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Abstract: Aim: This study examines the short-term changes of phytoplankton in an
oxbow lake on the floodplain of the Acre River, Amazonia, Brazil. Methods: Samples
were taken with a Van Dorn bottle, at three depths (surface, middle and bottom), in
two periods (low waters and high waters), for seven consecutive days in two schedules,
night and morning. Results: Phytoplankton was represented by 198 taxa and the Class
Euglenophyceae, with 62 taxa, was the best-represented group in both periods. There were
abrupt changes in the community during the high waters (potamophase). During this
period, in conditions of partial atelomixis, we recorded higher values of phytoplankton
biovolume and dominance of Gonyostomum semen (Ehr.) Dies. (Raphidophyceae).
Conclusions: In the low waters (limnophase), conditions in the lake were more stable,
the diversity and rate of change in the community were lower, and the frequent periods
of stratification and mixing were responsible for the dominance of Geitlerinema sp.
(Cyanobacteria).

Keywords: phytoplankton biovolume, partial atelomixis, diel variation, low and
high waters.

Resumo: Objetivo: O objetivo deste estudo foi avaliar mudancas em curto prazo
da comunidade fitoplanctonica em um lago da planicie de inundacio do Rio Acre,
Amazdnia, Brasil. Métodos: As amostras foram coletadas com garrafa de Van Dorn,
em trés profundidades (superficie, meio e fundo), durante as estagées climdticas (seca e
chuvosa), durante sete dias consecutivos, em dois hordrios, manhi e noite. Resultados:
A comunidade fitoplanctonica foi representada por 198 tdxons ¢ a classe Euglenophyceae
foi a mais bem representada em ambos os periodos. Ocorreram mudangas abruptas
na comunidade durante a estagio chuvosa (potamofase). Durante este periodo, em
condigoes de atelomixia parcial, foram registrados os mais elevados valores de biovolume
do fitoplancton e dominancia de Gomnyostomum semen (Ehr.) Dies. (Raphidophyceae).
Conclusées: No periodo seco (limnophase), as condigoes do lago foram mais estdveis, a
diversidade e a taxa de mudanga da comunidade foi mais baixa, ¢ os frequentes periodos
de estratificagdo e mistura foram responsdveis pela dominéncia de Geitlerinema sp.
(Cyanobacteria).

Palavras-chave: biovolume do fitoplancton, atelomixia parcial, variagoes didrias,
dguas altas e dguas baixas.
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1. Introduction

Floodplains are complex, highly dynamic and
heterogeneous ecosystems, which contain flooded
land areas but also lakes and channels associated
with the major rivers and their tributaries. These
aquatic habitats differ in their physical and
chemical characteristics and are subject to periodic
disturbances that promote high spatial and temporal
variability, changing the successional processes of
their aquatic communities and resulting in high
diversity (Ward et al., 1999). This variability also
occurs at smaller scales, resulting from stochastic
events (such as rain and wind) that outweigh the
predictable annual cycles and govern the structure
of freshwater aquatic habitats. Thus, variations in
the extent of vertical mixing, for example, could be
crucial so that successful species must be adapted
to the short-term variation, which represents a
significant portion of the large-scale variability
(Reynolds, 1997).

The river-floodplain concept of Junk et al.
(1989) gives emphasis to the interactions and
exchanges between the main channel of the river
and adjacent water bodies as well as terrestrial
environments subject to flooding, so that distinct
connectivity among rivers and lentic environments,
changing the physical and chemical properties of
the environment and is considered as the main
structuring force in these environments.

Tropical floodplain lakes pass through two
distinct phases, potamophase and limnophase
which mainly depend on hydrologic dynamics of
tributary-headwaters.

The potamophase, which occurs during the
high waters, is characterized by the connectivity
of lentic environments to the main channel and
includes rising-water, flood, and falling-water
periods; whereas in limnophase, which occurs
during the low waters, the lentic environments are
disconnected from the main channel. Both phases
comprise the hydrosedimentological cycle, which is
the main factor influencing the different habitats of
these ecosystems and is characterized by fluctuations
in water level and abiotic variables and changes in
aquatic communities (Neiff, 1990).

The dynamics of physical, chemical, and biotic
factors in floodplain lakes, however, depends on the
degree and type of connectivity of the lakes with
the main channel. The connectivity (permanently
or temporarily) can be directly to the river or due
to infiltration of river water by groundwater of the
same watershed or from adjacent watersheds. The
high biocomplexity of these ecosystems stems from
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the interaction of many processes that operate at
different spatial and temporal scales (Amoros and
Bornette, 2002).

In the course of the hydrosedimentological cycle,
significant fluctuations of abiotic factors determine
different patterns of phytoplankton developing
condition (Garcfa de Emiliani, 1997; Train and
Rodrigues, 2004). During the potamophase,
biomass values are generally lower and there
is an increase in abundance of opportunistic
nanoplankton species, especially phytoflagellates
(Huszar and Reynolds, 1997; Bovo-Scomparin
and Train, 2008). On the other hand, prolonged
isolation of a lake during the limnophase can lead
to blooms of climax species, especially cyanobacteria
(Train and Rodrigues, 2004; Phlips et al., 2008).

The Amazon lakes have specific characteristics
that make it possible to identify the flood pulse
as a forcing function responsible for the changes
of abiotic variables and changes in patterns of
stratification and mixing, which, according to
Tilzer and Goldman (1978), constitute the two
major factors controlling the structure of the
phytoplankton community. Short-term studies
on freshwater phytoplankton communities in
these lakes are relatively few. In a diel study in
an Amazonian lake, Melo et al. (2000) observed
different vertical distributions of phytoplankton in
the water column and attributed these to changes
in the degree of mixing of the water. Similar
observations were reported by Ramirez and Bicudo
(2002), who showed that processes of stratification
and mixing influenced phytoplankton succession
during the year. Lopes et al. (2005) emphasized the
importance of temperature as a regulacor of lentic
aquatic systems in tropical regions, and highlighted
its close relationship to the selection and spatial-
temporal distribution of phytoplankton species.

The present, short-term study examined
the temporal and spatial variations of the
phytoplankton community in an Amazonian oxbow
lake, in two distinct hydrological phases, high water
(potamophase) and low waters (limnophase), aiming
to identify the main environmental characteristics
responsible for the variability of the phytoplankton
community. The study investigated two hypotheses:
1) the phytoplankton community undergoes the
most drastic changes during the potamophase
and is more stable during the limnophase; and 2)
the different mixing regimes in the two periods
(partial and total atelomixia) directly influence the
composition and temporal and spatial dynamics of
the community.
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2. Material and Methods
Lake Amapd (10° 02’ 36” S; 67° 50’ 24” W),

a typical whitewater oxbow lake, is located in
Amazonia in the Acre-Purus Basin, along the right
bank of the Acre River. This river crosses the border
of Pert, Bolivia, and Brazil, but its basin is primarily
located in the Brazilian states of Acre and Amazonas.
Lake Amapd is a typical river meander that was cut
off from the main channel (oxbow lake) (Figure 1).

Its high shores and partially preserved riparian
vegetation provide good wind protection. The
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lake has high sedimentation levels, with direct
connection to the main channel only in the high
waters, during the potamophase. Its depth ranges
from 2.5 m to 7.0 m, and there are no macrophyte
banks.

Samplings were performed during 7 consecutive
days during the low waters (September 2004) and
high waters (February/March 2005) periods at a
single station (maximum depth 2,8 and 4,5-6,0 m,
respectively). Abiotic and biotic variables studied
were collected with a Van Dorn bottle from the
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Figure 1. Geografical location of the study area: a map
Lake Amap4, a typical oxbow floodplain lake.
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of the River Acre basin in te State of Acre, Brazil, and the
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water column on surface (S = 0,15 m prof.), middle
(M = at the midpoint of the water column) and
bottom (B = 0,20 m from the sediment), at two
different times (7:00 AM and 7:00 PM).

Samples were transported in Styrofoam boxes
with ice to the Limnology Laboratory of the
Department of Natural Sciences of the Universidade
Federal do Acre. Abiotics variables analyzed include
water transparency (Secchi disc), water temperature,
electrical conductivity, pH, dissolved oxygen (DO)
were measured in the field (Hanna Instr.), alkalinity
according to (Golterman and Clymo, 1969),
total nitrogen (TN) and total phosphorus (TP) )
according to (Valderrama, 1981), air temperature
(mercury thermometer), turbidity (Hach Instr.),
mixing zone (Zmix) ) according to (Reynolds,
1984a), euphotic zone (Zeu) according to Cole
(1983) and the attenuation coefficient of the vertical
light (k) according to Poole and Atkins (1929).

Samples for phytoplankton quantitative analyses
wete stored in 300 ml glass vials, fixed and preserved
in acetic lugol solution, and immediately stored
in darkness at room temperature. Quantification
of phytoplankton (ind.mL™") was done using
Utermohl’s (1958) sedimentation chambers and
following recommendations in Lund et al. (1958).
Countings were performed using a Zeiss Axiovert
(400x) inverted microscope. Every cell, coenobium,
colony, or filament was considered one individual.
To define abundant and/or dominant species, Lobo
and Leighton (1986) criteria were followed.

The biovolume (mm?®.L™) of each species was
obtained by comparing them with the volume of a
geometric solid, taken either isolated or combined,
that would mostly resemble the cell form (Sun and
Liu, 2003). Diversity index (Shannon and Weaver,
1949), evenness index (Lloyd and Ghelardi, 1964),
and the change rate of the community (Lewis
Junior, 1978, as adapted by Reynolds, 1984a) were
calculated using the density data.

To evaluate the significance of the vertical
and temporal variations of richness, diversity and
evenness of phytoplankton during the low and
high waters, we used one-way ANOVA with a
significance level of 5%, we used the statistical
program BioEstat 5.0.

To determine the key environmental variables
that influenced the spatial and temporal variability
of the phytoplankton community in the system,
we used a Canonical Correspondence Analysis
(CCA) to ordinate the sample units, low and high
waters, and hours and days of sampling, considering
phytoplankton density and abiotic factors. For this
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analysis, we used the statistical program PC-ORD
for Windows, version 5.0 (McCune and Mefford,
1999), and included species that contributed more
than 0.3% of the total density and together made
up over 95% of the total density at all hours of
sampling. Eight abiotic matrices were used in the
CCA. All variables with high correlations with the
first two axes of ordination were considered, whereas
variables that contained a functional redundancy of
information were eliminated to avoid distortions in
the analysis. To test the significance of the axes, we
applied a Monte Carlo test. Data variability was
explained by the canonical coeficient (Ter Braak,
1986).

3. Results

3.1. Thermal structure

It was observed vertical gradients of physical
variables in both periods; however the patterns
of thermal stratification of the water column and
mixing regime were different in the low waters
(limnophase) and high waters (potamophase).
During the low waters, the mixing zone (Zmix)
and euphotic zone (Zeu) were deeper than in the
high waters. During the limnophase, there was wide
variation in the Zeu:Zmix ratio, and on the fourth
day of sampling, the ratio reached 4.8, with Zeu
extending to near the bottom (Figure 2).

During the high waters, period of highest
turbidity, the Zmix was restricted to the superficial
layer, not exceeding 0.5 m, and atelomixia or partial
mixing occurred. The Zeu was less than 1.2 m, not
exceeding 20% of the maximum depth (Zmax)
value (Table 1). Thermal micro-stratifications in
the water column were observed during this period
(Figure 2).

3.2. Phytoplankton dynamic

Phytoplankton community was represented by
198 taxa, 155 in the high waters, with 95 found
only in this period, and 103 during the low waters,
with 43 unique to this period. Sixty species were
common to both periods.

3.2.1.Low waters

Species richness during low waters was lower
than those recorded during the high waters, with
variation of richness only between the hours.

During the low waters, the class with the largest
number of taxa was Euglenophyceae (28), followed
by Cyanobacteria (23) and Chlorophyceae (20).
The classes less represented were Zygnemaphyceae
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Figure 2. Depth-time diagram of the water temperature in the Lake Amap4 during low waters (a) and high waters

(b). (S = surface, M = midlle, B = botton).

Table 1. Main variables physical, chemical and phytoplankton attributes of the Lake Amapa during low waters
(September 2004) and high waters (February-March 2005). (Zeu = euphotic zone, Zmax = maximum depth,

Zmix = mixing zone).

Variable Low waters High waters

Min. Max. CV % Min. Max. CV %
Air temperature (°C) 26.20 33.50 7.85 26.50 33.00 7.63
Water temperature (°C) 26.55 31.80 4.46 25.85 30.42 4.93
Electric condutivity (uS.cm-") 65.00 93.00 8.85 44.00 92.00 20.38
Alkalinity (mEq.L™") 26.00 32.00 3.27 14.00 28.00 17.28
Dissolved oxigen (mg.L™") 0.09 11.38 73.55 0.03 10.87 145.30
Turbidity (NTU) 4.00 14.90 35.55 18.80 624.00 89.83
pH 5.99 8.1 8.32 5.69 6.83 4.26
Total nitrogen (umol.L-") 6.26 10.77 13.04 9.32 27.30 26.60
Total phosphorus (umol.L™") 0.11 0.56 33.55 0.13 1.31 43.49
Secchi disc (m) 0.60 0.80 8.24 0.30 0.40 15.72
Coeficiente k 2.13 2.83 8.43 4.25 5.67 14.9
Zmax (m) 2.80 2.80 0.00 4.50 6.00 15.59
Zeu (m) 1.80 2.40 8.24 0.90 1.20 15.72
Zmix (m) 0.50 2.00 84.85 0.50 1.50 70.71
Zeu:Zmax 0.64 0.85 8.25 0.18 0.22 7.97
Zeu:Zmix 1.8 4.80 24.67 1.80 2.40 15.59
Richness 5 30 34.15 3 47 42.50
Density (ind.mL"") 9822 32840 23.34 204 19981 143.17
Biovolume (mm3.L™") 8.92 66.70 47.87 2.15 263.00 191.25
Diversity (bits.ind"") 0.34 1.47 35.71 0.19 2.68 40.92
Evenness 0.16 0.47 29.58 0.10 0.98 34.82
Change rate 0.07 0.23 - 0.18 1.63 -

(9), Bacillariophyceae (5), Cryptophyceae
(7), Chrysophyceae (3), Raphidophyceae (2),
Dinophyceae (3) and Xanthophyceae (3).

This period was characterized by the absence of
sharp vertical gradients of phytoplankton density
and biovolume distribution, so that low coefficient
of variation of these attributes (respectively
23.3% and 47.9%), shows a tendency toward a
homogeneous distribution of the community, on
both temporal and spatial scales. However, there
was a different pattern in the vertical distribution

of these attributes because the highest values were
recorded at the bottom, in contrast to the high
waters (Figure 3).

Phytoplankton community was dominated
by Cyanobacteria, especially Geitlerinema sp. (>
78.7% density at all depths and days), in addition
to Plankrothrix geitlerii (Kisselev) Anagnostidis and
Komdrek and Merismopedia elegans A. Braun ex
Kiitzing. Geitlerinema sp. showed the same patterns
of distribution for density and total biovolume.
Considering those species that contributed more
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than 0.3% of the total density, in the low waters
only five species contributed 95.1% of the total
density, and the community was relatively stable.
Geitlerinema sp. tended toward a homogencous
vertical distribution, with a bloom extending
through the entire water column; however, the
highest density and biovolume were observed on
the surface during the 1st and 2nd days (Figure 3).

®@
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Planktothrix geitlerii tended toward a higher
concentration near the bottom, although it had high
density at the surface on the 6th day. The vertical
distribution pattern of Merismopedia elegans was
similar to that of Planktothrix geitlerii, showing
higher density in the middle of the water column
on the 4th day of sampling and on the bottom on
the 6th day (Figure 4). Another abundant species
was Closteriopsis acicularis (Chodat) J. H. Belcher
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Figure 3. Depth-time diagram of the density and biovolume in the Lake Amap4 during low waters: (a) total density,
(b) total biovolume, (c) Geitlerinema sp. density, (d) Geitlerinema sp. biovolume. (S = surface, M = midlle, B = bot-

ton, M = morning, N = night).
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Figure 4. Depth-time diagram of the density of Merismopedia elegans (a) and Planktothrix geitleri (b) in the Lake
Amap4 during low waters. (S = surface, M = midlle, B = botton, M = morning, N = night).
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and Swale, which occurred almost exclusively at the
surface and middle layers.

Evenness remained low, with significant
variations only between depths (Table 2), ranging
between 0.15 and 0.44 and the lowest values were
recorded on the night of the 6th day, and the highest
values on the morning of the 7th day (Figure 5).
Diversity was low (0.36 to 1.47 bits.ind™) in
relation to the high waters. Significant variations
occurred only between depths and sampling
hours (Table 2) but not between days. The highest
values were recorded at the bottom (maximum on
the night of the 6th day), and the lowest at the
surface (Figure 5). Daily rate of change remained
stable throughout the study period, with values
between 0.07 to 0.23 day™' and from 0.08 to 0.35
per 12 h™! (Figure 6).
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3.2.2.High waters

Species richness varied widely over the sampling
days of the high waters. The highest value (47 taxa)
was recorded on the night of the 3rd day, and the
lowest (3 taxa) on the morning of the 2nd day.
Richness only varied significantly among depths
(Table 3).

Euglenophyceae (55) was the class with
the greatest number of species, followed by
Chlorophyceae (30), Zygnemaphyceae (22), and
Cyanobacteria (17). The classes with lower species
richness were Cryptophyceae (13), Bacillariophyceae
(12), Chrysophyceae (2), Dinophyceae (3), and
Raphidophyceae (1).

High waters were characterized by pronounced
vertical gradients in both the density and distribution
of biovolume. Coeflicients of variation were high

Table 2. Results of ANOVA performed to establish the significance of the vertical and temporal variations of richness,
diversity and evenness of phytoplankton in Lake Amapd during the low waters (September 2004).

Fators Depth Hours Days
Statistic F p F p F p
Richness 18.75 0.000002 3.12 0.080 0.69 0.65
Diversity 15.14 0.000015 9.42 0.004 0.69 0.65
Evenness 2.24 0.120000 22.42 0.000 1.54 0.19
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Figure 5. Depth-time diagram of the evenness and diversity in the Lake Amapd during high waters and low waters:
(a, b) evenness in high e low waters, respectively, (c, d) diversity in high e low waters, respectively. (S = surface,
M = midlle, B = botton, M = morning, N = night).
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Figure 6. Temporal variation in the rate of change of phytoplankton community among days (a) and times (b)
sampling in the Lake Amapd, during low waters and high waters. (M = morning, N = night).

Table 3. Results of ANOVA performed to establish the significance of the vertical and temporal variations of richness,
evenness and diversity of phytoplankton in Lake Amapd during the high waters (February/March 2005).

Factors Depth Hours Days
Statistic F P F p F p
Richness 10.65 0.00 0.84 0.36 0.76 0.60
Evenness 2.30 0.11 1.56 0.21 2.52 0.03
Diversity 5.35 0.01 2.47 0.12 1.53 0.19

(143.17% and 191.2%, respectively), showing a
heterogeneous distribution of the community on
temporal and spatial scales (Figure 7). Considering
the number of species that contributed more than
0.3% of the total density, eight species accounted
for 83.6% of the total density for this period.

The highest values of phytoplankton density were
recorded in the surface layer on the 3rd and 4th days
and in the middle of the water column on the 7th
day, periods when Gonyostomum semen (Ehrenberg)
Diesing (Raphidophyceae) was dominant. Other
abundant species in the surface layer were Closterium
dianae Ehrenberg ex Ralfs, Closterium tortum B. M.
Grifliths (Zygnemaphyceae), and Trachelomonas
volvocinopsis Swirenko (Euglenophyceae).
Cuspidothrix tropicalis (Horeckd and Komdrek) P
Rajaniem, J. Komdrek, R.Willame, P. Hrouzek,
K. Kastovskd, L. Hoffmann and K. Sivonen
(Cyanobacteria), Aulacoseira granulata (Ehrenberg)
Simonsen (Bacillariophyceae), Crypromonas erosa
Ehrenberg, and Cryptomonas marsonii Skuja
(Cryptophyceae) were frequent in the middle layer,
but not abundant.

During the first two days of sampling, when
it was found the lowest density, Cyanobacteria
(Cuspidorhrix tropicalis), Zygnemaphyceae
(Closterium tortum, C. dianae), Bacillariophyceae
(Aulacoseira granulata), and Cryptophyceae
(Cryptomonas erosa) were more abundant.

In the first two days of sampling, the most
abundant species was Aulacoseira granulata, which
was dominant in the morning of the 1st day, at
the bottom of the water column, and Cuspidothrix
tropicalis, which was dominant on the morning of
the 2nd day, also at the bottom. From the 3rd day
there was a dominance of Gonyostomum semen, with
the highest density recorded at the surface in the
mornings of the 3rd and 4th days.

The total biovolume values were high (2.15 to
263 mm®.L™"), and the highest values were recorded
at the surface. Lower values were observed during
the first two sampling days, and increased from
the 3rd day, following the increase in density. The
vertical distribution patterns of density and total
biovolume corresponded to those of Gonyostomum
semen, a large-sized species (Figure 7).

Evenness showed significant variation between
sampling days, with values between 0.27 and 0.79.
The lowest values occurred on the morning of the
fourth day, while the highest values were found on
the morning of 6th day (Figure 5). Wide variation
in species diversity was noted (0.19 and 2.61 bits.
ind™), showing significant variation only between
depths (Table 3). The highest values were observed
on the night of the 3rd day, while the lowest was
recorded on the same morning (Figure 5).

The rate of change in the community was
high, and the daily change values ranged from
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Figure 7. Depth-time diagram of the density and biovolume in the Lake Amap4 during high waters: (a) total density,
(b) total biovolume, (c) Gonyostomum semen density, (d) Gonyostomum semen biovolume. (S = surface, M = midlle,

B = botton, M = morning, N = night).

0.18 to 1.63 day™'. Greater variation was observed
in the period between the 2nd and 3rd day, and
stable values between the 3rd and 4th day, with
more significant changes between the morning and
night, which ranged from 0.37 to 1.58 per 12 h™!
(Figure 6).

3.2.3.Integrated analysis of both climatic periods:
low waters and high waters

The analysis of both climate periods ordered
by the CCA showed a significant percentage of
the total variance (37.8%, A=0,666). The Monte
Carlo test (p = 0,001) used to test the significance
of the two first canonical axes showed statistically
significant differences indicating that there were
significant relationships among the sampling
units, abiotic variables, and phytoplankton species
(Table 4). The canonical coefficients for Axis 1
showed that the Zeu:Zmax ratio was the variable
with the greatest weight in the ordination. ‘Intra-
set’ correlations indicated that in addition to the
Zeu:Zmax ratio, alkalinity, TN, TP, and turbidity
contributed effectively to the species-environment

relationship (Table 5).

Table 4. Results of Canonical Correspondence Analysis
(CCA) using eight abiotic variables and 12 biotic vari-
ables (species) held the Lake Amap4 including the two
climatic periods studied: low waters (September 2004)
and high waters (February/March 2005).

Axis 1 Axis 2
Eigenvalue (1) 0.666 0.094
Percents of explained variability 37.80 5.30
Pearson’s Correlation 0.967 0.773
(specie -environment)
Monte Carlo Test (Eigenvalue) - p 0.001 0.001
Monte Carlo Test 0.001 0.001

(corr. specie-environment)

As seen in the diagram, Geitlerinema sp. and
Closteriopsis acicularis, predominant in the low
waters, were more associated with the surface and
middle sampling units while Merismopedia elegans
and Planktothrix geitlerii were related to the bottom
sampling units (Figure 8).

The species that discriminates the high waters,
Closterium dianae, Closterium tortum, and Aulacoseira
granulata were related to sampling units from the
surface, Cryptomonas erosa and Trachelomonas
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Table 5. Canonical coefficient and ‘intra-set’ correlation of environmental variables with ordination axes for 12
biological variables of the Lake Amap4 during the low waters and the high waters. (Zeu = euphotic zone, Zmax =
maximum depth).

Canonical coefficient Correlation coefficient (‘intra-set’)

Variable

Axis 1 AAxis 2 Axis 1 Axis 2
Water temperature 0.322 0.405 0.312 0.297
Turbity -0.572 -0.487 —0.553 -0.357
pH 0.388 0.168 0.375 0.123
Electric condutivity 0.479 -0.522 0.464 —-0.383
Alkalinity 0.887 -0.112 0.858 -0.082
Total nitrogen —-0.676 —-0.564 —-0.654 -0.413
Total phosphorus -0.612 -0.722 —-0.591 —-0.529
Zeu:Zmax 0.997 0.018 0.964 0.013
Lutr S e Surface (LW)
‘I? A Middle (LW)
Q v Bottom (LW)
< v Surface (HW)
3 < Middle (HW)
< + Bottom (HW)
Cldi <
ﬁua'r - o
. ac
Clto Yy ¥ pH T°CAg &+ Gesp
* &’ o Tub zeu/zﬁ]ax
0O XY L N—= W VAY T Pige
8e* Crer Cond Yy
L 3 X0 PT
0,’ T + + Mrel
nvo
P A= 0.666, p =0.001
*
Crma
+
Gose
+

Figure 8. Ordination of sample units by the CCA in the Lake Amapd generated from eight environmental variables
and 12 phytoplankton species: °C (Water temperature), Turb (turbidity), Alc (alkalinity), Zeu / Zmax (ratio of eu-
photic zone of maximum depth), PT (total phosphorus), NT (total nitrogen), pH and Cond (conductivity). Species:
Gose (Gonyostomum semen), Cutr (Cuspidothrix tropicalis) Cldi (Closterium dianae) Clto (Closterium tortum) Augr
(Aulacoseira granulata), Crer (Cryptomonas erosa) Trvo (Trachelomonas volvocinopsis), Crac (Closteriopsis acicularis), Gesp
(Geitlerinema sp) Plge (Planktothrix geitlerii) and Mrel (Merismopedia elegans). (LW = low waters, HW = high waters).

volvocinopsis to the middle and bottom, and 4. Discussion

Cryptomonas marsonii only to the sampling units o .
P Y pung The greater species richness detected during the

from the bottom. There was a clear spatial separation
for these species, whereas Cuspidothrix tropicalis and
Gonyostomum semen showed no clear relationships
with the sampling units and locations distant from
both axes (Figure 8).

potamophase was possibly related to the prolonged
thermal stratification and greater availability of
nutrients from the influx of allochthonous material
into the lake, caused by the flood pulse. These results
agree with those reported by other studies focusing
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on the phytoplankton of Brazilian floodplain
lakes (Ibafiez, 1998; Train and Rodrigues, 2004;
Melo etal., 2005; Bovo-Scomparin and Train, 2008;
Phlips et al., 2008).

In the low waters, the rate of change was
lower, indicating a community with greater
temporal stability with respect to the composition
and relative abundance of species. The observed
diversity, richness, and evenness possibly indicate
more stable environmental conditions during this
period. However, significant changes in biovolume
and density were observed during the study, and
therefore the low waters, by the criteria of Rojo
and Alvarez-Cobelas (2003), cannot be considered
stable.

No visible shift was detected, but the richness
and density of species varied, without, however,
resulting in sudden changes in the phytoplankton.
The CCA revealed that the correlation between
species and sampling units was related to the
occupation of different niches, indicating that
the more closely related species require similar
environmental conditions.

Most cyanobacteria reach optimum growth
under shaded environmental conditions, protected
from intense solar radiation and high temperature
(Shapiro, 1990). For Plankrothrix geitlerii and
Merismopedia elegans, this condition, as well
as the increased availability of nutrients in the
water column during the low waters, conferred a
competitive advantage. Geitlerinema sp. showed less
sensitivity to high light incidence, tolerating a wide
spectrum of radiation. The results of this study are
similar to those found by Huszar et al. (2000) for
a lake in southeastern Brazil, where Geitlerinema
sp. contributed 81% of the total density, and
environmental conditions, such as transparency,
were close to those in the Lake Amap4. These
authors observed the dominance of Geitlerinema
under high light attenuation and mixing regime in
an enriched environment, characterizing this species
with similar requirements to Cylindrospermopsis sp.
In this study, the lower values of diversity found
during the low waters, possibly indicated a more
advanced stage of succession, due to the increased
stability of the environment. Thus Geitlerinema
sp., an R-strategist, would have established its
dominance in this period through a competitive
advantage.

Phlips et al. (2008) and Garcia de Emiliani
(1997) reinforced this idea by reporting high values
of phytoplankton diversity in floodplain lakes during
connection phases with the river, and lower values in
periods of isolation. The latter author described the
dominance of heterocytous cyanobacteria during
the isolation period and diatoms during the flood,
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relating the phases of connection and disconnection
of the lake to the river successional patterns, and
identifying the pulse as a reset factor of successional
processes. Similar patterns were observed by Train
and Rodrigues (2004) in the floodplain of the
Parand River. Therefore, it is possible to conclude
that the lack of connectivity favors development
toward advanced stages of succession in temporarily
isolated lakes, such as Lake Amap4.

During the high waters, the occurrence in
low densities of Cuspidothrix tropicalis, a typical,
provides evidence that the disturbance generated by
the flood pulse caused this species to decline from
day 3, allowing the establishment of new niches.
According to Reynolds et al. (2002), this species is
adapted to a stable water column, resistant to light
limitations, although it is sensitive to the conditions
of flushing and mixing processes, which explains
because it is not favored during the potamophase.

Short-term disturbance events can be measured
by the rate of change of the community, where
values less than 0.20 characterize a relatively
stable community and values greater than 0.20
indicate abrupt changes in the community, in which
several species decline and are quickly replaced by
others (Huszar and Reynolds, 1997). Therefore, the
rate of change allows the identification of transition
in community organization, generated by the
critical changes of the environment (Lopes et al.,
2005).

Melack (1979) described three events that could
lead to abrupt community changes: 1) periodally,
such as changes in the hydrological pattern, flood
pulse, or mixing; 2) absence of periodality, expressed
by encouraging competition; and 3) changes of
an assemblage to another by internal factors. In
the Lake Amapd, periodality, especially in regard
to connectivity with the river during the flood
pulse, was likely related to the high rates of change
recorded during the high waters.

Cardoso and Marques (2003) considered the
action of wind as a disturbance factor for freshwater
phytoplankton, observing a change rate up to
0.38 h™'; while Lewis Junior (1978) reported values
between 0.02 to 0.13 d'. In this study, the rate of
change during the high waters varied significantly,
indicating marked changes in the community. The
values found in this study (0.07-1.63 dia™) extend
the range of variation previously reported in the
literature (Lewis Junior, 1978; Reynolds, 1984a, b).

During the high waters, it was observed
the replacement of Cuspidothrix tropicalis by
Gonyostomum semen from day 3 of sampling,
onward. G. semen is an opportunistic species
with a high reproductive rate (1.5 to 3.0 days)
and low surface-volume ratio (Figueroa and
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Rengefors, 20006). Le Cohu et al. (1989) mentioned
that G. semen goes through a cycle of sudden
population increase and decrease, rarely showing
mass deployment for a longer period. The present
study confirmed this behavior, since we observed
sudden increases and decreases in its abundance.

The large number (up to 20%) of encysted
cells of G. semen, beginning on day 5 of sampling,
indicated the existence of adverse environmental
conditions. Factors that may trigger this behavior
are poorly known. Low pH, eutrophication, and
limitation of light are mentioned as favoring
the development of Gonyostomum (Eloranta and
Palomaki, 1986; Pithart et al., 1997).

Phytoplankton communities are considered
stable when there are no marked changes in
community composition for a minimum of 15
days, and also when dominant species represent at
least 50% of the total biomass (Rojo and Alvarez-
Cobelas, 2003; Komdrkov4 and Tavera, 2003).
During the high waters, there was no stable pattern
apparent for the community.

Some studies have reported the coexistence
of G. semen with other species, for example
Aulacoseira granulata, which could indicate
similar environmental requirements, as well as
Gonyostomum blooms during the summer under
conditions of stratification (Korneva, 2001). In
the Lake Amapd, the presence of G. semen was
possibly related to several factors, including thermal
stratification, increased turbidity, and nutrient
concentrations.

The vertical gradient of phytoplankton
distribution, as evidenced by the CCA during the
high waters, was related to the long-lasting thermal
stratification of the lake in that period. In contrast,
in the low waters, when daily circulation occurred,
vertical gradients were inconspicuous.

The cryptomonas (C. erosa, C. marsonii, and
C. brasiliensis), although less abundant, were more
frequent during the high waters, when there was
greater availability of nutrients and less light in
the water column. The high surface:volume ratio
and high metabolic activity indicate a high degree
of adaptability and efficiency of these species in
the opportunistic exploitation of nutrients under
adverse conditions, favoring their development
under such conditions (Klaveness, 1988).

Phlips et al. (2008) found a predominance
of small phytoflagellates in Lake Amapd and an
abundance of Aulacoseira granulata in the high
waters, as observed in this study. Hamilton and
Lewis Junior (1987) made similar observations in
a floodplain lake of the Orinoco river, where they
attributed the predominance of small phytoflagellates
to the high sediment load and a limited euphotic
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zone. Similar patterns were observed for this
species by Bovo-Scomparim and Train (2008),
Borges et al. (2008), O’Farrell (1994), and Unrein
(2002), who also emphasized the adaptation of
this potamoplanktonic species, common in large,
highly turbid rivers, to flushing and its strategies
for nutrient uptake. The observations in the present
study agreed with this pattern, in which turbidity
and TP were the main factors affecting the species.

The phytoplankton community proved to be
adapted to prolonged stratification during the wet
period, when it was represented by phytoflagellates.
The results also showed that the influence of partial
atelomixia with a mixture in the surface layer, was
a key event for resuspension and maintenance of
larger, non-flagellated species including Aulacoseira
granulata and several species of Closterium in
the water column, emphasizing the ecological
importance of this event in floodplain lakes.

In this study, during the stage of the flood
pulse, biomass decline due to the dilution effect.
The higher rates of change and diversity indices
recorded during the potamophase disturbance can
be attributed to the flood, which caused system
instability. It was unclear, however, whether this
disturbance was strong enough to cause permanent
changes. The short-term sampling scale, does not
allow conclusive inferences about the persistence
and resilience of the community. On the other hand,
the observed lower rates of change and diversity
indices indicate trends in the low waters toward
community stability and likely a succession process.
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