
117                Acta Limnol. Bras., 19(2):117-130, 2007

Phytoplankton ecological responses to the flood pulse in a Pantanal
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ABSTRACT: Phytoplankton ecological responses to the flood pulse in a Pantanal lake, Central Brazil.
Phytoplankton distribution patterns and directioner abiotic factors of their temporal variation
were analyzed in a floodplain lake (Sá Mariana) of the Pantanal (Mato Grosso State), a huge
wetland (140,000 km2) in central Brazil. Samples were collected monthly on the subsurface
of a stat ion in the pelagic region from September 1997 to August 1998. Phytoplankton
biomass and composition were evaluated using the sedimentation method. Phytoplankton
seasonal i ty was strongly related to the f lood pulse, with higher biomasses in the low
water phase (average= 5.5mg fresh weight L -1), when autochthonous processes lead to the
accumulation of biomass. However, maximums also occur in high waters (11.6mg L -1). They
are a result of resuspension processes in which sediments containing diatoms are made
available in the pelagic environment. Lower phytoplankton diversit ies (average=1.7 bits
mg - 1)  differentiate Sá Mariana lake from other f loodplain lakes l ike those of the Amazon
and Paraná rivers. Association P, represented especially by Aulacoseira sp. and Aulacoseira
granulata and their  var iet ies,  dominated the community dur ing the ent i re hydrological
cycle studied. This functional group of the phytoplankton is characteristic of the mixed
epiliminia in summers of temperate regions or turbulent shallow tropical lakes. The data
indicate that phytoplankton growth in the form of chlorophyll a is more limited by nitrogen
than by phosphorus. The avai labi l i ty of l ight and the mixing regime are also regulator
factors of phytoplankton biomass and composition.
Key-words: phytoplankton, assemblages, floodplain lake, seasonality, regulator factors.

RESUMO: Respostas ecológicas do fitoplâncton ao pulso de inundação em uma lagoa do Pantanal, Brasil
Central. Padrões de distribuição do fitoplâncton e fatores abióticos direcionadores de sua
variação temporal foram analisados em uma lagoa de inundação (Sá Mariana) do Pantanal
de Mato Grosso, uma imensa planície de inundação no Brasil  Central .  De setembro de
1997 a agosto de 1998, coletaram-se amostras mensalmente na sub-superf ície de uma
estação na região pelágica. A biomassa e composição fi toplanctônicas foram avaliadas
pelo método de sedimentação. A sazonalidade do fitoplâncton esteve relacionada forte-
mente ao pulso de inundação, com maiores biomassas na fase de águas baixas (média=
5.5 mg peso fresco L - 1) , quando processos autóctones levam à acumulação de biomassa.
No entanto máximos eventuais também ocorrem em águas altas (11.6 mg L - 1) , resultantes
de processos de ressuspensão de sedimentos contendo diatomáceas, disponibil izando-
as para o ambiente pelágico. Menores diversidades fitoplanctônicas (média= 1.7 bits mg - 1) ,
diferenciam a lagoa Sá Mariana de lagos de outras planícies de inundação como as do Rio
Amazonas e Paraná.  A associação P,  representada,  sobretudo por Aulacosei ra sp . e
Aulacoseira granulata  e suas variedades, dominou a comunidade durante todo o ciclo
hidrológico estudado. Este grupo funcional do fitoplâncton é característico do epiliminon
mesclado em verões de regiões temperadas ou de lagos rasos tropicais turbulentos.  Os
dados indicam que o crescimento fitoplanctônico, na forma de clorofila a, está mais limita-
do por n i t rogênio do que por fósforo,  sendo a disponibi l idade de luz e o regime de
mistura também fatores reguladores da composição e biomassa fitoplanctônica.
Palavras-chave: fitoplâncton, associações, lagoa de inundação, sazonalidade, fatores regula-
dores.

Introduction

In the classical literature, the dominance
of diatoms as a large taxonomic group has

been associa ted wi th low temperatures
(Zhang & Prepas, 1996), low availabil i ty of
light and deep mixing of the water column
(Sommer, 1988). In addition, it is related to
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high s i l ica  ava i lab i l i ty  and low to ta l
phosphorus contents (Tilman et al. ,  1982).
D ia toms genera l ly  dominate in  lo t ic
environments,  including several  r ivers of
the wor ld (Uherkovich & Schmidt ,  1974;
Garcia de Emiliani, 1990; Rojo et al., 1994;
Hötzel & Croome, 1996, O’Farrel et al., 2001;
Melo ,  2005) ,  as  wel l  in  deep lakes of
temperate regions dur ing the spr ing and
autumn circulations (Huszar & Caraco, 1998)
and also in polymict ic t ropical reservoirs
(Marinho & Huszar, 2002; Calijuri et al., 2002)
and coasta l  lagoon in  south o f  Braz i l
(Torgan,  1998;  Sa lomoni  & Schwarzbold ,
2004) .

The genus Aulacoseira,  in par t icular,
has been related to turbulent environments
(Kilham et al., 1986; Huszar et al., 1998) high
flow and low light availability (Sherman et
al., 1998). Temperature may be less critical
to the occurrence of this genus, than mixing
and suspension oppor tun i t ies  (K i lham &
Kilham, 1975).  Unl ike what has been said
about diatoms as a large taxonomic group,
the genus Aulacosei ra is  re la ted to h igh
contents of  tota l  phosphorus and ni t ra te
(Cobelas & Rojo, 1994; Train & Rodrigues,
1998) .  Dur ing per iods of  s t ra t i f ica t ion ,
filaments of Aulacoseira settle to the bottom
and the inocula are then resuspended
during the circulat ion period of the water
column (Garcia de Emiliani, 1973; Sommer,
1988; Reynolds, 1994).

It is reasonable to suppose that diatoms
might be among the dominant species in
the lakes that form the Pantanal complex
(Mato Grosso State), an extensive f looded
area that  belongs to the Paraguay River
bas in  (Cent ra l  Braz i l ) ,  whose aquat ic
systems are shal low and turbulent.  Many
of these systems have a high degree of
connectivi ty and are submitted to annual
fluctuations in water level. These variations
promote transformations in the limnological
properties and in the structure of the aquatic
communi t ies ,  which respond wi th
adaptations to the flood pulse. There is an
inf lux and out f lux of  mater ia ls ,  including
organisms f rom lo t ic  systems,  through
channels that interconnect them to the main
r ivers of  the drainage basin ( Junk et  a l . ,
1989) .

Despite the importance of the Panta-
na l  as  a  Wor ld  B iosphere Reserve
(www.mma.gov.br) ,  due to the impressive
amount of lotic and lentic ecosystems found
in this biome, and activities such as fishing
and ecotourism, the region has only recently

been studied from an ecological point of
view. Knowledge of the aquatic community
ecology of this large flooded area is of fun-
damental importance because the economic
pract ices in the region should be guided
by the diversity of the controlling factors of
the dynamics of  these envi ronments ,
including their biological communities (e.g.
phytoplankton ) .  In  re la t ion to  the
phytoplankton communi ty  ecology,  the
aquatic systems of the Pantanal are among
the least known in Brazil (Huszar & Silva,
1999) - only three quantitative studies exist.
These studies point to the dominance of
diatoms ( including the genus Aulacoseira)
in  systems wi th less lo t ic  in f luence and
Cryptophyceae (especia l ly  Cryptomonas
spp. )  in  env i ronments wi th  a  more
prolonged connection to the rivers, all with
fluctuation in populations densit ies l inked
to the hydro log ica l  cyc le (L ima,  1996;
Espíndola et al., 1996; Oliveira & Calheiros,
2000) .

The study of phytoplankton follows the
most modern trends in ecology in the use
of di f ferent biological  features to include
species in  coherent  funct ional  groups,
whose performance reflects important pro-
cesses such as growth,  loss and the
acquis i t ion of  nut r ients .  They a l low the
predic t ion of  character is t ics  o f  d i f fe rent
environments (Statzner et al., 1997; Huszar
& Caraco, 1998; Willby et al., 2000; Weithoff,
2003) .  Consider ing these aspects ,  the
habitat model concept has been applied to
phytoplankton, taking into account a certain
number of diagnostic environmental axes,
which d i f fe rent ia te  a t t r ibutes and
adaptat ions of species that compose the
pelagic vegetation (Reynolds, 1997; Kruk et
al., 2002). The latest version of the scheme
morphological - funcional  (Reynolds et  a l . ,
2002) ,  s t i l l  under  const ruct ion,  grouped
species of phytoplankton into 31 (thirty one)
assemblages, identified by an alphanumeric
code and descr ip t ions of  d i f fe rent
envi ronmenta l  condi t ions .  S ix  o f  these
assemblages include diatoms, all from well-
mixed environments going from oligotrophic
(assemblage A)  to  mesot rophic
(assemblages B and N)  and eut rophic
(assemblages C, D and P) systems.

In this work, we looked at the tempo-
ral distribution patterns of the phytoplankton
of a Pantanal floodplain lake (Mato Grosso
State) and investigated the physical ( l ight
and mixing) and chemical (nutrients) factors
that regulate dominance. We also used the
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funct iona l  approach based on dominant
species to  examine phytoplankton
dynamics. Biological regulation by grazing
or parasit ism, which may be important in
cont ro l l ing spec ies composi t ion and
abundance,  was not  cons idered in  th is
study.

Material and methods

Sá Mariana lake (Fig. 1) is located in the
nor thern reg ion of  the Pantanal  ( 16o14 ’S ,
55o58’W, Mato Grosso State, Central Brazil)
and situated on the left bank of the Cuiabá
River, a tributary of the Paraguay River which
is a large tributary of the Paraná River. The
Pantanal is an extensive flood area of about

140,000 km2, whose hydraulic gradient va-
ries from 0.7 to 6.5 cm km - 1 (Ponce, 1995).
I ts  complex hydrography,  together  wi th
edaphic  and geomorpholog ica l
heterogenei ty ,  determines a mosaic  of
landscapes wi th  d i f fe rent  hydro log ica l
condi t ions .  Th is  is  due to  the d i f fe rent
posi t ions they occupy on the f loodplain.
The cl imate of the region corresponds to
type Aw of Köppen (Savannah Tropical )  -
hot and humid with ra ins in the summer
and drought in the winter. Historical data
show that annual total precipitation varies
from 800 to 1600mm and annual average
temperature fluctuates between a maximum
of 29 to 32oC and a minimum of 17 to 20oC
(PCBAP, 1997).
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Figure 1 :   Locat ion and map of  Sá Mar iana lake (Pantanal ,  Mato Grosso State )  showing the sampl ing
stat ion (black dot ) .

Sá Mar iana lake is  an e longated
permanent body of water with an area of 11
km2 in the low water phase,  a maximum
depth of 4.7 m and an average depth of 3.6
m (P in to -S i lva ,  1980) .  I t  const i tu tes an
enlargement of a black water river, rich in
dissolved organic matter and linked to the
turbid Cuiabá River even during low waters.
This  determines the occurrence of  two
distinct regions. In the rainy season, i t  is
also connected to an adjacent turbid-water
lake, forming a wide f looded area of 450
km2.  I t  is  located in an open area under
constant  wind act ion and has a coasta l
region covered by aquat ic  macrophytes,
predominantly Eichhornia azurea Swartz and
E. crassipes Martens.

Samples were collected monthly from
September 1997 to August  1998 for  the
purpose of analyzing phytoplankton and the
physical ,  chemical and physical -chemical
variables of the water. This was carried out
by passing a flask on the subsurface of a
pelagic area heavily influenced by a dark-
water river. The annual cycle covered the
four  phases of  the hydro log ica l  cyc le
characteristic of floodplain lakes (rising, high
water, falling, low water).

Phytoplankton samples were fixed with
Lugol ’s  so lu t ion and popula t ions were
enumerated in random f ie lds (Uehl inger ,
1964)  us ing the inver ted microscope
technique (Utermöhl ,  1958)  a t  200x
magni f ica t ion for  the Aulacose i ra



 LOVERDE-OLIVEIRA, S.M. & HUSZAR, V.L.M .         Phytoplankton ecological  responses to the f lood pulse . . .120

populations and 400x magnification for other
populations. The units (cells, colonies and
filaments) were enumerated to at least 100
specimens of the most abundant species
(Lund et  a l . ,  1958) .  Speci f ic biomass (mg
fresh weight  L - 1)  was est imated f rom the
product of the population density and mean
unit volume of each species (Edler, 1979),
assuming a speci f ic  dens i ty  o f
phytoplankton cells of 1 g.cm -3. When it was
possible, the determination of average cell
size was based on measurements of at least
thir ty cel ls.  Mean unit  volume of diatoms
was calculated from biovolume minus 35%,
which cor responds to  the vacuoles in
pennate forms, and minus 65% in centr ic
forms (Round et al . ,  1990) .  Phytoplankton
assemblages were establ ished according
to Reynolds et al .  (Reynolds et al . ,  2002)
from species that contributed more than 5%
to to ta l  b iomass.  Species r ichness was
evaluated considering the total number of
species in each sample (taxa per sample)
and diversity by the Shannon and Wienner
index (Shannon & Weaver, 1963).

Meteorological data were provided by
Padre Ricardo Remet ter  Meteoro log ica l
Station, about 40 km in a straight line from
the lagoon.  Temperature ,  e lect r ica l
conduct iv i ty  o f  the water  and pH were
measured us ing a  WTW por tab le  meter ;
alkalinity through the method of Golterman
et al. (1978); water transparency by the depth
of disappearance of the Secchi disc (SD);
turbidity using a HACH 2100P turbidimeter;
and suspended mater ia l  accord ing to
Teixeira et al .  (1965) .  The euphotic depth
(z eup )  was est imated as 3 .0  t imes the
ext inct ion depth of  SD (Cole ,  1994) .  The
depth ratio of the euphotic depth/maximum
depth (zeup/zmax) was used as a measure of
the availability of light in the water column
(Jensen et al., 1994). Dissolved oxygen was
analyzed using the Winkler method modified
by Golterman et al. (Golterman et al., 1978);
to ta l  n i t rogen (TN) ,  ammonia n i t rogen (N
NH 4

+ )  and n i t ra te  (N NO 3
- )  by  d iazon ic

complex; total phosphorus (TP) and reactive
soluble phosphorus (P-PO 4

3- ) by molibdate
blue (Golterman et al. , 1978; Mackereth et
al., 1978).

Total l ight extinction (K total)  was calcu-
lated from SD as K total  = -1 x ln (SD l ight) /SD,
where SD l ight is the fraction of surface light
penetration at SD depth, generally reported
as 10% (Wetzel & Likens, 1991). Total l ight
ext inct ion (K to ta l )  is  the sum of ext inct ion
from the phytoplankton themselves (Kphyto) ,
as well as extinction from colored organic

matter and inorganic turbidity (residual K,
K res ) .  Kphyto was calculated as EP x Chl -a ,
where EP is the biomass specific extinction
( in  m2 mg Chl - 1)  o f  phytoplankton,  which
generally varies between 0.01 and 0.02 for
d i f fe rent  phytoplankton (McBr ide e t  a l . ,
1993). Here we use a value of 0.016.

Least square regressions were done on
logar i thmic (base 10 )  t ransformed data .
Di f ferences between data sets were
ca lcu la ted us ing non-pa i red T- tests .  The
biomasses of  the main la rge taxonomic
groups and the phytoplankton assemblages
were related to the abiotic variables using
Spearman Rank correlations (signif icant at
p<0.05) .  The reduced number of samples
could has been the reason why significative
corre la t ions was not  reached whi th  the
abiotic variables.

Results

The resul ts  consider  three per iods,
according to the variation in phytoplankton
composi t ion and b iomass:  per iod I
(September to November 1997), phases of
low waters and the beginning of the rising;
per iod I I  (December 1997 to June 1998) ,
phases of r is ing, high waters and fal l ing;
period III (July and August 1998), covering a
second low water phase (Fig. 2).

The month ly prec ip i ta t ion presented
marked variability (Fig. 2a), being relatively
high during the rising (end of period I and
beginning of period II) and practically absent
at  the end of  fa l l ing to the beginning of
low waters in 1998 (end of period II to the
beginn ing of  per iod I I I ) .  I f  compared to
historical averages the period studied had
very little rain (700 mm). This corresponds
to El  Niño event  ( 1997-98) ,  which in th is
region results in a more conspicuous dry
per iod wi th  s ign i f icant  reduct ion in
hydrometr ic  level  (p<0.001 )  in re lat ion to
previous years. The annual average of air
temperature was 27oC, fluctuating in a ran-
ge of 7.3oC between the coldest and the
hottest month of the year. The surface water
temperature var ied between 19 and 40oC
during the study (Fig. 2a and 2b). The falling
period coincided with the months in which
the temperatures were lower .  The wide
variation in the maximum depth of the lake
(0.5 to 3.0 m, Fig. 2b) was not significantly
related (p=0.42)  to the local  pluviometr ic
precipitation, but it was significantly related
to the hydrometric level (HL) of the Cuiabá
r iver  (p<0.0001 ) ,  which expla ined 95% of
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the maximum depth variabil i ty of the lake
( z m a x  =  - 0 . 96+0 .744  HL ) .  The  w ide  r a t i o
b e t w e e n  t h e  a r e a  o f  t h e  l a k e  a n d  i t s
average depth,  as wel l  as the wind regi -
m e  o f  t h e  r e g i o n  ( T a b .  I ) ,  a l l ied  to  i t s
shallowness, impose a daily circulation re-
g ime of  the water  mass on the lake.
Maximum winds of 4 m.s -1, which blow most
of the year in the direction of the transver-
sal axis of the lake (2.7 km), were recorded
during most of the sampling dates.

The high coefficient of l ight extinction
in Sá Mariana lake (average= 4.649 m - 1) and
the high proport ion of ext inct ion by non-
phytoplankton particulate material and/or by
dissolved organic  mat ter  (average K r es=
4.548 m - 1)  suggests that the l imitat ion by
light may be an important factor acting on
the phytoplankton. However, no significant
cor re la t ion was found between to ta l
b iomass or  taxonomic groups and the
coef f ic ient  o f  ex t inc t ion by non-
phytoplankton mater ia l .  I t  should be
emphasized that the ratio zeup/zmax (euphotic
depth/maximum depth) ,  as an expression
of l ight availabil i ty, was high, indicating a

totally illuminated water column during most
of the study. November and December were
exceptions due to the more intense rains
during the rising, when the euphotic zone
reached 50 and 60% of the water column,
respect ively (F ig .  2b) .  I f  the averages of
turb id i ty  and suspended mater ia l  a re
considered (Tab. I) , the waters of the lake
may be evaluated as more turbid during the
second low water period (period III) than in
the other periods.

On average, the waters of the lake were
sl ight ly acidic,  wi th low alkal in i ty values
and, consequently, high CO2 concentrations
(Tab. I). The punctual data of pH revealed a
tendency for lower values (5.3 - 6.5) in the
first low water phase and during the rising
(period I and the beginning of period II) and
higher values (5.6 - 8.0) start ing from this
phase unti l the end of the study (Fig. 3a).
The waters of Sá Mariana were, on average,
supersaturated in dissolved oxygen in the
first low water phase and subsaturated in
the other  phases (Tab.  I ) .  The e lect r ica l
conductivity of the water was relatively low
dur ing the ent i re study,  wi th 83% of the
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Figure 2:  Var ia t ion in a )  prec ip i ta t ion (columns)  and a i r  temperature ( l ine ) ;  b )  maximum depth (zmax ) ,
euphotic zone (zeup)  and temperature in surface waters in Sá Mariana lake (LW= low water, R=
rising, HW= high water, F= fall ing).
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data be low 20 µS cm - 1.  Month ly  va lues
increase during the rising (5-31 µS cm - 1) and
declined (6-20 µS cm -1) from high waters until
the second low water phase (Fig. 3a).

Sá Mariana lake is characterized by low
concentrations of both dissolved inorganic
nitrogen (average DIN= 3.35 µM) and total
nitrogen (average TN= 17.70 µM), with 74%
of the DIN as N NH 4

+.  On the other hand,
relatively high contents of total phosphorus
(average TP= 5.8 µM) and reactive soluble
phosphorus (average P PO4

3-= 1.1 µM, Tab. I)
were recorded. The dissolved forms of N
and P tended to decline from the first low
water phase until the beginning of the rising
(periods I and II). The wide data variability,
with two maxima in the dissolved inorganic
forms in the high water phase (N in March
and P in  February ,  F ig .  3b )  should be
emphasized. In addition, N NH4

+ values near
zero and greatly reduced N NO3 values were
recorded in  January 1998.  TN was
cha rac te r i zed  by  h ighe r  ave rage

concen t ra t ions  in  per iod  I I  ( r i s ing ,  h igh
water and fall ing) and TP in periods I and
I I  (Tab .  I ) .  A  c lea r  inc rease  in  the  TN
concentrations was observed from the low
waters of 1997 until the end of the fall ing
phase  (pe r iods  I  and  I I ) ,  dec reas ing
markedly again in the second low water
phase (period I I I ,  Fig. 3c) .  Fluctuations in
TP were more conspicuous and presented
values below  The atomic ra t io  average
TN/TP was low during the entire study (<7),
with higher values (>16) only in Apri l  and
May (fal l ing).

During the study, 80 taxa of planktonic
algae were recorded in Sá Mariana lake: 26
Chlorophyceae,  24 Baci l lar iophyceae,  14
Cyanobacter ia ,  12  Zygnemaphyceae,  02
Cryptophyceae,  01  D inophyceae and 01
Chrysophyceae. However, on average, only
five species and their varieties contributed
more than 5% each to total biomass in each
period (Tab. II).

 Period I 
Sep-Nov 1997 

Period II 
Dec-Jun 1998 

Period III 
Jul-Aug 1998 

Air temperature (ºC) 30.9±4 29.4±5.4 37.2±4.4 

Precipitation (mm) 92±67.8 56±62.2 14±19.5 

Monthly maximum wind (m s-1) * 3.8±0.74 2.9±1.35 2.0±0 

Hydrometric level of the Cuiabá River (m) 2.5±0.4 4±1.1 2±0.1 

Water temperature (ºC) 30.2±2.4 29.4±4.3 31.1±1.6 

zmax (m) 0.77±0.5 2.19±0.8 0.70±0 

zeu (m) 0.54±0.1 2.03±0.8 0.70±0 

zeu/zmax 0.9±0.3 1.0±0.2 1.0±0 

Suspended material (mg L-1) 10±0 10±0 20±2 

Turbidity (NTU) 6.7±2.4 8.8±5.6 18.6±4.3 

Conductivity (µScm-1) 11±10.3 16±8 7±1.7 

pH 6±0.4 6.8±1.2 6.75±0.8 

Alkalinity (µeq L-1) 180±7 234±16 65±85 

CO2 (mg L-1) 5.6±3.8 5.8±8.3 0.6±0.8 

Dissolved oxygen (%) 125±20.9 75±16.6 87±2.2 

N NH4
+(µM) 3.14±1.1 2.57±2.3 1.49±0.3 

N NO3
-(µM) 1±0.8 0.85±0.8 0.5±0 

P PO4
-3 (µM) 1.3±0.5 1.3±1.3 0.8±0.1 

Total nitrogen (µM) 11±6.2 22±8.8 12±0.5 

Total phosphorus (µM) 6.3±4.9 6.7±4.8 1.9±0.2 

Total nitrogen/Total phosphorus (atomic) 3±3.4 9±13.3 6±0.3 

Biomass (mg fresh weight L-1) 3.5±1 2.5±4.1 7.5±4 

Richness (taxa/sample) 19±5.1 18± 4.2 24 ±4.2 

Diversity (bits mg-1) 1.4±0.6 1.8±0.8 1.6±0.3 

 

Table I: Average and standard deviation of cl imatological and l imnological variables, and phytoplankton
in surface waters of Sá Mariana lake during the study period (zmax= maximum depth; zeup= euphotic
zone ) .

*Maximum wind in the 24 hours before the collection.
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Figure 3: Variation in a) electrical conductivity and pH; b) SRP, ammonium and nitrate concentrations; and
c) total nitrogen (Total-N) and total phosphorus (Total-P) concentrations in surface waters of Sá
Mariana lake (LW= low water, R= rising, HW= high water, F= fall ing).

The total biomass of the phytoplankton,
expressed in  the form of  f resh weight ,
varied from 0.2 to 11.6 mg L-1, with maximums
in March (high waters) and July (low waters),
which were about 2.5 t imes greater than
the average biomass of  the ent i re study.
No s ign i f icant  cor re la t ion was found
between total biomass, as fresh weight, and
i ts  pred ic ted dr iv ing fac tors  l ike
temperature,  l ight ,  hydrometr ic level  and
nutr ients .  However ,  i f  the phytoplanton

biomass expressed in  the form of
chlorophyll a is considered, the variability
was significantly explained (p=0.009) by DIN
concent ra t ions ,  zmax and coef f ic ient  o f
ext inct ion of the non-phytoplankton l ight ,
K res ( log-Chl=0.266 + 0.496 log-DIN - 0.884
log-zmax - 0.406 log-E res; r2=0.83).

Three periods were recognized, taking
in to  account  the var iab i l i ty  in  the
phytoplankton composi t ion and b iomass
(Fig. 4).
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Figure 4: Variat ion in a)  re lat ive and b)  absolute phytoplankton biomass per taxonomic group; and c)
species diversity and richness in surface waters of Sá Mariana lake (LW= low water, R= rising,
HW= high water, F= fall ing).

The low water  and beginning of  the
r is ing phases of  1997 (per iod I )  were
characterized by intermediate-value average
biomass (3 .5 mg L - 1)  and l i t t le  tempora l
variability. The diatom Aulacoseira sp. was
the dominant species and contributed, on
average, 76% to total biomass. Populations
of  Aulacosei ra  [A.  g ranula ta  (Ehrenberg )
Simonsen var. granulata, A. granulata var.
angust iss ima  (O.  Mül ler )  S imonsen,  A .
d is tans (Ehrenberg )  S imonsen,  A .  i ta l i ca
(Ehrenberg )  S imonsen and A.  herzogi i
(Lemmermann) Simonsen] also contributed.
Accompanying popula t ions o f
ch lorophyceae Eute t ramorus  sp.  and
cyanobacter ia  Microcyst is  aeruginosa
Kützing, with average contributions of 6 and
7%, respect ive ly ,  were recorded in  th is

period. The end of the rising, high waters
and falling phases (period II) were marked by
relatively low average biomass (2.5 mg L - 1)
and by dominance of Aulacoseira sp. (46%)
and A. granulata and their variet ies. This
dominance was fo l lowed by Microcyst is
aeruginosa ( 16%) and desmid Closter ium
setaceum Ehrenberg ex Ra l fs  ( 10%) .
Di f ferent ly  f rom per iod I ,  however ,
conspicuous  f luctuation  in biomass due
to  a  max imum va lue  occur red  in  March
(11.6 mg L - 1)  was observed, with the almost
total  dominance (99%) of Aulacoseira sp.
The second low water phase (period III) was
marked by high average biomass (7.5 mg L-1)
and the dominance of Aulacoseira sp. and
A.  granula ta  and the i r  var ie t ies  (64%) ,
fo l lowed by Botryococcus sp.  ( 16%)  and
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Eutet ramorus  sp.  (8%) .  A second
conspicuous increase in biomass occurred
in  th is  per iod ,  wi th  popula t ions of
Aulacoseira contributing, on average, 64%
to a total of 10.4 mg L - 1.

In Sá Mariana lake, diversi ty was, on
average,  re la t ive ly low dur ing the ent i re
study (Tab. I ;  Fig. 4c) and was lower (1 .4
and 1.6 bits.mg - 1,  respectively) in both low
water phases (periods I and III), if compared
to the rising, high water and falling phases
(per iod I I ;  1 .8  b i ts  mg - 1 and 43%,
respect ive ly ) .  Assemblages of  dominant
a lgae were aggregated,  to  which f ive
species together contributed, on average,
83% of the total biomass during the study
(Tab.  I I ) .  Assemblage P,  formed by
filamentous diatoms (Aulacoseira spp.) and

elongated unicellular desmids (Closterium
setaceum) ,  was the main descr iber
assemblage of the system, contributing, on
average,  64% to to ta l  b iomass.  I t  was
followed by assemblage F (8%), formed by
immobi le  a lga l  co lon ies embedded in
muci lage (Eute t ramorus  sp.  and
Botryococcus sp.), and assemblage M (12%),
compr is ing cyanobacter ia  co lon ies
(Microcystis sp.). P assemblages, is common
in mesotrophic lakes in low  lati tudes;  F
assemblages,  character is t ic  for  c lear
epi l imnia ,  to lerant  to  low nut r ient  and
sensi t ive to  h igh turb id i ty ;  and M
assemblage, may dominate in shallow lakes
with daily mixing in low latitudes,  according
to Reynolds (1997).

Table II :  Percentage of  biomass (means)  of  phytoplankton assemblages (Ass. )  as dominant groups of
species, per period in Sá Mariana lake. Labels according to Reynolds et al. (2002).

Period I Ass Period II Ass Period III Ass 

Sep-Nov 1997  Dec-Jun 1998  Jul-Aug 1998  

76% Aulacoseira sp. P 52% Aulacoseira sp. P 64% Aulacoseira sp. P 

7% Eutetramorus sp. F 16% Microcystis aeruginosa M 16% Botryococcus sp. F 

6% M. aeruginosa M 10%Closterium setaceum P 8% Eutetramorus sp. F 

 

Discussion

The influence of the variation in water
level  in  s t ructur ing aquat ic  communi t ies
genera l ly  in  f loodpla in  lakes has been
widely recognized in the literature (Junk et
al., 1989; Neiff, 1990). The phytoplankton in
these systems, for example, has temporal
distr ibution patterns driven by a group of
forces produced by the flood pulse, which
interact with climatic and biotic factors (Train
& Rodrigues, 1997; Ibanez, 1998; Huszar,
2000). In Sá Mariana lake, some attributes
of the phytoplankton community could be
associated with the seasonal variabil ity of
the envi ronmenta l  condi t ions ,  even i f
s ign i f icant  cor re la t ions between the
regulating factors and plankton composition/
biomass have not been found. Peaks of to-
tal biomass occurred in both low and high
waters but  the h ighest  average b iomass
occurred in the two low water phases. The
absence of causal  relat ionships between
the bottom up control ( l ight and nutrients)
and the phytop lankton b iomass may be
thought  as a re f lect ion of  the in tense
hydrodynamism of the system.

In  addi t ion ,  the great  d ivers i ty  o f
habitats in systems such as the Pantanal
probably allows the co-occurrence of many
species with differing strategies and levels
of adaptation as a result of cyclical changes
caused by the flood pulse (Junk et al., 1989).
However ,  cont rary to what  has been
recorded for floodplain lakes in the Amazon
(Huszar & Reynolds, 1997), and the upper
(Train & Rodrigues, 1998) and middle (Garcia
de Emi l ian i ,  1993)  Paraná River ,
phytoplankton diversity in Sá Mariana lake
was low (average= 1.7 bits mg - 1) ,  owing to
the dominance of diatom Aulacoseira sp.
Typical species of well-mixed environments
persist in Sá Mariana throughout the year.
The high species abundance of this group
of  a lgae and of  the associa ted
chlorophyceae was also observed in other
water bodies in the Pantanal (Lima, 1996;
Oliveira & Calheiros, 2000). Indeed, when
dominant  in  f reshwater  systems,  d ia tom
species general ly occur in smal l  number
usually varying from 1 to 4 species (Cobelas
& Rojo, 1994). The persistent dominance of
Aulacoseira throughout the year is clearly
associated with the continual mixing of the
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system, which promotes i ts maintenance
in the pelagic environment and sti l l  al low
frequent  access to layers wi th greater
availability of light (Kilham & Kilham, 1975;
Reynolds,  1994;  Hötze l  & Croome,  1996;
Sherman et  a l . ,  1998) .  Da i ly  per iods of
s t ra t i f ica t ion and mix ing recorded in
previous 24-hours study in Sá Mariana lake
(P in to -S i lva ,  1980)  and homogeneous
thermal  prof i les  observed dur ing the
present  s tudy permi t  i ts  inc lus ion in
cont inuous warm polymict ic  systems
accord ing to  the c lass i f ica t ion of  Lewis
(1983) .

The diatoms constituted two maxima,
independent  o f  lake depth :  one in  h igh
waters and the other in the second phase
of low waters. It should be emphasized that
even in high waters, the lake was only three
meters deep, which keeps it in the shallow
system category and subject to daily total
mixing. In fact, assuming the considerations
of  Reynolds ( 1997)  on page 47 and the
intensity of the winds at the sampling time
(generally about 4 m s -1), a three-meter thick
layer could, on average, be submitted to a
mixing time of only nine minutes. Everything
indicates that  suspended maintenance,
more than access to  l igh t ,  was the  key
fac to r  i n  the  mass ive  dominance  o f
Aulacoseira  sp. in Sá Mariana lake, since
the  h igh  z eu / z eup  r a t i o  showed the
ava i l ab i l i t y  o f  l i gh t  i n  the  en t i r e  wa te r
column during most of the study.

In addition to the physical regime, the
bottom up control by nutrients is of funda-
mental importance to the understanding of
phytoplankton assemblage dynamics, which
are strongly related to the trophic state of
the systems. The identification of the trophic
s ta te  o f  sha l low t rop ica l  aquat ic
environments is complex (Esteves,  1988;
Huszar et al . ,  1998) .  I f  the cr i ter ia widely
accepted by the Organization for Economic
Cooperation and Development (OECD) are
c o n s i d e r e d  ( Vo l l e n w e i d e r  &  K e r e k e s ,
1980) ,  as  wel l  as  the annual  average of
TP  (5 .77  µM) ,  Sá Mar iana lake cou ld  be
c lass i f i ed  as  an  eu t roph ic  sys tem.
However ,  i f  t he  ch lo rophy l l  con ten t  i s
considered (7 .6  µg.L - 1 )  the system would
be included in the mesotrophic range.  I t
may be  supposed ,  the re fo re ,  that  other
fac tors  than phosphorus cou ld  be
influencing phytoplankton growth. Indeed,
if the average concentrations of TN (17.7 µM)
are considered,  the system is  c lear ly
ol igotrophic. Thus, the classic, signif icant

and strong correlation between P-total and
chlorophyll a verified for temperate regions,
where P is  the main l imi t ing fac tor  for
phytoplankton growth (Smi th ,  1982;
Mazumder, 1994; Nürnberg, 1996), was not
verified for Sá Mariana lake. There was no
s ign i f icant  cor re la t ion between TP and
chlorophyl l  a ,  but  the ch lorophyl l  a
concentrat ions were st rong ( r 2=0.83)  and
signi f icant ly  (p=0.0093)  predicted by the
combination of the variabil ity in dissolved
inorganic nitrogen concentrations, maximum
depth of  the lake and coef f ic ient  o f
ex t inc t ion o f  l igh t  by non-phytop lankton
contribution. This is indicative that N can
be thought  as l imi t ing to  phytoplankton
growth in the lake, which has been argued
by other  authors  wr i t ing about  t rop ica l
regions (Lewis, 1996).

Analyses of  changes in  the
phytoplankton communi ty  have been
traditionally focused on the main taxonomic
groups and/or dominant species. Adequate
f i l te rs  to  cover  the occurrence of  most
species are diff icult to establish while the
condi t ions tha t  favor  la rge taxonomic
groups are ambiguous and over lap.  The
funct iona l  g roup (phytop lankton
assemblages) approach, using tolerances
and sensi t iv i t ies ,  can bet ter  def ine the
conditions of the system and contribute to
a better understanding of the habitat where
these assemblages l ive (Reynolds et  a l . ,
2002) .  G iven the phys ica l  and chemica l
conditions of Sá Mariana lake, assemblages
C, D and P,  typical  of  enr iched turbulent
envi ronments,  should be the most  l ike ly
dominants. In fact, assemblage P, typical of
the mixed ep i l iminon in  summers of
temperate regions or low-lat i tude shal low
lakes ,  sens i t ive to  s t ra t i f ica t ion and to
deplet ion of si l ica and tolerant of carbon
and l ight  def ic iency,  was the main
functional group present in Sá Mariana lake.
The dominant genus Aulacoseira includes
species widely recognized as characteristic
main ly  of  turbulent  per iods in  eut rophic
lakes (Kilham & Kilham, 1975; Lima et al. ,
1979; Cobelas & Rojo,  1994; Reynolds et
al . ,  2002). The growth l imitat ion levels of
diatoms may be est imated from the hal f -
saturation constants for population growth
(Ks ) ,  in  re la t ion to  the main nut r ients
(Reynolds, 1997) such as reactive soluble
phosphorus (0 . 10 -0 . 16 µM) and d issolved
inorganic n i t rogen (6 -8 µM),  and react ive
soluble si l ica (average= 1.5 µM) as shown
for 10 ten diatom species from thirty 30 data
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in  the l i te ra ture (T i lman & K i lham, 1976;
K i lham et  a l . ,  1977;  T i lman et  a l . ,  1982;
Sommer, 1988).  Assuming these levels, i t
is  un l ike ly  that  the phosphorus
concentrations (average SRP= 0.67 µM) could
l imit  phytoplankton growth in Sá Mariana
l a ke .  Low  concen t r a t i ons  o f  d i s so l ved
ino rgan i c   f o rms  o f  n i t r ogen  ( ave rage=
3 .2  µM) ,  which are below those required
to hal f -saturate the growth of  most a lgal
spec ies ,  ind icate that  th is  nut r ient  may
rest r ic t  phytoplankton growth.  In  fac t ,
ammonium was the only nutrient that was
s ign i f icant ly  re la ted (p=0.03 )  to  d ia tom
biomass,  expla in ing 33% of  b iomass
var iab i l i ty.  Low TN/TP ra t ios (by a tom) ,
a lmost  a lways below 16 (Redf ie ld et  a l . ,
1963) ,  a lso suggest that ni t rogen may be
the nut r ient  more l ike ly  to  l imi t
phytoplankton growth ,  whi le  s i l ica  is
probably not a l imit ing nutr ient.  Although
there are  no s i l ica  data  for  the present
study, previous information indicated high
sil ica  concentrations  in Sá Mariana lake
(96 µM) (Pinto-Silva, 1980). These values are
about  65 t imes h igher  than the ha l f -
saturation constant for diatom growth.

Cons ider ing tha t  N probably  l imi ts
phytoplankton growth in Sá Mariana lake and
both the absolute concentrations of N and
P (Reynolds, 1999) and their rat ios in the
definit ion of the freshwater phytoplankton
composi t ion ,  an ample development  o f
cyanobacter ia was expected (Bulgakov &
Levich ,  1999;  Smi th & Bennet t ,  1999) .
However ,  the re la t ive envi ronmenta l
constancy tha t  favors  the dominance of
cyanobacteria (Paerl, 1988) was not verified,
at least in the sampling region with great
r iver - in f luenced hydrodynamism. In  fact ,
dur ing the low water  per iod of  1997
(September/October ) ,  the development of
Anabaena cf .  sp i ro ides was observed in
areas less in f luenced by the r iver  (not
sampled in detail in this study).

In  shor t ,  the seasonal i ty  o f  the
phytop lankton of  Sá Mar iana lake was
strongly related to the flood pulse, with high
biomass in the low water phase and peaks
occurr ing in  h igh waters .  Low
phytoplankton diversit ies differentiate this
lake from others of the Amazon and Paraná
floodplains. Assemblage P (Aulacoseira sp.
and Aulacosei ra  granula ta  and the i r
var ie t ies ) ,  fo rmed by spec ies typ ica l  o f
turbulent  env i ronments ,  dominated the
community during the ent i re hydrological
cycle .  In  addi t ion,  phytoplankton growth

l imi ta t ion ,  expressed in  the form of
chlorophyll a, is more related to N than P.
Light availability and the mixing regime are

References

Bulgakov, N.G. &  Levich , A.P. 1999.  The
ni t rogen:phosphorus ra t io  as  a  fac tor
regula t ing phytoplankton communi ty
structure. Arch. Hydrobiol., 146:3-22.

Calijuri, M.C., Santos, A.C.A. & Jati, S. 2002.
Temporal changes in the phytoplankton
communi ty s t ructure in a t ropical  and
eut rophic  reservoi r  (Bar ra  Boni ta ,  SP,
Brazil). J. Plankton Res., 24:617-634.

Cobelas ,  M.A.  & Rojo,  C.  1994.  Factors
influencing the share of planktic diatoms
in lakes. Algol.  Stud., 74:73-104.

Cole ,  G.A.1994.  Textbook of  L imnology.
Waveland Press Inc, Illinois.

Edler, L. 1979. Recommendations for marine
bio log ica l  s tud ies in  the Ba l t ic  Sea .
Phytoplankton and Chlorophyll. UNESCO,
Work ing Group 11 ,  Bal t ic  Mar ine
Bio log is ts ,  Nat ional  Swedish
Envi ronmenta l  Pro tect ion Board ,
Stockholm.

Espíndola ,  E.G. ,  Matsumura-Tundis i ,  T.  &
Moreno, I .H. 1996. Estrutura da comuni-
dade f i top lanctôn ica da lagoa
Albuquerque (Pantanal Matogrossense),
Mato Grosso do Sul, Brasil. Acta Limnol.
Bras., 8:13-27.

Esteves,  F.A.  1988.  Considerações sobre
aplicação da tipologia de lagos tempera-
dos a lagos tropicais. Acta Limnol. Bras.,
2 :3 -28.

García de Emiliani, M.O. 1973. Ultraestructura
y po l imor f ismo de Melos i ra
pseudogranulata A. Cl. y cambios en la
densidad de su poblac ión en e l  Lago
Mascardi. Soc. Cient. Argent. Santa Fé,
1: l -10.

García de Emiliani, M.O. 1990. Phytoplankton
ecology of the Middle Paraná River. Acta
Limnol. Bras., 3:391-417.

Garc ía  de Emi l ian i ,  M.O.  1993.  Seasonal
succession of phytoplankton in a lake of
the Paraná River f loodplain, Argentina.
Hydrobiologia, 264:101-114.

Gol terman,  H.L . ,  C lymo R.S .  & Ohnstad,
M.A.M.  1978.  Methods for  chemical
analysis of  freshwater. ( IBP Handbook,
8 ) .  B lackwel l  Sc ient i f ic  Publ ica t ion ,
Boston.

Hötzel ,  G. & Croome, R. 1996. Populat ion
dynamics of Aulacoseira granulata (Ehr.)



 LOVERDE-OLIVEIRA, S.M. & HUSZAR, V.L.M .         Phytoplankton ecological  responses to the f lood pulse . . .128

Simonsen (Bacillariophyceae, Centrales),
the dominant alga in the Murray River,
Australia. Arch. Hydrobiol., 136:191-215.

Huszar,  V.L .M.  2000.  A comunidade
fitoplanctônica e sua relação com o pul-
so de hidrológico e o rejeito de bauxita.
In: Bozelli, R., Esteves, F.A. & Roland, F.
(eds.) Lago Batata: impacto e recupera-
ção de um ecossistema amazônico. Ins-
tituto de Biologia,UFRJ, Sociedade Brasi-
le i ra de Limnologia,  Rio de Janeiro.  p.
91 -104.

Huszar,  V.L .M.  & Caraco,  N.F.  1998.  The
re la t ionship between phytoplankton
composi t ion and phys ica l -chemica l
variables: a comparison of taxonomic and
morphological - funct ional descr iptors in
s ix  temperate lakes.  Freshwater  Bio l . ,
40:679-696.

Huszar,  V.L .M.  & Reynolds,  C.S .  1997.
Phytop lankton per iod ic i ty  and
sequences of dominance in a Amazonian
flood-plain lake (Lago Batata, Pará, Brazil):
responses to  gradual  env i ronmenta l
change. Hydrobiologia, 346:169-181.

Huszar, V.L.M., Si lva, L.H.S., Domingos, P.,
Marinho M. & Melo, S. 1998. Phytoplankton
species composit ion is more sensi t ive
than OECD criteria to the trophic status
of  three Braz i l ian t rop ica l  lakes .
Hydrobiologia, 369/370:59-72.

Huszar, V.L.M. & Si lva, L.H.S. 1999. Cinco
décadas de estudos sobre a ecologia do
fitoplâncton no Brasil .  Limnotemas, 2:1 -
22 .

Ibanez,  M.S .R.  1998.   Phytoplankton
composition and abundance of a central
Amazonian f lood-p la in .  Hydrobio log ia ,
362:78-83.

Jensen,  J .P. ,  Jeppesen,  E. ,  Ol r ik ,  K .  &
Kristensen, P. 1994. Impact of nutr ients
and physical  factors on the shi f t  f rom
cyanobacterial to chlorophyte dominance
in shal low Danish lakes.  Can.  J .  F ish.
Aquat. Sci., 51:1692-1699.

Junk, W., Bayley, P.B. & Sparks, R.G. 1989.
The f lood pulse concept  in  r iver
f loodplain system. Can. J .  Fish. Aquat.
Sci. Spec. Publ., 106:110 -127.

K i lham, S .S .  & K i lham, P.  1975.  Melos i ra
granula ta (Ehr )  Ral fs :  morphology and
ecology of  a cosmopol i tan f reshwater
diatom. Verh. Int. Verein. Limnol., 19:2716-
2721.

Kilham, P., Kilham, S.S. & Hecky, R.E. 1986.
Hypothes ized resource re la t ionships
among Af r ican p lankton ic  d ia toms.
Limnol. Oceanogr., 31:1169-1181.

Kilham, S.S., Kott, C.L. & Tilman, D. 1977.
Phosphate and si l icate kinet ics for the
lake Mich igan d ia tom Dia toma
elongatum. J. Great Lakes Res., 3:93-99.

Kruk, C., Mazzeo, N., Lacerot, G. & Reynolds,
C.S .  2002.  C lass i f ica t ion schemes for
phytoplankton:  a  loca l  va l idat ion of  a
funct ional  approach to the analysis of
spec ies tempora l  rep lacement .  J .
Plankton Res., 24:1191-1216.

Lewis Jr, W.M. 1983. A revised classification
of lakes based on mixing. Can. J. Fish.
Aquat. Sci., 40:1779-1787.

Lewis Jr, W.M. 1996. Tropical lakes: how lati-
tude makes a difference. In: Schiemer, F.
& Boland, K.T. (eds.) Perspectives in tro-
p ica l  l imnology.  SPB Academic
Publishing, Amsterdam. p.43-64.

Lima, D. 1996. Estrutura das comunidades
zooplanctônica e fitoplanctônica do Lago
Recreio, Pantanal de Barão de Melgaço,
MT. São Carlos, UFSCar, 209p (Disserta-
ção).

Lima, W.C., Tundisi, J.G. & Marins, M. 1979. A
systemic approach to the sensit ivity of
Melosira italica (Ehr.) Kutz. Rev. Bras. Biol.,
39:559-563.

Lund, J.W.G., Kipling, C. & Le Cren, E.D. 1958.
The inver ted microscope method of
est imat ing a lga l  number  and the
sta t is t ica l  bas is  o f  es t imat ing by
counting. Hydrobiologia, 11:143-170.

Mackereth, F.J.H., Heron, J. & Tall ing, J. F.
1978.  Water  analys is :  some revised
methods for  l imnologis ts .  Freshwater
Biol. Assoc. Sci. Publ., (36):1-121.

Marinho, M.M. & Huszar, V.L.M. 2002. Nitrogen
avai labi l i ty and physical  condi t ions as
cont ro l l ing fac tors  o f  phytop lankton
composit ion and biomass in a t ropical
reservoi r  (Southern ,  Bras i l ) .  Arch.
Hydrobiol. , 153:443-468.

Mazumder, A. 1994. Phosphorus-chlorophyll
relationships under contrasting herbivory
and thermal stratification: predictions and
patterns. Can. J. Fish. Aquat. Sci., 51:390-
400.

McBride, G.B., Vant, W.N., Cloern, J.E. & Liley,
L .B.  1993.  Development of  a model  of
phytoplankton b looms in  Manukau
Harbour.  NIWA Ecosystems,  Hami l ton.
52p. Publication, 3.

Melo,  S . ,  Rebelo,  S .R.M. ,  Souza,  K.F. ,
Menezes,  M. & Torgan,  L .  2005.
Fitoplâncton. In: Santos-Silva, E.N., Aprile,
F.M. ,  Scudel ler ,  V.V.  & Melo,  S .  (orgs. ) .
Biotupe: meio f ísico, diversidade bioló-



129                Acta Limnol. Bras., 19(2):117-130, 2007

gica e sociocultural do Baixo Rio Negro,
Amazônia Central. INPA, Manaus. p.87-98.

Nei f f ,  J . J .  1990.  Ideas for  the ecologica l
in terpreta t ion of  the Paraná r iver .
Interciência, 15:424 441.

Nürnberg, G.K. 1996. Trophic state of clear
and colored, soft -and hard-water lakes
with special consideration of nutr ients,
anox ia ,  phytoplankton and f ish .  Lake
Reservoir Manage., 12:432-447.

O’Farre l ,  I . ,  Tel l ,  G.  & Podlejski ,  A.  2001.
Morphological variabil i ty of Aulacoseira
granula ta  (Ehr . )  S imonsen
(Bacil lar iophyceae) in the lower Paraná
River (Argentina). Limnology, 2:65-71.

Oliveira, M.D. & Calheiros, D.  2000. Flood
pulse in f luence on phytoplankton
communities of the south Pantanal, Bra-
sil. Hydrobiologia, 427(1-3):101-112.

Paerl, H.W. 1988. Growth and reproductive
strategies of freshwater blue-green algae
(Cyanobacteria). In: Sandgren, C.D. (ed.)
Growth and reproduct ive st rategies of
f reshwater  phytoplankton . Cambr idge
University Press, Cambridge. p. 261-315.

PCBAP. 1997. Plano de Conservação da Ba-
cia do Alto Paraguai .  Meio f ís ico Diag-
nóstico dos meios físico e biótico. Proje-
to Pantanal.Programa Nacional do Meio
Ambiente. Brasília, v. II, Tomo 1, 433p.

Pinto-Silva, V. 1980. Variações diurnas e fa-
tores ecológicos em quatro lagos natu-
rais do “Pantanal Matogrossense” e seu
estudo comparativo com dois lagos da
Amazônia  Cent ra l  e  um lago ar t i f ic ia l
Represa do Lobo (“Broa” São Carlos, SP).
São Carlos, UFSCar, 218p (Dissertação).

Ponce,  V.M.  1995.  Impacto h idro lóg ico e
ambiental da hidrovia Paraná-Paraguai no
Pantanal Mato-grossense: um estudo de
referência.  San Diego State Universi ty,
San Diego. 250p.

Redfield, A.C.,  Ketchum, B.H. & Richards,
F.A. 1963. The influence of organisms on
the composition of sea-water. In: Hill, M.N.
(ed. )  The sea.  John Wi ley & Sons
Interscience, New York.  p. 26-77.

Reynolds,  C.S.  1994.  The long,  the short
and the s ta l led :  on the a t t r ibu tes  o f
phytoplankton select by physical mixing
in  lakes  and  r ivers.   Hydrobiologia,
289:9-21.

Reynolds, C.S. 1997. Vegetation processes
in the pelagic:  a model for ecosystem
theory. Ecology Institute, Germany. 371p.
(Excellence in Ecology, 9).

Reynolds,  C.S.  1999.  Non-determinism to
probabi l i ty ,  or  N :P in  the communi ty

ecology of  phytoplankton.  Arch.
Hydrobiol., 146:23-35.

Reynolds,  C.S . ,  Huszar,  V.L .M. ,  Kruk,  C. ,
Naselli-Flores, L. & Melo, S.  2002. Towards
a funct iona l  c lass i f ica t ion o f  the
f reshwater  phytoplankton.  J .  P lankton
Res., 24:417-428.

Rojo, C., Alvarez-Cobelas, M. & Arauzo, M.
1994. An elementary, structural analysis
of  r iver  phytoplankton.  Hydrobio logia ,
289:43-55.

Round, F.E. ,  Crawford, R.M. & Mann, D.G.
1990.  The d ia toms.  B io logy and
morphology of  the genera. Cambr idge
University Press, Cambridge. 758p.

Sa lomoni ,  S .E .  & Schwarzbold ,  A .  2004.
Phytoplankton communi ty  and
l imnological  aspects of  three pol luted
lakes (Marcel ino,  Pe ixoto ,  P inguela ,
Ossór io ) ,  R io Grande do Sul ,  Braz i l .
Biociências, 12:63-78.

Shannon,  C.E.  & Weaver, W. 1963. The
mathematical theory of communication.
University of  Illinois Press, Urbana. 173p.

Sherman, B.S., Webster, I.T., Jones, G.J. &
Ol iver,  R.L .  1998.  Transi t ions between
Aulacoseira and Anabaena dominance in
a turb id r iver  wei r  pool .  L imnol .
Oceanogr., 43:1902-1915.

Smith, V. 1982. The nitrogen and phosphorus
dependence of algal biomass in lakes:
an empir ica l  and theoret ica l  ana lys is .
Limnol. Oceanogr., 27:1101-1112.

Smi th ,  V.H.  & Bennet t ,  S . J .  1999.
Nitrogen:phosphorus supply rat ios and
phytoplankton communi ty s t ructure in
lakes. Arch. Hydrobiol., 146:37-53.

Sommer,  U .  1988.  Growth and surv iva l
s t ra teg ies of  p lanktonic  d ia toms.  In :
Sandgreen,  S .  D.  (ed. )  Growth and
reproduct ive s t ra teg ies of  f reshwater
phytoplanktonic.  Cambridge Univers i ty
Press, Cambridge. p. 227-260.

Statzner, B., Hoppenhaus, K., Arens, M.F. &
Richoux,  P.  1997.  Reproduct ive t ra i ts ,
habi ta t  use and templet  theory :  a
synthesis of world-wide data on aquatic
insects. Freshwater Biol., 38:109-135.

Teixeira, C., Tundisi, J.C. & Kutner, M.B. 1965.
Plankton studies in a mangrove system
I I :  The s tanding -s tock and some
ecological factors. Bol. Inst. Oceanogr. ,
24:23-41.

Tilman, D. & Kilhman, S.S. 1976. Phosphate
and sil icate growth and uptake kinetics
of the diatoms Asterionella formosa and
Cyclote l la  meneghin iana in  batch and



 LOVERDE-OLIVEIRA, S.M. & HUSZAR, V.L.M .         Phytoplankton ecological  responses to the f lood pulse . . .130

semi -cont inuous cul ture .  J .  Phycol . ,
12:375-383.

Tilman, D., Kilhman, S.S. & Kilham, P.  1982.
Phytoplankton community ecology: the
role of limiting nutrients. Annu. Rev. Ecol.
Syst. , 13:349-372.

Torgan, L.C., Becker, V. & Rodrigues, S.C.
1998.  Volume celu lar  de espécies de
f i top lâncton da lagoa dos Patos ,  R io
Grande do Sul, Brasil. Biociências, 1:183-
186.

Train, S. & Rodrigues, L.C. 1997. Distr ibui-
ção espaço- tempora l  da comunidade
f i toplanctônica.  In :  Vazzoler ,  A.E.A.M. ,
Agostinho, A.A. & Han, N.S. (eds) A planí-
cie de inundação do alto Rio Paraná: as-
pectos f ís icos,  biológicos e sócio-eco-
nômicos. EDUEM, NUPELIA, Maringá. p.
72-102.

Train, S. & Rodrigues, L.C. 1998. Temporal
f luc tuat ions of  the phytoplankton
community of the Baía river in the upper
Paraná river flood-plain, Mato Grosso do
Sul, Brazil. Hydrobiologia, 361:125-134.

Uehl inger,  V.  1964.  Étude stat is t ique des
méthodes de dénobrement planctonique.
Arch. Sci., 17:21-223.

Uherkovich,  G.  & Schmidt ,  G.W. 1974.
Phytoplankton in  dem zent ra l
amazonischen Schwemmlandsee lago
Castanho. Amazoniana, 5:243-283.

Utermöhl, H. 1958. Zur VervollKomnung der
quant i ta t iven phytoplankton -Methodik .
Mitt. Int. Ver. Int. Theor. Angew. Limnol.,
9:1 -38.

Vollenweider, R.A. & Kerekes, J. 1980. The
loading concept as basis for controlling
eut rophicat ion :  ph i losophy and
preliminary results of OECD programme
on eutrophication. Prog. Water Technol.,
12:5-38.

Weithoff ,  G. 2003. The concepts of ‘plant
functional types’ and ‘functional diversity’
in  lake phytoplankton -  a  new
understanding of phytoplankton ecology?
Freshwater Biol., 48:1669-1675.

Wetzel, R.G. & Likens, G.E. 1991. Limnological
analyses. Springer-Verlag, New York. 391p.

Willby, N.J., Abernethy, V.J. & Demars, B.O.L.
2000.  At t r ibute -based c lass i f icat ion of
European hydrophytes and relationship
to habi tat  ut i l izat ion.  Freshwater Biol . ,
43:43-74.

Zhang, Y. & Prepas, E.E. 1996. Regulation of
the dominance of planktonic diatoms and
cyanobacter ia  in  four  eut rophic
hardwater  lakes by nut r ients ,  water

column stabi l i ty and temperature. Can.
J. Fish. Aquat. Sci., 53:621-633.

Received: 22 December 2006
Accepted: 24 May 2006


