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ABSTRACT: Taxonomic composition and temporal changes in phytoplankton community of Lake
Quebra-Pote (Maranhão State, Brazil). The phytoplankton of Lake Quebra-Pote was examined
by intervals during a hydrological cycle, in order to record temporal changes in the
species composit ion and in the abundance of main groups of algae. Physical and
chemical characteristics of water were also analyzed. Five samplings were carried
out in different periods of the hydrological cycle: drought (1997), rising water, flooding,
water falling and drought (1998). A total of 102 taxa were found: 15 Bacillariophyceae,
26 Chlorophyceae,  1  Chrysophyceae,  19  Cyanophyceae,  1  D inophyceae,  17
Euglenophyceae, 1 Xanthophyceae and 22 Zygnematophyceae; these data indicate a
diversif ied algal community. Most taxa constitute new records for Maranhão, partly
because phycological inventories are rare and partly due to the intrinsic peculiarity
of the local f lora, which was different from those in Lake Caçó and the interdunal
lakes of Lençóis Maranhenses, inventoried in earlier papers. Turbulence, rainfall and
water-level fluctuations were considered the main factors controlling the successional
dynamics. The Cyanophyceae class was the most abundant and dominant group in
three per iods sampled quant i tat ively:  water r is ing (38%),  water fa l l ing (48%) and
drought (54%). Bacil lariophyceae was the most abundant class only in the flooding
period, representing 48% of the phytoplankton community. Turbulence, precipitation
and water-level fluctuations probably controlled this change. The highest algal densities
occurred in the drought period. However the dominance of Cyanophyceae, a low-
quality food resource, may conduct to a food chain via detritus, whereas during the
flooding the abundant Bacil lariophyceae may support a herbivorous food chain and
higher secondary product ivi ty.
Key-words: phytoplankton, f loodplain lakes, f looding pulse, Lake Quebra-Pote, algae,
b iod ive rs i ty.

RESUMO: A composição taxonômica e as variações temporais na comunidade fitoplanctônica do
lago Quebra Pote, MA, Brasil. O fitoplâncton do lago Quebra Pote, estado do Maranhão,
foi estudado ao longo de um ciclo hidrológico, com relação às variações temporais
na composição de espécies e na densidade dos principais grupos fitoplanctônicos.
As características físicas e químicas da água foram também analisadas. Foram rea-
l izadas cinco amostragens, em diferentes fases do ciclo hidrológico: seca (1997) ,
enchente ,  che ia ,  vazante  e  seca ( 1998 ) .  Foram reg is t rados 102 táxons :  15
Bac i l la r iophyceae,  26 Chlorophyceae,  1  Chrysophyceae,  19  Cyanophyceae,  1
Dinophyceae, 17 Euglenophyceae, 1 Xanthophyceae e 22 Zygnematophyceae, indi -
cando ser esta uma comunidade bastante diversif icada. Muitas espécies represen-
tam novas ocorrências para o estado do Maranhão, em parte pela escassez de in-
ventários ficológicos e em parte pela peculiaridade da flora local, que foi diferente
daquela do lago Caçó e de lagoas dos Lençóis Maranhenses, onde foram realizados
estudos anteriores. A classe Cyanophyceae foi a mais abundante em três dos qua-
t ro per íodos aval iados, com predominância nos per íodos de seca (38%),  vazante
(48%) e enchente (54%). Somente na cheia, a classe Baci l lar iophyceae foi a mais
abundante, representando 48% do total de organismos fitoplanctônicos. A turbulên-
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c ia ,  a  prec ip i tação e  var iações no n íve l  d ’água são os prováve is  fa tores
controladores.  As maiores densidades a lgais ocorreram no per íodo de seca,  no
entanto a dominância de Cyanophyceae, um alimento de baixa qualidade, deve re-
sultar numa cadeia alimentar via detrít ica, ao passo que no período de inundação,
as Baci l la r iophyceae,  então abundantes,  devem supr i r  uma cadeia a l imentar  de
herbivoria e uma maior produtividade secundária.
Palavras-chave: fitoplâncton, lagos de planície, pulso de inundação, lago Quebra Pote,
a lgas,  b iodivers idade.

Introduction

The phytoplankton is the main primary-producer community in the majority of
aquatic ecosystems, thus constituting the base of the food-chain in the plankton as
wel l  as in other l inked communit ies,  such as benthos and nekton. Phytoplankton
organisms range from prokaryote algae (Cyanophyta) up to the eukaryotes. Developed
phytoplankton communities are restricted to lentic waters and large rivers with reduced
flow-rates (Wetzel, 1975).

A set of interacting environmental factors regulates the population growth and
the spatial and temporal distribution of phytoplankton. Besides the basic requirements
of temperature and light which control the permanence of the organisms in the euphotic
zone, the availability of micro and macronutrients have critical roles in the succession
of algal populations (Reynolds, 1984; Harris, 1987). Information about both the species
composition and patterns of phytoplankton occurrence, have great relevance for the
understanding of functioning of aquatic ecosystem as a whole.

Among the numerous habitats colonized by algae, the f loodplain lakes are
peculiar as a consequence of the strong interaction with the fluvial system. In such
lakes the hydrological cycle is often the main factor controlling the biological events
and usual ly two wel l -def ined per iods can be dist inguished: one star t ing with the
movement of the water f rom the r iver towards the f loodplain and extending unt i l
fluvial water will be back to the river channel – the potamophase, and the other when
the floodplain receives no material or energy from the river – the limnophase (Neiff,
1990). During the changes from one phase to the next, there are the transition periods,
when the water level is rising or falling. In accordance with the water level fluctuations,
there are thus four dist inguishable per iods: water r is ing;  f lood; water fa l l ing and
drought  (Huszar, 1994).

The f lood-pulse concept has been developed and part icularly applied to tro-
pical f loodplain r ivers (Junk et al . ,  1989; Neiff ,  1990), showing that the dynamic of
interact ions between terrestr ial  and aquatic systems is determined by community
organizat ion and production patterns.

The natural  f ie lds of  the “Baixada Maranhense” (Maranhão lowlands)  in the
Turiaçu r iver f loodplain are examples of ecological ly complex systems dominated
by the flood-pulse regime. Great changes in water level across the plains of Baixada
Maranhense occur seasonally as a consequence of well-defined dry and wet seasons
(Barbier i  e t  a l . ,  1989) .  S tudies on the b io log ica l  communi t ies are in  ear ly  s tage
considering the lakes myriad in the area, and that most of them have not been studied.
The present work focuses on the phytoplankton community in Lake Quebra-Pote, one
of the lakes of Turiaçu River f loodplain. The taxonomic composit ion, the temporal
changes in density of the main taxa and related physical and chemical variables are
analysed.

Material and methods

Lake Quebra -Po te  is  loca ted a t  the  midd le  por t ion  o f  Tur iaçu R iver  bas in
(2 o15 ´S ,  45o19 ´W) ,  a r iver of equator ia l  regime with headwaters or iginat ing in the
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Ser ra  do T i racambu,  the Nor thern h igh lands o f  Maranhão Sta te ,  Nor th  o f  Braz i l
(Fig. 1 ) .  The lake has an area of approximately 0.37 km 2,  length 750m; width 500m
and maximum and minimum depths of 6.0m and 0.50m, respectively. The surrounding
soi l  is  hydromorphic.

The regional  weather is  equator ia l  or  t ropical  (Am and Aw, in the Köppen
system), with a mean annual temperature of 26oC and an annual range of 2 – 3oC.
Annual rainfall varies between 1000 and 2000mm.

Figure 1 :  Map showing State of  Maranhão in Braz i l  and South Amer ica ,  par t ia l  hydrography of  the

State and the locat ion of  Lake Quebra-Pote in Tur iaçu River .
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Sampl ing was carr ied out  in f ive d i f ferent  per iods for  qual i ta t ive analys is :
drought (November, 1997); rising water (March, 1998), f lood (May, 1998) fall ing water
(August, 1998) and drought (December, 1998); and four for quantitative analysis, except
the drought period of 1997, when as a consequence of extremely low water level it
was not  poss ib le  to  co l lect  samples for  quant i ta t ive analys is  of  phytoplankton.
Samples were taken at a single point in the central region of the lake, at two depths:
in the surface and near the bot tom (0.2m above sediment ) .  S imultaneous in s i tu
measurements of water transparency (Secchi Disk) ,  pH, electr ical conductivity and
dissolved oxygen concentration were measured by using a multisensor (Horiba U10)
equipment.  Water samples were analysed in the laboratory to determine nutr ient
concentrations: total nitrogen, nitrite, nitrate, ammonium, dissolved total phosphorus,
dissolved inorganic phosphorus, dissolved organic phosphorus and reactive si l ica
following the procedures described in Mackereth et al . (1978) and Golterman et al.
( 1978) .

For phytoplankton qual i tat ive analyses, horizontal net hauls were carr ied out
with a 20mm net and samples were preserved in 4% formalin solution. Observations
were performed under high-magni f icat ion photomicroscope (1600x magni f icat ion) .
Individual dimensions were measured, drawings made and photos taken (Nogueira,
2003) .  For taxonomical  ident i f icat ion,  permanent s l ides were mounted with both,
natural and oxidized material, as described in Moreira-Filho & Valente-Moreira (1981).
Samples and permanent mounted slides are kept at the Phytoplankton Laboratory of
the Federal  Universi ty of Maranhão and wi l l  be incorporated to Herbar ium of the
Pharmacy Department. The following specialized literature was referred to, according
to the algal  group: Gei t ler  ( 1932) ;  Senna (1982) ;  Komárek & Fott  ( 1983) ;  Bicudo &
Samanez ( 1984) ;  Croasdale & F l in t  ( 1986;  1988) ;  Anagnost id is  & Komárek ( 1988) ;
Komárek & Anagnostidis (1989; 1999); Bicudo & Castro (1994); Croasdale et al. (1994)
and Menezes (1994). Quantitative samples were collected with a four l itre Van Dorn
bott le and 250mL samples were preserved in acidic Lugol solut ion (1% solut ion) .
Indiv iduals (cel l ,  colony,  f i lament ,  or  cenobium) were counted using an inver ted
CARL ZEISS microscope, as described by Utermöhl (1958),  in random microscopic
fields (Uhelinger, 1964).

Chlorophyl l  a was determined by extract ing in 90% aceton (Golterman et al . ,
1978, modif ied by Wetzel & Likens, 1991) and concentrat ions of nutr ients (si l icate,
ni t rogen and phosphorus) were quanti f ied according to the methods described in
Golterman et al. (1978).

Inorganic suspended solids (ISS) were determined through gravimetrical method.
Precipitat ion data were obtained from the Center for Meteorology and Hydric

Resources of the Maranhão State University.
Phytoplankton taxon composition of Quebra Pote Lake was compared to those

of Caçó and interdunal lakes of Lençóis Maranhenses formation by Cluster analysis
using presence and absence data (unweighetd pai r  group method based on the
Jaccard’s coeff ic ient ) .

Results

The main physical and chemical characteristics of Lake Quebra-Pote, during the
period of study, are summarized in Tab. I. The water pH is close to neutral, showing
litt le variation throughout the year, and no seasonal pattern. Electrical conductivity
was quite high during the dry period (210.0mS.cm - 1 ) ,  probably due to the effect of
mineral concentrat ion in water in such period. Water temperature also had a very
small seasonal range (28.0 to 32.0 oC), with the lowest values during the dry period
(November/December )  and the highest  dur ing the f lood.  The values obta ined for
dissolved-oxygen concentration indicated the existence of  oxygenated water column,
with a minimum of 5.27mg.L - 1 in the dry period (December, 1998) and a maximum of
7.61mg.L - 1 during the fall ing water period, in August, 1998.
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During the study, the great fluctuation in the water level was related to the regio-
nal rainfall cycle, shown in Fig. 2. The depth of the lake varied from a minimum of
0.5m in dry season (November, 1997) to a maximum of 6.0m in f lood period (May,
1998). The highest concentrat ions ofinorganic suspended solids were found in the
dry periods (Tab. I ) .

Table I: Physical  and chemical parameters in the surface layer of Lake Quebra-Pote dur ing di f ferent

phases  o f  t he  hyd ro log ica l  cyc le .  T  =  t empera tu re ;  Con  =  conduc t i v i t y ;  DO=  d i sso lved

oxygen,  ISS = inorganic suspended mater ia l .  nd = non-determined;   = lost  sample.

Figure 2:  Mon th ly  to ta l  r a in fa l l  (mm)  fo r  the  pe r iod  Sep tember  1997  to  December  1998  in  San ta

Helena distr ict ,  MA, Brazi l  and Lake Quebra-Pote depth (m) recorded at each phase of the

hydro log ica l  cyc le .

The qualitative analysis of samples taken in the five hydrological phases revealed
that the phytoplankton community of Lake Quebra-Pote, was represented by a total
of 102 taxa (species or genus). The Chlorophyta group, encompassing Chlorophyceae
and Zygnematophyceae, had the highest r ichness, represented by 26 and 22 taxa,
followed by Cyanophyta (Cyanophyceae) with 19 taxa, as il lustrated in Tab. II .  The
temporal analysis of the phytoplankton community revealed great changes in species
r ichness (Tab. I I ) ,  the greatest being found dur ing r is ing water (March, 1998) and
flood (May, 1998) with 54 taxa recorded in each period.

In  re la t ion to  the re la t ive  abundance o f  phytop lank ton groups (F ig .  3 ) ,
Cyanophyceae was dominant in three among four periods, except during the f lood
period (May, 1998), when Bacil lariophyceae was dominant.

There were also great changes in phytoplankton densities. The highest densities
occurred in dry and rising water periods (Tab. III). The values obtained for chlorophyll
a concentrations indicated similar changes in phytoplankton biomass, with highest
values in the same periods. (Tab. IV).

The nutrient concentrations (dissolved and total) are shown in Tab. IV. For total
nitrogen the samples from May 1998 were lost and are referred as nd (non-determined).
It can be observed that the highest concentration of total nitrogen and total phosphorus
occurred in  the dry per iod wi th maximum values of  2369.3µg.L - 1  and  220.3µg.L - 1

Variables Nov. 1997 

Drought 

Mar 1998 

Rising water 

May, 1998 

Flood 

Aug. 1998 

Falling Water 

Dec. 1998 

Drought 

Lake depth (m) 

Secchi depth (m)           

0.5 

0.15 

4.65 

0.40 

6.0 

0.85 

1.9 

0.33 

1.5 

nd 

pH 6.74 6.9 6.7 6.7 7.4 

Con (µS.cm-1) 140 ___ 50 65 210 

T (oC) 28 31 30 32 29.5 

DO (mg.L -1) 6.29 nd 5.27 7.61 5.75 

ISS (mg.L-1) 137 15.8 nd 31 150.5 
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respectively, recorded in the dry period of November 1997. A similar tendency of
highest concentrations in dry periods was found for ammonium, nitrite and inorganic
phosphorus .

Taxa Nov 
1997 

Mar 
1998 

May 
1998 

Aug. 
1998 

Dec 
1998 

Bacillariophyceae      
Achnanthes sp X X X  X 

Aulacoseira italica   X  X 

Aulacoseira granulata X X X X X 

Aulacoseira granulata var. Angustissima X X X X X 

Aulacoseira sp  X X   

Cocconeis sp     X 

Coscinodiscus oculusiridis X     

Cyclotella sp X     

Eunotia sp  X    

Nitzschia sp X X X   

Pinnularia sp X   X X 

Skeletonema costatum  X    

Surirella linearis X X   X 

Surirella robusta X   X X 

Synedra sp   X   

Subtotal 9 8 7 4 8 

Chlorophyceae      
Coelastrum pulchrum X X X X  

Coelastrum sp X   X  

Crucigenia crucifera X X    

Dictyosphaerium sp X  X   

Dimorphococcus sp X     

Eudorina elegans  X X X  

Golenkinia radiata X X X   

Kirchneriella cf. lunaris    X  

Kirchneriella obesa     X 

Micractinium sp   X   

Monoraphidium sp   X   

Oocystis borgei X X   X 

Pediastrum duplex X X X X X 

Pediastrum duplex var duplex     X 

Pediastrum duplex var. reticulatum X X X X  

Pediastrum duplex var. subgranulatum X    X 

Pediastrum tetras X X   X 

Scenedesmus bicaudatus X X    

Scenedesmus javanensis X X X   

Scenedesmus producto-capitatus  X X X   

Scenedesmus quadricauda var. quadricauda X X X  X 

Scenedesmus sp X X X   

Tetraëdron gracile X X    

Tetraplektron laevis  X X   

Treubaria triappendiculata X X X   

Tetrastrum sp  X    

Subtotal 18 17 14 6 7 

 

Table I I :  Taxonomic composi t ion ,  r ichness and occur rence o f  phytop lankton taxa in  the d i f fe rent

phases of  the hydrologica l  cycle ,  in  Lake Quebra -Pote ,  MA,  for  the per iod of  November ,

1997 to December,  1998.
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Table II: Cont .

Chrysophyceae      
Dinobryon sp   X   

Subtotal 0 0 1 0 0 

Cyanophyceae      
Anabaena aphanizomenoides    X X 
Anabaena flos-aquae X   X X 
Anabaena planctonica X    X 
Aphanizomenon gracile     X 
Aphanizomenon tropicale X     
Aphanocapsa delicatissima X   X X 
Chroococcus  sp X    X 
Cylindrospermopsis raciborskii     X 
Dactylococcopsis sp X     
Leptolyngbya sp    X  
Microcystis aeruginosa X    X 
Microcystis ichthyobable     X 
Microcystis wesenbergii X  X   
Microcystis sp X    X 
Oscillatoria sp1   X   
Phormidium retzii X    X 
Phormidium simplicissimum     X 
Planktolyngbya circuncreta X X X X X 
Planktothrix mougeotii X   X X 

Subtotal 12 1 3 6 14 

Dinophyceae      
Peridiniopsis sp X X X   

Subtotal  1 1 1 0 0 

Euglenophyceae      
Euglena acus X X X  X 
Euglena oxyuris X  X  X 
Euglena sp  X X   
Lepocinclis sp  X X   
Phacus curvicauda  X X   
Phacus ephippion X     
Phacus longicauda X X X   
Phacus orbicularis X     
Phacus sp X  X   
Strombomonas ensifera  X X   
Strombomonas fluviatilis  X X X   
Strombomonas verrucosa X     
Strombomonas sp X  X   
Trachelomonas armata  X X   
Trachelomonas volvocina  X X   
Trachelomonas sp1  X  X  
Trachelomonas sp2  X X   

Subtotal 9 11 13 1 2 

Xanthophyceae      
Centritractus sp    X  

Subtotal 0 0 0 1 0 
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Zynematophyceae      
Cosmarium sp  X  X  
Closterium aciculare  X    
Closterium leibleinii  X    
Closterium sp   X  X 
Euastrum sp  X    
Gonatozygon aculeatum   X   
Gonatozygon sp  X X   
Mougeotia sp1   X X  
Mougeotia sp2    X  
Onychonema laeve  X X   
Pleurotaenium       
Spirogyra sp  X X   
Staurastrum glabribrachiatum   X   
Staurastrum leptacanthum  X X X  
Staurastrum leptocladum var. smithii X X X X X 
Staurastrum paradoxum  X    
Staurastrum setigerum  X X   
Staurastrum tohopekaligense  X X   
Staurastrum sp1 X X X   
Staurastrum sp2  X X   
Staurodesmus  sp1  X X   
Staurodesmus  sp2  X X X  

Subtotal 2 16 15 6 2 

Total 51 54 54 24 33 

 

Table II: Cont .

Figure 3:  Re la t ive abundance of  phytoplankton groups in  Lake Quebra -Pote a t  d i f fe rent  phases of

the hydrological  cycle dur ing the per iod f rom November 1997 to December 1998

 Water rising 

27% 

26% 
34% 

0% 
2% 11% 

Flooding 

55% 
11% 

16% 

1% 
4% 13% 

Water falling 

35% 

20% 

33% 

0% 
1% 

11% 

Drought 

28% 

4% 
57% 

1% 
6% 

4% 

 Cyanophyceae 
Bacillariophyceae 

Chlorophyceae 

Euglenophyceae 

Unidentified 

Dinophyceae 
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Discussion

Lake Quebra Pote is a shallow, turbid and warm tropical lake. Its waters have
pH nearly neutral, are oxygenated and have moderate conductivity during periods of
h igh water  leve ls  ( f lood and fa l l ing  water  per iods ) .  Conduct iv i ty  and inorgan ic
suspended solid concentrations increase considerably during dry periods, probably
as a consequence of sediment re-suspension under low water levels. This is also a
possible explanation for the very high nutrient levels found during dry periods.

The phytoplankton community of Lake Quebra Pote was represented in the
samples by numerous genera and species among Chlorophyta ( from both Classes

Table  I I I :  Phytop lankton to ta l  dens i ty  ( ind iv idua ls .mL - 1 )  reg is te red in  sur face and bot tom layers  o f

Lake  Quebra  Po te ,  a t  d i f fe ren t  phases  o f  the  hydro log ica l  cyc le  dur ing  the  per iod  f rom

March 1998 to December 1998; S = surface, B =  near bottom.   =  lost  sample.

Variables  Nov 1997 
Drought 

Mar 1998 
Water rising 

May 1998 
Flooding 

Aug 1998 
Falling Water  

Dec 1998 
Drought 

S 10.3 3.9 3.2 2.6 21.8 N-NO2(µg.L-1) 
B ___ 2.5 3.9 1.8 ___ 
S 194.6 47.5 96.9 25.0 326.3 N-NH4 (µg.L-1) 
B ___ 43.0 106.8 24.1 ___ 
S 2369.3 480.3 Nd 176.7 124.0 TN (µg.L-1) 
B  450.5 Nd 149.0 ___ 
S 220.3 22.1 42.6 45.0 264.2 TP (µg.L-1) 
B ___ ___ 40.6 38.5 ___ 
S 73.8 20.8 14.8 13.8 247.9 PO4 (µg.L-1) 
B ___ 19.3 18.2 8.1 ___ 
S 1.0 1.8 4.0 0.8 3276.1 SiO4 (mg.L-1) 
B ___ 3.2 4.2 2.7 ___ 
S 40.7 26.1 7.35 7.3 27.5 Chl a (µg.L-1) 
B ___ 29.5 5.9 5.9 ___ 

 

Depth March 1998 
Water rising 

May 1998 
Flooding 

August 1998 
Falling water  

December 1998 
Drought 

S (0m) 4910 1894 1958 3682 
B (1.30-5.80m) 3221 1740 2177 ____ 

 
Tab le  IV :  Nu t r i en ts  and  ch lo rophy l l  a reco rded  in  Lake  Quebra -Po te  i n  d i f f e ren t  phases  o f  t he

hydrological cycle, during the period November 1997 to December 1998. (N-NO2 = nitr i te; N-

NH 4 =  ammonium; TN = to ta l  n i t rogen;  TP = to ta l  phosphorus;  DIP =  d issolved inorganic

phosphorus; PO4 = dissolved organic phosphorus; SiO4 = si l icate and Chl a = chlorophyll a.

S =  sur face,  B = bot tom) .

Figure 4:  Cluster analysis comparing phytoplankton taxon composit ion (presence – absence) among

the  lakes  Quebra  Po te ,  Caçó and in te rduna l  l akes  in  Lençó is  Maranhenses ,  Maranhão

S t a t e .
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Chlorophyceae and Zygnematophyceae) .  Cyanobacter ia  (Cyanophyceae)  a lso
contributed significantly to the richness of taxa. The combination of these groups as
main contributors to the richness of phytoplankton communities is frequently observed
in tropical ponds, lakes and reservoirs in many regions in Brazil (Xavier et al., 1985;
Huzsar, 1994; Marinho, 1994; Silva, 1995; Beyruth, 1996; Branco & Senna, 1996; Espíndola
et al . ,  1996; Ferreira, 1998; Cali jur i ,  1999; Henry & Nogueira, 1999; Menezes, 1999;
Nogueira, 1999 and Souza, 2000).

Among the Cyanophyceae recorded in Lake Quebra-Pote the species Microcystis
aeruginosa, Microcyst is wesenbergi i ,  Anabaena f los-aquae, Anabaena planctonica,
Aphanizomenon t rop ica le  and Cy l indrospermops is  rac iborsk i i ,  deserve spec ia l
attention,  as Sant’ Anna & Azevedo (2000) warned recently, due to their potential to
produce toxins.

When the Lake Quebra-Pote phytoplankton was compared with those of other
lakes in Maranhão State it was found that i ts phycological f lora is quite distinctive
and that very rich in species. Only one among the 170 species from Lake Quebra-Pote
algae also occurred in Lake Caçó (107 species), which is located in the Northeast of
the state, Primeira Cruz distr ict, at a distance of 100 Km from the sea (Dellamano,
2001) .  Nevertheless, the two samples belonged to di f ferent var iet ies: Staurastrum
leptocladum var. cornutum in Lake Caçó and Staurastrum leptocladum var. smithii in
Lake Quebra-Pote. In Lençóis Maranhenses interdunal ponds, close to Barreir inhas
district, among the 68 taxa recorded by Araújo (2000), only 5 species were shared
wi th  Lake Quebra -Pote :  Pedias t rum duplex ,  Pedias t rum te t ras ,  Scenedesmus
acuminatus, Scenedesmus quadricauda var.  quadricauda and Phacus longicauda. In
the same reg ion ,  Esp índola  e t  a l .  ( 1998 )  recorded 124 taxa ,  among which four
(Scenedesmus acuminatus ,  S .  quadr icauda ,  Ped ias t rum te t ras  and S tauras t rum
leptocladum) were also found in Lake Quebra-Pote. From the Boa Esperança Reservoir
(Maranhão-Piauí border) Pompêo et al .  (1998) identif ied 102 taxa, ten of which also
occurred in Lake Quebra-Pote (Microcyst is  aeruginosa,  Ankis t rodesmus fa lcatus ,
Scenedesmus acuminatus, Tetraëdron graci le, Sphaerozosma (Onychonema) laeve,
S tauras t rum leptacanthum,  S tauras t rum leptoc ladum,  S tauras t rum c lepsydra ,
Aulacoseira granulata and Surirel la l inearis).

In many tropical and subtropical waterbodies, the Cyanophyceae can be the
predominant group in the phytoplankton during some periods of the year, forming
dense blooms and dominating in numbers as well in biomass.

In Lake Quebra-Pote, Cyanophyceae was, numerically, the most abundant group
of  phytoplankton in three of  the per iods analyzed.  Only dur ing the f lood per iod
Baci l lar iophyceae was predominant ,  probably due to the instabi l i ty generated by
the rainfall. Being S-strategists (Reynolds, 1984) Cyanophyceae can grow at the lower
light intensities  found in periods of low water level and high turbidity. According to
Ibañez et al. (2000) the lakes in the floodplain of River Turiaçu receive a great amount
of suspended particles, both inorganic, mainly transported by the river, and organic,
from the riparian vegetation. Turbidity created by the entrance of these allochthonous
material could perhaps favor this kind of algae. The maximum phytoplankton densities
in Lake Quebra-Pote occurred in the dry or r is ing water per iods associated with
Cyanophyceae blooms. Concentrations of nitrogen and phosphorus nutrients and of
chlorophyll also occurred in the dry period, indicating that availabil i ty of nutr ients
and the highest phytoplankton biomass were temporal ly related. These densi t ies
were similar to those recorded by Dellamano (2001) in Lake Caçó, a large, old interdunal
lake, also in Maranhão State. Train & Rodrigues (1997) also found that in the shallow
lakes of the Paraná River floodplain (Southeast Brazil) the highest density and biomass
of phytoplankton were associated with Cyanophyceae blooms. Considering the great
f luctuat ion in water level occurr ing in Lake Quebra-Pote (0.5 to 6.0m, see Tab. I ) ,
along the hydrological cycle, it would be possible that the total phytoplankton in the
lake as a whole could be highest at the highest water level, during the flood period,
al though the relat ive densit ies were highest in the dry period, due to the great ly
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reduced water column. However, this cannot be checked at the present because lake
volume is not known yet. It is also in the flood period that diatoms predominate and
that the algal food has a better quality. It is well known that cyanobacteria are low
quality algal food (Engström-Öst, 2002; Becker & Boersma, 2003) whereas diatoms
can be consumed by many zooplankton species (Porter & Orcutt, 1997). Although this
seems to correlate with the high biomasses of fishes taken by local fisheries during
the f looding per iods in  Ba ixada Maranhense lakes (Sematur ,  1991 ) ,  there is  no
informat ion on f ish feeding habi ts so far.  Dur ing other per iods, with lower water
level and predominance of Cyanophyceae, which is already recognized as a poor
quality food, direct herbivory is probably reduced and the detritus route might  be
the most important route for energy transference in food-chains.

Acknowledgements

To Dr. Pedro Américo Cabral Senna ( in memoriam) for taxonomical help; Dra.
Ana Cláudia Peres, for helping with image acquisi t ion and CNPq for the f inancial
suppor t .

References

Anagnostidis, K. & Komárek, J. 1988. Modern approach to the classif ication system
of cyanophytes. 3 – Oscil latoriales. Arch. Hydrobiol. ,  82:247-345.

Araújo,  A.  2000. A comunidade f i toplanctônica de um sistema lacustre em curto
período de tempo (estações seca e chuvosa) – no Parque Nacional dos Lençóis
Maranhenses, Maranhão (02o19’ – 02o45’e 42o44’ – 43o29’W). São Carlos, USP, 101p.
(D isser tação ) .

Barbieri, R., Ibañez, M.S.R., Aranha, F.J., Correia, M.M.F., Reid, J.W. & Turner, P. 1989.
Plâncton, produção pr imária e alguns fatores f ís ico-químicos de dois lagos da
Baixada Maranhense. Rev. Bras. Biol. ,  49:399-408.

Beyruth, Z. 1996. Comunidade fitoplanctônica da represa de Guarapiranga: 1991-92.
Aspectos  eco lóg icos ,  san i tá r ios  e  subs íd ios  para  reab i l i tação da qua l idade
ambiental. São Paulo, USP, 191p. (Tese).

Branco, C.W.C. & Senna, P.A.C. 1996. Plankton studies in Paranoá Reservoir, Brasília,
Braz i l .  I .  Re la t ions among hetero t rophic  bacter ia ,  chlorophyl l  a ,  to ta l
phytoplankton,  to ta l  zooplankton and physicochemical  factors .  Hydrobio logia ,
337:171-181.

Bicudo, C.E.M. & Samanez, I.M. 1984. Desmidioflórula paulista III: gêneros Bambusina,
Desmidium, Groenbladia, Hyalotheca, Onychonema, Phytadocis, Spondilosium &
Teilingia. J. Cramer, Stuttgart. 138p.

Bicudo, C.E.M. & Castro, A.A.J. 1994. Desmidioflórula paulista IV: gêneros Closterium,
Spinoclosterium. J. Cramer, Stuttgart. 191p.

Cali juri ,  M.C. 1999. A comunidade fi toplanctônica em um reservatório tropical (Bar-
ra Bonita, SP).  São Carlos, USP, 211p.  (Tese de livre docência).

Croasdale, H. & Flint, E.A. 1986. Flora of New Zealand freshwater algae, Chlorophyta,
desmids with ecological comments on their habitats. V.R. Ward, Government Printer,
Wellington.  v.1, 133p.

Croasdale, H. & Flint, E.A. 1988. Flora of New Zealand freshwater algae, Chlorophyta,
desmids with ecological  comments on their  habi tats.  Botany Divis ion, D.S. I .R. ,
Christchurch. v.2, 147p.

Croasdale, H., Flint, E.A. & Racine, M.M. 1994. Flora of New Zealand freshwater algae,
Chlorophyta, desmids with ecological comments on their habitats. Manaaki Whenua
Press, Canterbury. v.3, 218p.

Dellamano, M.J. 2001. Estudo da comunidade fitoplanctônica da lagoa do Caçó  (MA),
frente às mudanças sazonais na localização da zona de convergência intertropical
(ZCIT) .  São Carlos, UFSCar,  151p. (Dissertação) .



 NOGUEIRA, N.M.C. et  a l .       Composi t ion and temporal  changes of  phytoplankton . . .430

Engström-Öst, J. 2002. Effects of cyanobacteria on plankton and planktivores. Helsink,
University of Helsink, 29p (Dissertat ion) .

Espíndola, E.G., Matsumura-Tundisi, T. & Moreno, I .D. 1996. Estrutura da comunida-
de fitoplanctônica da lagoa Albuquerque (Pantanal Matogrossense), Mato Grosso
do Sul, Brasi l .  Acta Limnol. Bras., 8:13-27.

Ferreira, R.A.R. 1998. Flutuações de curto prazo da comunidade f i toplanctônica na
represa de Jurumirim (r io Paranapanema, São Paulo), em duas estações do ano
(seca e chuvosa). São Carlos, USP, 227p (Master Thesis).

Ge i t le r ,  L .  1932.  Cyanophyceae.  In :  Rabenhors t ’ s ,  L .  Kryptogamenf lora  von
deustch lands ,  os ter rë ich und der  scweiz .  Akademische Ver lagsgesel lschaf t ,
Leipzig.  1196p.

Gol terman,  H .L . ,  C lymo,  R .S & Ohnstad,  M.A.M.  1978.  Methods for  phys ica l  and
chemical analysis of freshwaters. 2nd ed. Blackwell Scientific Publications, Oxford.
213p.

Harris, G.H. 1987. Phytoplankton ecology: structure, function and fluctuation. 2nd ed.
Chapman and Hall, London. 384p.

Henry, R. & Nogueira, M.G. 1999. A represa de Jurumirim (São Paulo): primeira sínte-
se sobre o conhecimento l imnológ ico e uma proposta pre l iminar  de manejo
ambienta l .  In :  Henry ,  R .  (ed . )  Eco log ia  de reserva tór ios :  es t ru tura ,  função e
aspectos sociais.  FAPESP/FUNDIBIO, Botucatu. p.653-685.

Huszar, V.L.M. 1994. Fi toplâncton de um lago amazônico impactado por rejei to de
bauxita (Lago Batata, Pará, Brasil): estrutura da comunidade, flutuações espaciais e
temporais. São Carlos, UFSCar, 219p (PhD Thesis) .

Ibañez, M.S.R., Cavalcante, P.R.S., Costa Neto, J.P., Barbieri, R., Pontes, J.P., Santána,
S .C .C . ,  Ser ra ,  C .L .M . ,  Nakamoto ,  N .  &  Mi tamura ,  O .  2000.  L imnolog ica l
characteristics of three aquatic systems of the pre-Amazonian flood plain. Baixa-
da Maranhense (Maranhão, Brazil ) .  Aquat. Ecosys. Health Manage., 3:521–531.

Junk, W.J., Bayley, P.B. & Sparks, R.E. 1989. The flood pulse concept in river-floodplain
sys tems.  In :  Dodge ,  D .P.  (ed . )  Proceedings o f  the In ternat iona l  Large R iver
Symposium. Can. Spec. Publ. Fish. Aquat. Sci. , 106:110-127.

Komarek ,  J .  &  Anagnost id is ,  K .  1989 .  Modern approach to  the c lass i f ica t ion o f
cyanophytes. 4. Nostocales. Arch. Hydrobiol .  Suppl. Algol.  Stud., 56:247-345.

Komárek,  J .  & Anagnostidis, K. 1999. Cyanoprokaryota, 1 .  Chroococcales. In: Ett l ,
H., Gartner, G., Heynig, H. & Mollenhauer, D. Süsswasserflora von mitteleuropa.
Gustav Fischer, Stuttgart. 545p.

Komárek,  J .  & Fott ,  B.  1983. Das Phytoplankton des Sübwassers.  Systematik und
Biologie. 7. Tei l ,  1 .  Hälf te. Chlorophyceae (Grünalgen) Ordnung: Chroococcales.
E. Schweizerbart’sche Verlagsbuchhandlung (Nägele u. Obemiller), Stuttgart. 1043p.

Mackereth, F.J.H.; Heron, J. & Talling, J.F. 1978. Water analysis: some revised methods
for  l imnologis ts .  Cumbr ia ,  Freshwater  Bio logica l  Associat ion.  121p.  (Sc ient i f ic
Publ icat ions, 36) .

Marinho, M.M. 1994. Dinâmica da comunidade fitoplanctônica de um pequeno reserva-
tório raso densamente colonizado por macrófitas aquáticas submersas (Açude do
Jacaré, Mogi-Guaçu, SP, Brasi l ) .  São Paulo, USP, 150p. (Master Thesis) .

Menezes, M. 1994. Fi tof lagelados pigmentados de quatro corpos d’água da região
sul do município do Rio de Janeiro, estado do Rio de Janeiro, Brasil. São Paulo,
USP, 533p. (PhD Thesis).

Menezes, M. 1999. Flora f icológica da Quinta da Boa Vista, Rio de Janeiro, Brasi l :
taxonomia e estratégias de Chlorophyceae flageladas em um lago art i f icial com
déficit hídrico. Hoenhea, 26:107-120.

Moreira Filho, H. & Valente Moreira, I.M. 1981. Avaliação taxonômica e ecológica das
diatomáceas (Baci l lar iophyceae) epíf i tas em algas plur icelulares obtidas nos l i -
torais dos Estados do Paraná, Santa Catarina e São Paulo. Bol. Mus. Bot. Munic.
Curi t iba, 47:1 -17.

Neiff, J.J. 1990. Ideas for the ecological interpretation of the Paraná River. Interciência,
15:424-441.



431                Acta Limnol. Bras., 17(4):419-431, 2005

Nogueira, I.S. 1999. Estrutura e dinâmica da comunidade fitoplanctônica da Represa
Samambaia, Goiás, Brasi l .  São Paulo, USP, 341p (PhD Thesis) .

Nogueira,  N.M.C.  2003. Estrutura da comunidade f i toplanctônica,  em cinco lagos
marginais do Rio Turiaçu, (Maranhão, Brasil) e sua relação com o pulso de inun-
dação. São Carlos, UFSCar, 132p (PhD Thesis ) .

Pompêo ,  M.L .M. ,  Moschini -Car los ,  V. ,  Costa  Neto ,  J .P. ,  Cavalcante,  P.R.S . ,  Ibañez,
M.S.R. ,  Ferreira-Correia,  M.M. & Barbier i,  R.  1998. Heterogeneidade espacial do
f i top lâncton no reservatór io  de Boa Esperança (Maranhão-P iau í ,  Bras i l ) .  Acta
Limnol.  Bras. ,  10:101-113.

Porter, K.G. & Orcutt, J .D. 1980. Nutri t ional adequacy manageabil i ty and toxicity as
factors that determine the food quantity of green and blue green algae for Daphnia.
In :  Ker foot ,  W.C .  (ed . )  Eco logy and evo lu t ion  in  zoop lank ton communi t ies .
University Press of New England, Hanover. p.268-281.

Reynolds, C.S. 1984. The ecology of freshwater phytoplankton. Cambridge University
Press, Cambridge. 384p.

Sant’anna, C.L. & Azevedo, M.T.P. 2000. Contribution to the knowledge of potentially
toxic Cyanobacteria from Brazi l .  Nova Hedwigia, 71:359-385.

Secretaria de Meio Ambiente e Turismo – SEMATUR. 1991.  Diagnóst ico dos pr inci -
pais problemas ambientais do Estado do Maranhão. SEMATUR, São Luís. 139p.

Senna,  P.A.C.  1982.  Nostocophyceae do munic íp io de São Paulo,  estado de São
Paulo, Brasil .  São Paulo, USP, 249p (PhD thesis).

Silva, L.H.S. 1995. Variabilidade temporal na estrutura da comunidade fitoplanctônica
de um reservatór io eutróf ico – Lago Monte Alegre,  Ribei rão Preto,  São Paulo,
Brasil .  Rio de Janeiro, UFRJ, 142p (Master Thesis) .

Souza, R.C.R. 2000. Dinâmica Espaço-Temporal da Comunidade Fitoplanctônica de
um Reservatório Hipereutrófico: Salto Grande (Americana, São Paulo). São Carlos,
USP, 159p (PhD Thesis).

T ra in ,  S .  &  Rodr igues ,  L .C .  1997.  D is t r ibu ição espaço- tempora l  da comunidade
f i top lanctôn ica .  In :  Vazzo ler ,  A .E .A .M. ,  Agost inho,  A .A .  &  Hahn,  N .S .  (eds . )  A
p lan íc ie  de inundação do a l to  R io  Paraná :  aspectos f ís icos ,  b io lóg icos e
socioeconômicos. Universidade Estadual de Maringá, Maringá. p.105-115.

Uhelinger, V. 1964. Étude statistique des méthodes de dénombrement planctonique.
Arch. Sci. , 17:121-223.

Utermöhl, H. 1958. Zur vervollkommnung der quantitativen phytoplankton methodik.
Mitt .  Int .  Ver. Theor. Angew. Limnol., 9:1-38.

Xavier, M.B., Monteiro Júnior, A.J. & Fujiara, L.P. 1985. Limnologia de reservatórios
do Estado de São Paulo, Brasil .  VII .  Fitoplâncton. Bol. Inst. Pesca, 12:145-186.

Wetzel, R.G. 1975. Limnology. W. B. Saunders Company, Philadelphia. 743p.
Wetzel, R.G. & Likens, G.E. 1991. Limnological analyses. 2a ed. Springer-Verlag, New

York. 391p.

Received: 26 April 2004
Accepted: 01 March 2006


