) were measured, and the Shannon diversity index was calculated. Results: The 
results showed striking differences in taxonomic composition between phases (high 
and low) and also between normal (2002 and 2003) and extreme (2009) hydrological 
conditions, all related to the flood pulse intensity. Conclusions: Extreme water level 
fluctuations can result in shifts in phytoplankton community structure and diversity. 
This work represents a valuable contribution to phytoplankton research since presents 
the community structure under extreme hydrological events in the Amazon floodplain.

Keywords: phytoplankton, Amazon floodplain, extreme hydrological events.

Resumo: Objetivo: Esse trabalho investiga o efeito da extrema variação da mudança 
do nível da água em 2009 na estrutura e diversidade das comunidades de fitoplâncton 
nos lagos da planície de inundação do Baixo Amazonas,e compara estes resultados à 
estrutura da comunidade de fitoplâncton reportada na literatura para os períodos de água 
alta em 2002 e 2003, próximos a condições hidrológicas normais. Métodos: Amostras 
de água da sub-superfície foram coletadas para a análise de fitoplâncton e clorofila-a nos 
períodos de água alta e baixa em 2009. Temperatura da água (°C), pH, turbidez (NTU) 
e condutividade elétrica (µS.m–1) foram medidas, e o índice de diversidade de Shannon 
calculado. Resultados: Os resultados revelaram diferenças marcantes na composição 
taxonômica entre fases da inundação (alta e baixa) e também entre eventos hidrológicos 
normais (2002 e 3003) e extremos (2009), todos relacionados com a intensidade do pulso 
de inundação.  Conclusões: Flutuações extremas do nível da água podem resultar em 
alterações na estrutura da comunidade e na diversidade. Esse trabalho é uma contribuição 
valiosa a pesquisa em fitoplâncton, pois apresenta a estrutura da comunidade sob condições 
hidrológicas extremas na planície de inundação Amazônica.

Palavras-chaves: fitoplâncton, planície de inundação Amazônica, eventos hidrológicos 
extremos.
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of precipitation throughout the entire basin, and 
especially on its headwaters in the Andes, and thus 
much less affected by local precipitation events 
(Junk, 1997; Bonnet et al. 2008).

The low water phase preceding the 2002 
sampling by Nogueira  et  al. (2010) was longer, 
and reached lower levels when compared with the 
following year, which could explain the differences 
in species diversity recorded for the high water 
period of each year. Lower water levels preceding 
the high water sampling could have affected several 
processes that control phytoplankton growth and 
diversity; as most Amazon floodplain lakes are quite 
shallow, wind-induced mixing can significantly alter 
turbulence and turbidity, and thus nutrient and 
light availability (Alcântara, 2006). The differences 
observed by Nogueira et al. (2010) could therefore 
be more related to flood pulse dynamics than to 
dilution effects caused by precipitation.

The annual flood pulse is a predictable event 
for the Amazon river-floodplain ecosystems 
(Junk et al., 1989; Junk, 1997), and for the relatively 
undisturbed ecosystems of the Upper Amazon 
floodplain, the phytoplankton communities 
will show adaptation strategies that reflect these 
cyclical changes. However, at more heavily 
disturbed environments such as the Lower Amazon 
floodplain, these adaptation strategies may be 
disrupted. Several authors have identified the 
occurrence of intense human use activities in the 
lower Amazon floodplain, such as agriculture, forest 
logging and cattle ranching, since the beginning of 
the 20th century (McGrath et al., 2007; Roosevelt, 
2000; Sheikh et al., 2006; Winklerprins, 2006). A 

1. Introduction

In the Amazon floodplain wetlands, the 
yearly succession of high and low water levels 
(the “flood pulse”, sensu Junk et al., 1989) is the 
main driving force controlling the hydrological 
and ecological processes in lakes. Properties such 
as flooded area, flood duration, lake connectivity 
and water residence time are all largely determined 
by the water level in the main rivers (Junk, 1997; 
Bonnet et al., 2008). These processes, in turn, will 
control the energy and nutrient exchanges between 
the river and the floodplain lakes, and by extension 
regulate the structure, diversity and productivity 
of the floodplain biota, including phytoplankton 
communities (Henry et al., 2006; Junk and Piedade, 
1997; Wittmann et al., 2006; Silva et al., 2010).

The Amazonian phytoplankton communities are 
composed of several species, each having different 
environmental requirements and physiological, 
morphological and phenological characteristics 
(Kruk  et  al., 2010). Phytoplankton community 
structure, for example, responds to variations in solar 
radiation, water temperature, mixing dynamics, and 
nutrient and light availability (Winter et al., 2011). 
Moreover, several studies have documented changes 
in the structure and functioning of phytoplankton 
communities in response to water level changes 
(Ibanez, 1998; Junk  et  al., 1989; Roland  et  al., 
1997; Nabout  et  al. 2006; Loverde-Oliveira and 
Huszar, 2007).

Nogue i ra   e t   a l .  (2010)  documented 
phytoplankton biodiversity in lakes of the lower 
Amazon, by sampling during two consecutive high 
water periods in 2002 and 2003. They hypothesized 
that beta diversity would be similar for both years, 
given the similar precipitation patterns observed 
during each sampling. The authors, however, 
concluded that neither environmental nor spatial 
factors explained a significant proportion of the total 
variation in phytoplankton community structure. 
though the results were similar in both years. They 
suggested that other local environmental variables, 
not measured during the study, could be relevant to 
the structure of phytoplankton communities (e.g. 
water residence time and mixing patterns, among 
others).

The water stage heights registered for the 
Amazon River at the Óbidos gauging station for 
the years 2002 and 2003 show that, despite the 
similar precipitation patterns, inundation levels 
were quite different between these years (Figure 1). 
This can be explained by the fact that the Amazon 
flood pulse is determined by the cumulative amount 

Figure 1. Amazon flood pulse dynamics from 2001 to 
2003, for the Óbidos gauging station (Pará, Brazil). Red 
arrows show sampling dates for Nogueira et al. (2010). 
The blue dotted line marks the minimum water level 
in 2002; blue brackets define the duration of the low 
water period.
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turbulence, erosion power, among others are also 
likely to have changed between periods.

Given the above, the present paper further 
examines the effect of water level changes on 
phytoplankton community structure, by assessing 
the observed effects of the extreme changes in water 
level observed for the year 2009 on the structure 
and diversity of the phytoplankton communities 
in lakes of the Lower Amazon Floodplain. This 
paper also compares the phytoplankton community 
structure observed during 2009 to the data reported 
by Nogueira et al. (2010) for the two high water 
periods closer to the normal hydrological conditions.

2. Material and Methods

2.1.Study area

The study area includes several lakes located 
along the Lower Amazon River mainstem, from 
the town of Parintins (Amazonas State) to the town 
of Almeirim (Pará state) (Figure  3). This region 
has a long history of human use and disturbance; 
almost 50% of the mature forest cover has been 
removed in the last 30 years (Renó, 2010), with a 
corresponding threefold increase in total herd size 
(cattle and buffalo) (Barbarisi, 2010).  Previous 

large portion of the mature floodplain forest cover 
in the lower floodplain region has been removed 
during the last 30 years (Renó, 2010), which could 
affect the duration, height and velocity of the flood 
wave (Wittmann  et  al., 2006; Straatsmaa and 
Middelkoop, 2007; Bates et al., 2003).

In 2009, the Amazon River underwent the 
second largest flood event of the past hundred years, 
which was followed by a severe dry period almost as 
low as the 2005 and 2010 extreme drought events 
observed in the region (Marengo  et  al., 2011).  
This extreme flood event was particularly severe in 
the Lower Amazon River Basin, with the Amazon 
River stage height at Óbidos station reaching almost 
twice the historical average height, and displaying 
positive anomalies during the flooding, high and 
receding phases of the hydrograph and a negative 
anomaly during the low water level (Figure  2). 
Moreover, water level change rates were twice as 
large from the historical averages for both rising and 
receding levels, with a rising rate of 0.8 m.month–1 
in 2009 compared to the historical average of 0.4 m.
month–1, and a decreasing rate of 0.9 m.month–1 
in 2009, against 0.39 m.month–1 for the historical 
averages. As surrogates of flow velocity, these 
rates indicate that hydrodynamic factors such as 

Figure 2. Amazon water level fluctuation measured at the Óbidos gauging station (Pará, Brazil), showing the monthly 
historical average (1970-2010), the monthly average for 2009, and the water level anomaly (2009 minus historical 
average). Black dashed boxes indicate sampling periods: a) high water, from June 10 to June 26, 2009; and b) reced-
ing water period, from September 22 to October 1, 2009.
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water samples for phytoplankton quantitative 
analyses were collected using 100 mL dark flakes 
immediately fixed in Lugol solution and stored 
in the dark under refrigeration (Vollenweider, 
1974). At the same time, water temperature (°C), 
pH, turbidity (NTU) and electrical conductivity 
(µS.m–1) were measured using a portable YSI 6600 
sonde. Water transparency was estimated from 
Secchi disk depth measurements, and the euphotic 
zone depth (Zeuf) was calculated by multiplying the 
water transparency by three (Cole, 1975). Water 
samples were also collected for determination of 
chlorophyll-a concentrations according to Nush 
(1980).

Phytoplankton identification was carried out 
using an inverted Zeiss microscope.  Population 
counts were obtained by the settling technique based 
in Uthermöhl (1958) with a sample volume varying 
from 2 to 10 mL, depending on sample organism 
concentration. The minimum sedimentation time 
was set as 3 hours (Wetzel and Likens, 1991). The 
individuals were enumerated in random fields 
(Uhelinger, 1964) and about 100 individuals of 
the most frequent species were counted with less 
than 20% error, at a confidence level of 95%. 

studies of floodplain lakes in this region reported 
high chlorophyll-a concentrations throughout 
the hydrological year, which could be related to 
eutrophication caused by intensive cattle ranching 
(Barbosa, 2005; Novo et al., 2006; Barbosa et al., 
2010; Affonso et al., 2011).

2.2.Data collection

Sampling sites were distributed along the study 
region, in various floodplain lakes on both the north 
and south river banks (Figure  3). Limnological 
data were collected at two different periods, 
corresponding to extreme water levels according to 
the Óbidos gauging station: June 10th to June 26th, 
2009 (high water), and September 22nd to October 
1st, 2009 (low water). The lowest water period was 
avoided due to the increased difficulty in accessing 
sampling sites. Fluctuations in water level (75 cm 
in the receding water) during each sampling period 
were considered negligible for the proposed study 
(less than  10 % of the total 2009 amplitude).

During the high water mission, GPS coordinates 
were acquired for each of the sampling points, 
to ensure that the same lakes would be sampled 
during the low water period. Sub-surface integrated 

Figure 3. Study area (Lower Amazon floodplain, Brazil), showing the distribution of sampling points. The area 
includes the major confluence of the Amazon and Tapajós rivers (at approximately 55° W and 2° 30’ S).
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Water transparency had the largest differences 
observed between the two extremes of the water 
level (Table  1). During the high water season, 
Secchi depth was almost twice as high as during 
the low water season. Turbidity values followed the 
expected inverse pattern of water transparency, with 
minimum values during high water and maximum 
during the low water season. Chlorophyll-a 
concentration was higher during the low water 
phase (29.7  µg.L–1), likely contributing to the 
reduction of water transparency and euphotic zone 
depth. The low water period also had the highest 
observed number of sunny hours (cloud-free days), 
which may have contributed to phytoplankton 
production, and consequently to the increase 
in chlorophyll concentration, dissolved oxygen 
saturation (134 %) and pH values (Table 1).

3.1.Phytoplankton community structure

The species counting and identification revealed 
striking differences in taxonomic composition 
between the high and low water seasons (Table 2). 
During high water, 27 taxa were identified, 
distributed among Chlorophyceae, Bacillariophyceae 
and Cyanophyceae, whereas 61 taxa were identified 
during low water, distributed among Chlorophyceae, 
Cyanophyceae, Bacillariophyceae, Cryptophyceae, 
Chrysophyceae and Euglenophyceae. Total number 
of taxa considering both periods was 72, three 
times smaller than the number reported by Ibanez 
(1998) for Camaleão Lake (262 taxa), located in 
an island of the Solimões River, 500 km upstream 
from our study site. It was also smaller than the 
203 taxa reported by Melo and Huszar (2000) 

Phytoplankton organism density (ind.mL–1) was 
calculated according to APHA (2005). The Shanon 
diversity index was the calculated according to 
Odum (1988) (Equation 1):

sH´ – (p ln p )i ii 1= =∑  (1)

were S is the total number of species, and pi  is the 
counted number of individuals for species i.

The same variables were acquired for the 
same lakes during the low water season, with the 
exception of lakes that could not be accessed due to 
the low water level. The final sample size was n = 31 
for the high water sampling, and n = 28 for the low 
water sampling.

Climate data were provided by the National 
Meteorological Institute (Instituto Nacional de 
Meteorologia) (http://www.inmet.gov.br/), and 
included monthly average air temperature, monthly 
rainfall, and total hours of insolation per month, the 
latter used as proxy for irradiance (INMET, 2010).

3. Results and Discussion

All climate variables showed visible patterns 
during 2009. The monthly precipitation preceding 
the sampled high water season was higher than the 
climatologic normal, with an accumulated total 
precipitation from January to June of approximately 
1600 mm (200 mm higher than the climatologic 
normal (Figure  4). However, total precipitation 
preceding the low water season, from July to early 
September, was 100  mm below the climatologic 
normal. The number of insolation hours during 
the high water season was approximately one third 
of that during low water season.

Figure 4. Precipitation for the year 2009 compared to the climatologic normal for Óbidos (Pará, Brazil) (INMET, 
2011).
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previous to field sampling. Such high water levels 
probably led to higher and longer connectivity 
among lakes, lowering water residence times and 
increasing the rate of downstream nutrient export. 
This behavior is common in floodplain lakes, which 
tend to behave like lotic systems during the rising 
water phase (Lews and Hamilton, 1987; Lesack and 
Melack, 1995).

During the high water period, Chlorophyceae 
species dominated the phytoplankton communities 
in the lower Amazon, including 14 species with 
densities ranging from 10 to 102  ind.mL–1, and 
corresponding to 46% of the total number of species 
(Table 3). During the low water phase, communities 
were dominated by Cyanophyceae species (49%), 
with high specific richness and densities ranging 
from 10 to 103 ind.mL–1. Ibanez (1998) reported 
higher densities for both high (102 ind.mL–1) and 
low water (103-105 ind.mL–1) seasons in Camaleão 
Lake. The observed community structure was also 
different, being dominated by Cyanophyceae during 
high water periods and by Euglenophyceae during 
the 1987 low water season and Bacillariophyceae 
during the 1989 low water season. Specific richness 
in Camaleão Lake was smaller than the observed for 
the present study, with 18 to 21 taxa during low 

for Batata lake, located in the south bank of the 
Trombetas River, 100 km from our site. This river is 
a tributary of the Amazon River, with its confluence 
located in the center of the presently studied area. 
Nogueira et al. (2010) also reported a higher total 
of taxa for the Curuai lake floodplain (156) for 
their high water samplings in two consecutive 
years, reaching 122 taxa in 2002 and only 66 taxa 
in 2003. Curuai is one of the largest lakes within 
the presently study area.

The individuals documented during the 2009 
high water season varied from 1 to a maximum of 
7 taxa per sample in 2009 (Figure 5). Nogueira et al. 
(2010) reported a maximum of 47 taxa and a 
minimum of 2 taxa during the 2002/2003 water 
level period.

The small number of taxa observed for 2009 
high water in the present study could be explained 
by very high dilution, caused by the increased 
discharge associated with the extreme flooding 
event, easily noticeable when comparing the 
maximum water level of the three hydrological 
years (2002 and 2003 from Nogueira’s study and 
2009 from the present study) (Figure 6).  During 
2009, higher water levels were observed not only 
during peak season, but also for the entire period 

Table 1. Environmental data observed during phytoplankton sampling at the Lower Amazon Floopldain (Brazil). 
Values indicate water column averages and standard deviations for both high and receding water phases.

Variables High water Low water
Air temperature (°C)* 33 35.3 
Precipitation (mm)** 120 0 
Total sun irradiation (h)*** 77 202 
Euphotic zone (m) 2.7 (±0.9) 2.29 (±2.25)
pH 6.74 ± 0.23 7.76 (±0.88)
Conductivity (µS.cm–1) 45 (±9) 43 (±13)
Turbidity (NTU) 16.0 (±10) 82.9 (±75)
Dissolved oxygen (% saturation) 61 (±15) 134 (±30)
Water temperature (°C) 28.76 (±0.65) 30.62 (±0.56)
Chlorophyll concentration (µg.L–1) 2.39 (±1.5) 29.7 (±35)
*Monthly average; **Total rainfall; ***Number of sunny hours in a month. Data from Inmet (2010).

Table 2. Pytoplankton species richness at the Class taxonomic level for the Lower Amazon Floodplain (Brazil), dur-
ing high and low water levels.

Classes Taxa
High water Low water Total

Bacillariophyceae 9 12 15
Chlorophyceae 14 23 31
Cryptophyceae 2 2
Crysophyceae 1 1
Cyanophyceae 4 22 22
Euglenophyceae 1 1
Total 27 61 72
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The analysis of relative phytoplankton 
density (Figure  7) revealed large differences in 
phytoplankton class distribution. During the high 
water season, Cryptophyceae had the largest relative 
density, with a single taxa (Cryptomonas) responding 
for 46 % of the individuals. During low water, the 

water phases and only 3 taxa during the high water 
phase. Shannon diversity index values were similar 
for both high and low water phases (~3.5 bits.ind–1), 
both indicating high diversity, but not as high as 
reported by Melo and Huszar (2000) for Batata 
Lake (4.4-4.9 bits.ind–1).

Figure 5. Phytoplankton species richness in lakes sampled during 2009 high water at the Lower Amazon River 
floodplain (Brazil).

Figure 6. Maximum monthly water level for the Lower Amazon River for the Óbidos gauging station (Pará, Brazil), 
for the years 2002, 2003 and 2009.
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biomass and composition. The authors also related 
the annual cycle of water level fluctuation to the 
cycles of presence and absence of stratification 
in the water column.  According to them, this 
imposed strong environmental seasonality to the 
lake, minimizing the impact of factors such as 
temperature and irradiance.

The present results suggest, however, that at 
least under extreme water level fluctuations as 
those observed for 2009, changes in water level can 
indeed induce shifts in phytoplankton community 
structure. During the high water, dilution processes 
and large inputs of dissolved organic matter 
impaired nutrient and light availability (Costa et al., 
2011) respectively what might explain the sparser 
phytoplankton communities, characterized by 
smaller specific richness, lower density and lower 
relative density. During low water, hydraulic 
residence time varied locally as a function of lake 
connectivity to main rivers and channels. Lake size 
and depth also varied, and lakes could be differently 
affected by winds according to depth, making 
local factors more important for explaining species 
richness (Garcia de Emiliani, 1997).

The dominance of Cyanophyceae during low 
water may be related to lower light requirements 
related to phycobillin pigments (Shapiro, 1990; 
Dokulil and Teubner, 2000). In the present 
study, the species with the highest density was 
Dolichospermum  circinalis.  The absolute density 
of phytoplankton classes was smaller during high 
water (Table  4), and in the range reported for 
other floodplain lakes such as Camaleão Lake 
(102  ind.mL–1)  in Ibanez (1998), Batata Lake 
(103  ind.mL–1) in Melo and Huszar, (2000). 
Low water level densities, however, were higher 
(5,38  ×  104  ind.mL–1) than those measured 
by Melo and Huszar (2000) at Batata Lake 
(11  ×  103  ind.mL–1). Considering that nutrients 
stored in the lake bottom may be inaccessible in the 
presence of stratification, as the water level decreases 
and the entire water column mixes, nutrient inputs 
from resuspension can be a key factor controlling 
phytoplankton abundance during the low water 
period.

highest relative density was evenly split between 
Bacillariophyceae (31%) in which Aulacoseira was 
the most abundant taxa and Cyanophyceae (30%) 
in which Dolichospermum circinalis, was the most 
abundant (Wacklin et al., 2009).

The abundance of Aulacoseira in phytoplankton 
communities has been related to low growth 
thresholds for light (Reynolds, 2006), and also to 
high amounts of particulate and dissolved organic 
carbon (DOC), again due to its effect on underwater 
irradiance distribution (Hammer  et  al., 2002). 
Alcântara  et  al. (2010) observed high turbidity 
values due to wind mixing effects during the low 
water phase for Curuai Lake, one of the larger lakes 
in the presently studied region, which could explain 
the observed Aulacoseira dominance.

 Melo and Huszar (2000) study of diel variations 
and species adaptation strategies in Batata Lake 
indicated that hydrological and hydrographical 
properties defined the variations in phytoplankton 

Table 3. Phytoplankton groups density (ind.mL–1) dur-
ing high and low water level, for the Lower Amazon 
Floodplain (Brazil).

Phytoplankton 
groups

Phytoplankton density (ind.mL–1)
High water Low water 

Bacillariophyceae 1389 22055
Cyanophyceae 750 26511
Chlorophyceae 1865 4441
Cryptophyceae 3927 631
Crysophyceae 221 192
Dynophyceae 720 0
Euglenophyceae 501 138

Figure 7. Phytoplankton relative density (%) during high 
and receding/low water period, for sampled lakes in the 
Lower Amazon Floodplain (Brazil).

Table 4. Dominant classes, species number and density of 
the phytoplankton community during the extreme water 
level condition for the lower Amazon River floodplain.

High water Low water 
Dominant classes Chlorophyceae Cyanophyceae
Species richness 14 22
Density 9.3 × 103 5,38 × 104
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4. Conclusions

Due to the limited number of studies about 
phytoplankton communities carried out in 
the Amazon floodplain region, the present 
research represents a valuable contribution to 
its characterization under extreme hydrological 
events. Changes in phytoplankton communities 
were observed in the Lower Amazon floodplain 
between high and low water. These changes 
were related to the flood pulse intensity, which 
modulates the limnological parameters, specifically 
the euphotic zone depth. Phytoplankton density 
was lower during the high water period, mostly 
caused by the dilution resulting from exceptional 
water level and above normal precipitation. During 
this phase, Cryptophyceae species were the more 
abundant (42% of total phytoplankton), followed 
by Chlorophyceae with 20%.

During the receding water phase, higher values 
of turbidity were observed, resulting in shallower 
euphotic zone depths. Cyanophyceae species had 
the highest density, followed by Bacillariophyceae, 
both representing 90% of the population.  These 
results show that, at least under extreme water 
level fluctuations such as those observed for 2009, 
changes in water level resulted in marked shifts in 
phytoplankton community structure and diversity.
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