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Abstract: Aim: To test the effect of fish exclusion over zooplankton and phytoplankton 
in a shallow lake in the floodplains of the Cuiabá River in Brazil’s Pantanal; Methods: Fishes 
and two classes of zooplankton sizes were excluded using mesocosms (100 µm and 200 µm 
mesh openings). The experiment lasted nine days with sampling at the beginning, six and 
nine days after the start of the experiment. Zooplankton and phytoplankton densities 
were compared among exclusion treatments and the open water which was considered 
as control areas by a Repeated Measures Analysis of Variance; Results: The zooplankton 
composition and densities differed considerably between the exclusion treatments and 
the control areas, with a predominance of Cladocera and Copepoda in the exclusion 
treatments and a predominance of Rotifera in the control areas. During the experiment, 
the composition of the phytoplankton assemblage showed no difference between the 
exclusion and the control. However, there was a marked reduction in the density of the 
Cyanophyta and Chlorophyta algae among the exclusion treatments; Conclusions: The 
increase in density and the variation in the zooplankton composition suggest that these 
organisms are controlled by the fish and demonstrate that the zooplankton may exert 
control over the density of phytoplankton. 

Keywords: top-down control, zooplankton, shallow lake, Pantanal, trophic cascade.

Resumo: Objetivo: Testar o efeito da exclusão de peixes sobre o zooplâncton 
e o fitoplâncton em um lago da planície de inundação do Rio Cuiabá, Pantanal; 
Métodos:  Peixes e duas categorias de tamanhos de zooplâncton foram excluídos 
utilizando tanques mesocosmos (com aberturas de malhas de 100 µm e 200 µm). O 
experimento teve nove dias de duração, com amostragens realizadas no início e seis e 
nove dias após o início do experimento. As densidades do zooplâncton e fitoplâncton 
foram comparadas entre os tratamentos de exclusão e áreas abertas da lagoa, que foram 
consideradas áreas controle, por uma Análise de Variância com Medidas Repetidas; 
Resultados: A composição e a densidade do zooplâncton diferiram significativamente 
entre os tratamentos de exclusão e as áreas controle. Houve predominância de Cladoceras 
e Copépodes nos tratamentos de exclusão e predomínio de rotíferas nas áreas controle. 
Durante o experimento, a composição da assembléia fitoplanctônica não diferiu entre os 
tratamentos de exclusão e o controle. No entanto, houve uma redução significativa nas 
densidades de Cyanophyta e Chlorophyta nos tratamentos de exclusão quando comparadas 
às áreas controle; Conclusões: O aumento na densidade e a variação na composição do 
zooplâncton sugerem que os peixes exercem controle sobre o zooplâncton local tanto em 
sua quantidade como em sua composição e que o zooplâncton também exerce controle 
sobre o fitoplâncton, porém apenas em seu aspecto quantitativo.

Palavras-chave: controle descendente, zooplâncton, lago raso, Pantanal, cascata 
trófica.
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2. Material and Methods

2.1. Study area

The Santa Rosa lake (16° 68’ 43’’ S and 
56°  46’  33’’ W), which covers an area of about 
22.5 ha, is located on the Natural Heritage Private 
Reserve of the SESC Pantanal ecological ranch 
(RPPN-SESC Pantanal) (Figure 1). The Reserve 
lies in the northern portion of the Pantanal Mato 
Grosso floodplain, about 40 km south of the town 
of Poconé, in the state of Mato Grosso, Brazil. The 
Cuiabá River is part of the drainage basin of the 
Paraguay River, thus contributing to the Prata river 
basin. Its shape is characteristic of lakes that are 
formed from ancient meandering stretches which 
are frequent in the proximities of a main river. 
During the dry season, the average concentration 
of orthophosphate is 0.020 mg.L-1, ammonium is 
0.025 mg.L-1, suspended phosphorus is 0.3 mg.L-1, 
suspended nitrogen is 0.2 mg.L-1, percentage 
of dissolved oxygen saturation during the day 
is approximately 50%, electrical conductivity is 
approximately 60 µS.cm-1, and the pH is around 
7.0 (Bleich et al., 2009).

1. Introduction

Aquatic freshwater systems have been 
exhaustively studied in terms of the type of control 
to which their communities are subjected. This 
control can be exerted by the quantity of nutrients 
and the primary production (bottom-up) or 
by predators (top-down). Identifying the type 
of control, as well as its relevance, has been the 
focus of extensive discussions to this day (Power, 
1992; Vanni et al., 1997; Pace, 1999; Silveira and 
Moulton, 2000; Benndorf et al., 2002; Fernández-
Aláez  et  al., 2004; Rejas  et  al., 2005). Most of 
the studies of these forces in lakes have involved 
temperate lakes, but little information is available 
about the subject for lakes in warmer climates 
or tropical regions (Hubble and Harper, 2000; 
Fernández-Aláez et al., 2004; Rejas et al., 2005).

Numerous studies of temperate lakes have 
revealed the existence of top-down forces, with 
emphasis on control by fish on the composition 
and abundance of zooplankton and phytoplankton 
(Gliwicz and Pijanowska, 1989; Vanni  et  al., 
1997; Lazzaro et al., 2003; Fernández-Aláez et al., 
2004). In tropical lakes, the few studies that deal 
with the subject consider bottom-up forces as the 
main determining mechanism of the community 
(Lazzaro, 1997; Pinel-Alloul  et  al., 1998). In 
fact, evidence of bottom-up control was found in 
39 reservoirs in northeastern Brazil during the 1998 
drought (Bouvy  et  al., 2000). However, recently 
revealed records of top-down control in reservoirs 
in northeastern Brazil are more correlated with fish 
trophic guilds than with their quantity of biomass 
(Lazzaro et al., 2003; Attayde and Menezes, 2008).

There is a paucity of data on the existence of top-
down or bottom-up control in the Pantanal rivers 
and lakes. Shallow lakes are known to be suitable 
to develop trophic cascades (Benndorf  et  al., 
2002). We hypothesize that tropical shallow lakes 
are subjected to trophic cascades or other sort of 
top-down effects. The main objectives of this study 
were therefore as follows: i) Determine whether 
the pelagic community of a lake in the Pantanal 
is subject to some type of control; ii) Evaluate 
the changes in the composition and density of 
the lake’s components in the absence of fish; and 
iii) Evaluate whether the abundance and size of the 
lake’s zooplankton influences the composition and 
density of its phytoplankton.

Figure 1. Pantanal of Mato Grosso location and Santa 
Rosa lagoon site (16° 68’ 43’’ S and 56° 46’ 33’’ W) in 
the proximity of Cuiabá River.
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microscope in a Sedgwick-Rafter cell. For each 
sample, we analyzed at least four 2 mL sub-sample, 
or until a total of 250 individuals had been counted 
(Pinto-Coelho, 2004). We also identified and 
quantified the phytoplanktonic algae, disregarding 
the ones that could be considered periphytic, 
analyzing five slides of deposited material in 
deposition chamber of 1.5 mL for each field sample 
or until we reached at least 100 cells of the most 
common type (Huszar and Giani, 2004). 

2.4. Statistical analysis

To evaluate the effect of the exclusion of fishes 
and of some size classes on the composition of 
zooplankton and phytoplankton, we carried out 
Repeated Measures Analyses of Variance using the 
statistic software package SYSTAT® 11.0.

3. Results

Although the parameters of the physical 
environment varied considerably between the 
sampling days, no difference was found between 
the treatments and the control.

3.1. Composition and structure of the phytoplankton

The composition of the phytoplankton 
assemblage remained approximately the same 
throughout the experiment, with most of the algae 
belonging to the phylum Cyanophyta (Figure 2).

Among the species of Cyanophyta, Microcystis sp. 
was the most abundant of all the species. The 
abundances of Chlorophyta and Bacillariophyta 
maintained similar proportions throughout the 
experiment and in all the treatments.

3.2. Density of the phytoplankton

The exclusion treatment with 200 µm mesh 
showed a significant difference in the density of 
Cyanophyta and Chlorophyta algae when compared 
to the control. There was also a difference in these 
densities over time, but no significant interaction 
between the variable time and the density by 
mesh size. The exclusion treatment with 100 µm 
mesh also generated significant differences in the 
density of these algae when compared with their 
density in the control (Figure 3a,b, Table 1). The 
density of Cyanophyta algae was greater than that 
of Chlorophyta algae by one order of magnitude, 
but both displayed a declining tendency within the 
exclusion treatments.

On l y  t h e  t a x a  Mi c r o c y s t i s  s p .  a n d 
Planktolyngbya sp. presented significantly differing 
densities between the exclusion treatments and 

2.2. Experimental design

Conducted in October 2005, the experiment 
consisted of the exclusion of fishes and of two classes 
of zooplankton sizes, using three 200 µm mesh 
mesocosms and three 100 µm mesh mesocosms 
arranged in three groups in the central part of the 
lake. The use of mesocosms made of nylon netting 
was justified to allow free access to different classes 
of zooplankton sizes and free circulation of the 
lake’s nutrients. Each group was composed of one 
mesocosm of each type and one sampling point in 
the lake itself, serving as a control area, separated 
from each other by about 5.0 m and from the other 
groups by approximately 20 m. The mesocosms 
were 2 m high, with a 2 m diameter, the bottom 
composed of the netting in question and the top 
part open, but protected by a steel grate, which 
prevented flotsam and animals from entering 
without blocking the entrance of light. All the 
mesocosms were filled naturally by the lake water, 
which flowed through the netting when the devices 
were fixed to the clayey lake bottom. This procedure 
allowed only the organisms of the desired size classes 
to enter the treatment spaces. During the period of 
the experiment, the lake presented an average depth 
of 1 m, so the mesocosms was filled with nearly 
3000 L of water.

2.3. Sampling and analysis of the samples

Each mesocosms, as well as each control area, 
was sampled at the beginning and six and nine days 
after the start of the experiment. On each sampling 
day, we collected two samples per treatment unit to 
calculate the zooplankton density and two samples 
to calculate the density of phytoplanktonic algae. 
For each treatment and on each sampling day, we 
measured the electrical conductivity (µS.cm-1), 
pH and dissolved oxygen (mg.L-1), using specific 
electrodes (WTW LF 340, Lutron DO-5510 
and Lutron pH-206, respectively), and the water 
temperature (ºC) using a thermistor coupled to a 
conductimeter.

To collect zooplankton and phytoplankton, we 
pumped 200 L of water twice for each treatment, 
and filtered the samples through 10 µm mesh. 
The total of pumped water at each sampling 
day was equivalent of approximately 13% of the 
mesocosm volume. Zooplankton samples were 
stained immediately with Bengal Rose and fixed 
in 4% formaldehyde. Phytoplankton samples were 
fixed immediately in Transeau solution (Gross and 
Pfiester, 1988). We identified and quantified the 
organisms of the zooplankton under an optical 
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Figure 2. Structure of phytoplankton assemblage during the experiment. Periphytic groups were not considered due 
to the mesocosms artificial effect over periphytic accumulation.

a b

c d

Figure 3. Algae total density Cyanophyta (a) and Chlorophyta (b) and density of the main species of Cyanophyta: 
Microsystis sp. (c), Planktolingbia sp (d) for treatments during the experiment.
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In the exclusion treatment with 200 µm mesh, 
the zooplankton composition underwent the 
greatest alterations during the experiment (Figure 4). 
The evolution of the composition of the assemblage 
during the experiment reveals a considerable 
alteration, with most of the zooplankton composed 
of Cladocera on the last two days of the experiment. 
This finding reinforces the tendency observed in 
the 100 µm mesh exclusion treatment, but with 
an augmented decrease in Rotifera and increase in 
Copepoda and Cladocera in the exclusion treatment 
with 200 µm mesh (Figure 4).

3.4. Density of zooplankton

The density of the Cladocera group increased 
significantly in the 200 µm mesh exclusion 
treatment (Table 2). In the control, the density 
of this group remained unaltered during the 
experiment and although there was a variation 
in the 100 µm treatment, it was not significant 
(Figure 5a, Table 2).

No significant difference was recorded in the 
density of the Rotifera group between the exclusion 

the control (Figure 3c,d, Table 1). The density 
of these taxa also varied significantly over time 
in both exclusion treatments (Table 1). In every 
case, there was an upward tendency followed by a 
decline in density in the exclusion treatments, with a 
consistently lower density of algae in the treatments 
with 200 µm mesh (Figure 3c,d).

3.3. Composition and structure of the zooplankton

Throughout the experiment, the zooplankton 
assemblage in the control treatment consisted 
principally of animals of the Rotifera group. In 
the exclusion treatment with 100 µm mesh, the 
proportion of Cladocera and Copepoda on start 
day of the experiment was very low compared to 
that of the control (Figure 4). This may have been 
due to the way in which the mesocosm was filled, 
filtering the water through the 100 µm mesh as 
the device was immersed in the lake. At the end of 
the experiment, the proportion of these three main 
groups of zooplankton in this treatment was very 
different from that of the control, with Rotifera and 
Cladocera showing similar proportions (Figure 4).

Table 1. Results of univariate repeated measures ANOVA to test the effect of treatment, control and time on the 
density of phytoplankton organisms.

Variable Source MS F
Effect Error

Cyanophyta 100 µm 18.58 1.32 14.06**
Time (100 µm) 28.49 1.79 15.94***
100 µm × Time 6.58 1.79 3.68

200 µm 40.89 2.20 18.74***
Time (200 µm) 25.44 1.81 14.02***
200 µm × Time 5.17 1.81 2.85

Microcystis sp. 100 µm 18.91 1.21 15.64**
Time (100 µm) 30.65 1.62 18.92***
100 µm × Time 5.55 1.62 3.43

200 µm 40.35 1.84 21.92***
Time (200 µm) 27.19 1.67 16.24***
200 µm × Time 4.25 1.67 2.54

Planktolyngbya sp. 100 µm 14.88 0.84 17.62**
Time (100 µm) 29.12 1.63 17.86
100 µm × Time 5.88 1.63 3.61

200 µm 35.12 1.72 20.42***
Time (200 µm) 26.57 1.49 17.81***
200 µm × Time 4.75 1.49 3.18

Chlorophyta 100 µm 6.49 0.53 12.21**
Time (100 µm) 15.84 0.94 16.74***
100 µm × Time 2.99 0.94 3.17

200 µm 20.58 1.43 14.41**
Time (200 µm) 10.75 0.92 11.71***
200 µm × Time 1.37 0.92 1.49

*p < 0.05; **p < 0.01; ***p < 0.001. Degrees of freedom = 1 (treatment) and 2 (time and treatment × time).
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interfere in the results. The alterations occurring 
in the abiotic variables of the lake water during the 
experiment were observed both in the mesocosms 
and in the control, and showed values considered 
natural for this time of year (Bleich et al., 2009). 
Fish were excluded by the 100 and 200 µm mesh. 
The 100 µm mesh also provided exclusion by 
size of the zooplankton, without excluding any 
particular group. The 200 µm mesh did not exclude 
zooplankton, since the taxa found during the 
experiment and in previous studies in the Santa 
Rosa Lake (Silveira, 2005, unpublished data) were 
small enough to pass through the mesh.

The exclusion by different mesh sizes showed 
similar responses. When there was no significant 
difference in the density of individuals between 
the exclusion treatment and the control, there 
was a significant difference between the exclusion 
time and the density of individuals, which is not 
uncommon when the effect of the treatment is 
time-dependent. This type of significant response 
also indicates that there was a difference between the 

treatments and the control (Figure 5b, Table 2). 
However, a significant difference in density was 
recorded in both treatments and in the control 
over time, with a significant interaction between 
time and the density of Rotifera in the 200 µm 
mesh exclusion treatment (Figure 5b, Table 2). The 
Copepoda group showed no significant difference of 
density among the exclusion treatments (Figure 5c, 
Table 2). An analysis of the main categories of 
Copepoda indicates that the density of Cyclopoida 
varied over time in both exclusion treatments 
(Figure 5d, Table 2). Calanoida density also varied 
over time in both exclusion treatments, but not 
significantly (Figure 5e, Table 2).

4. Discussion

The use of mesocosms with different mesh 
dimensions allowed for the exclusion of organisms 
bigger than 100 and 200 µm, while simultaneously 
keeping the transfer of nutrients and the water 
conditions close to the lake’s natural conditions, 
thus reducing the number of variables that could 

Figure 4. Structure of zooplankton assemblage during the experiment.
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not observe this because phytoplankton reduction 
was relative. At the end of the experiment, 
phytoplankton was not less abundant than it was 
at the beginning, but there was a marked difference 
among treatments.

In the Santa Rosa shallow lake, our results 
suggest that fish represented the main predator 
presence. The possible predation effect of fish on 
Cladocera was confirmed since the composition 
of zooplankton displayed a tendency to change 
from the predominance of Rotifera in the control 
to the predominance of Cladocera in the exclusion 
treatments. The predation of fishes on zooplankton 
can be classified as visual particulate, pump-action 
filtering and tow-net filtering (Lazzaro, 1987; Roche 
and Rocha, 2005). Visual particulate predation can 
be especially important in the structuring of the 

exclusion and the control (Scheiner and Gurvitch, 
2001). The exclusion treatment with 200 µm mesh 
showed significant reductions in the densities of 
Cyanophyta and Chlorophyta, allied to a significant 
increase in the density of Cladocera. The exclusion 
treatment with 100 µm mesh presented the same 
response, but of a lower intensity.

The results suggest the existence of a top-down 
effect of fish on the large size zooplankton elements, 
especially Cladocera, and a top-down effect of 
Cladocera on the phytoplankton. This type of 
interaction characterizes a trophic cascade (Paine, 
1966; Power, 1984, 1990; Power  et  al., 1985; 
Kneib, 1988; Strong, 1992; Silveira and Moulton, 
2000). Although the increasing of zooplankton and 
reducing of phytoplankton can lead to increasing 
in water transparency (Okun et al., 2008) we did 

Table 2. Results of univariate repeated measures ANOVA to test the effect of treatment, control and time on the 
density of zooplankton organisms. 

Variable Source MS F
Effect Error

Cladocera 100 µm 0.00 0.49 0.00
Time (100 µm) 35.60 1.05 33.92***
100 µm × Time 16.45 1.05 15.69***

200 µm 22.91 0.41 55.54***
Time (200 µm) 22.03 0.91 24.27***
200 µm × Time 7.17 0.91 7.90**

Rotifera 100 µm 0.17 0.89 0.19
Time (100 µm) 23.13 0.69 33.54***
100 µm × Time 1.06 0.69 1.54

200 µm 0.58 0.38 1.53
Time (200 µm) 18.69 0.23 78.80***
200 µm × Time 2.27 0.23 9.60**

Copepoda total 100 µm 0.92 0.51 1.79
Time (100 µm) 16.65 1.23 13.54**
100 µm × Time 3.42 1.23 2.78

200 µm 2.41 0.41 5.89*
Time (200 µm) 6.72 0.70 9.61***
200 µm × Time 0.52 0.70 0.75

Cyclopoida 100 µm 1.76 0.64 2.73
Time (100 µm) 7.72 1.13 6.85**
100 µm × Time 0.93 1.13 0.82

200 µm 0.27 0.53 0.50
Time (200 µm) 2.00 1.01 1.98
200 µm × Time 1.69 1.01 1.67

Calanoida 100 µm 1.01 0.89 1.13
Time (100 µm) 29.22 1.60 18.23***
100 µm × Time 11.55 1.60 7.20**

200 µm 0.39 1.31 0.29
Time (200 µm) 8.28 1.77 4.66*
200 µm × Time 1.98 1.77 1.12

*p < 0.05; **p < 0.01; ***p < 0.001. Degrees of freedom = 1 (treatment) and 2 (time and treatment × time).
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Copepoda consisted of nauplii, whose ingestion rate 
is lower than that of adults. This reinforces the idea 
that the effect of zooplankton on phytoplankton is 
produced mainly by Cladocera.

The Rotifera group predominated in the 
composition of the community in the control and 
its density showed a tendency to increase naturally 
in the control during the period of the experiment. 
The exclusion treatments generated no marked 
variations in the density of most of the Rotifera.

Few studies have demonstrated the existence 
of top-down forces in tropical lakes (Hubble 
and Harper, 2000; Rejas  et  al., 2005). Most of 

zooplankton assemblage because it affects mainly 
large organisms (Tucker and Woolpy, 1984; Lazzaro, 
1987; Gliwicz and Pijanowska, 1989; Arcifa et al., 
1991; Nassal  et  al., 1998; Branstator and Holl, 
2000).

Sommer  et  al. (2001) point out that the 
combined effect of Cladocera and Copepoda may 
reduce the phytoplankton biomass in situations in 
which the individual effect of either one or the other 
would not do so. In our experiment we were unable 
to determine whether the effect of zooplankton on 
phytoplankton was a combined action of Cladocera 
and Copepoda. However, the quantity of Cladocera 
was higher than that of Copepoda and most of the 

a b

c d

e

Figure 5. Zooplankton total density, Cladocera (a), Rotifera (b) and Copepoda (c) and the principal categories of 
Copepoda: Cyclopoida (d) and Calanoida (e) for treatments during the experiment.
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