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Abstract
The aim of our study was to assess whether cyanotoxins (microcystins) can affect the composition of the zooplankton 
community, leading to domination of microzooplankton forms (protozoans and rotifers). Temporal variations in 
concentrations of microcystins and zooplankton biomass were analyzed in three eutrophic reservoirs in the semi-arid 
northeast region of Brazil. The concentration of microcystins in water proved to be correlated with the cyanobacterial 
biovolume, indicating the contributions from colonial forms such as Microcystis in the production of cyanotoxins. 
At the community level, the total biomass of zooplankton was not correlated with the concentration of microcystin 
(r2 = 0.00; P > 0.001), but in a population-level analysis, the biomass of rotifers and cladocerans showed a weak 
positive correlation. Cyclopoid copepods, which are considered to be relatively inefficient in ingesting cyanobacteria, 
were negatively correlated (r2 = – 0.01; P > 0.01) with the concentration of cyanotoxins. Surprisingly, the biomass 
of calanoid copepods was positively correlated with the microcystin concentration (r2 = 0.44; P > 0.001). The results 
indicate that allelopathic control mechanisms (negative effects of microcystin on zooplankton biomass) do not seem 
to substantially affect the composition of mesozooplankton, which showed a constant and high biomass compared to 
the microzooplankton (rotifers). These results may be important to better understand the trophic interactions between 
zooplankton and cyanobacteria and the potential effects of allelopathic compounds on zooplankton.

Keywords: cyanotoxins, microcystin, zooplankton, composition, reservoirs, tropical.

Microcistinas podem afetar a estrutura da comunidade zooplanctônica em 
reservatórios eutróficos tropicais?

Resumo
Com o objetivo de avaliar se as cianotoxinas (microcistinas) podem afetar a composição da comunidade zooplanctônica, 
levando à dominância de formas microzooplanctônicas (protozoários e rotiferos), as variações nas concentrações de 
microcistina e a biomassa do zooplâncton foram analisadas em três reservatórios eutróficos na região semi-árida do 
nordeste brasileiro. A concentração de microcistinas na água esteve correlacionada com o biovolume de cianobactérias, 
indicando a contribuição de formas coloniais como Microcystis na produção de cianotoxinas. A nível de comunidade, a 
biomassa total do zooplâncton não apresentou correlacão com a concentração de microcistina (r2 = 0.00; P > 0.001), mas 
em uma análise a nível de populações, a biomassa de rotíferos e cladóceros apresentou uma fraca correlação positiva. 
Copépodos Cyclopoida, os quais são considerados relativamente ineficientes na ingestão de cianobactérias, estiveram 
negativamente correlacionados com a concentração de microcistinas (r2 = - 0.01; P > 0.01). Surpreendentemente, a 
biomassa de copépodos Calanoida foi positivamente correlacionada com a concentração de cianotoxinas (r2 = 0.44; 
P > 0.001). Os resultados indicam que mecanismos de controle alelopáticos (efeitos negativos da microcistina sobre 
o zooplâncton) parecem não afetar substancialmente a composição do mesozooplâncton, que apresentou uma alta 
e constante biomassa, quando comparada à biomassa do microzooplâncton (rotíferos). Esses resultados podem ser 
importantes para um melhor entendimento das interações tróficas entre o zooplâncton e cianobactérias, e do efeito 
potencial de compostos alelopáticos sobre o zooplâncton.

Palavras-chave: cianotoxinas, microcistina, zooplâncton, composição, reservatórios, tropical.
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1. Introduction

Cyanobacteria are a group of prokaryotic microorganisms 
that reach high levels of biomass and density when they 
bloom in eutrophic environments (Paerl and Huisman, 
2008). One of the reasons suggested to explain this 
dominance is that morphological and chemical defenses 
can negatively affect zooplanktonic herbivores (Carmichael, 
1992; Chan et al., 2004; Camacho and Thacker, 2006).

Some of the allelopathic compounds (especially 
cyanotoxins) have shown inhibitory effects on herbivorous 
zooplankton (Gliwicz, 1990; Leflaive and Ten-Hage, 
2006; Alva-Martinez et al., 2007). The sensitivity to toxic 
cyanobacteria may vary among zooplankton species and 
is a function of the capacity to ingest and digest single 
cells, colonies, or filaments (Ferrão-Filho and Azevedo, 
2003), or of the susceptibility to dissolved and cell-bound 
toxins (De Mott et al., 1991).

One of the most common cyanotoxins found in 
eutrophic systems is microcystin, a hepatotoxin produced 
by certain genera of cyanobacteria such as Microcystis, 
Anabaena, Oscillatoria and Nostoc. The majority of studies 
on the effects of cyanobacteria on the structure of the 
zooplankton community have yielded conflicting results, 
but in general, they suggest that in systems dominated by 
cyanobacteria, the zooplankton community is dominated 
by small cladocerans and rotifers, in response to the toxic 
effects of the cyanotoxins, difficulties in ingesting cells, and 
nutritional deficiency of the food source (Ferrão‑Filho et al., 
2000; Hansson et al., 2007).

In some eutrophic reservoirs of the semi arid region 
of Brazil (state of Rio Grande do Norte), the zooplankton 
community is dominated by the microzooplankton during 
certain periods of the year (Eskinazi-Sant’Anna et al., 2013). 
Nevertheless, calanoid copepods also show a high and 
constant biomass, and in some reservoirs can constitute the 
dominant mesozooplankton fraction (Sousa et al., 2008).

To investigate if the presence of cyanotoxins has some 
negative effect on the mesozooplankton biomass, we 
evaluated the seasonal concentration of microcystins and 
the zooplankton biomass in three eutrophic reservoirs in the 
Brazilian semi-arid northeast region. We hypothesized that 
new conceptual frameworks of zooplankton-cyanobacteria 
interactions may be able to be established on the basis of 
this study, especially considering that our knowledge of 
this trophic link is based mainly on the results of laboratory 
experiments or in situ observations, with the cladoceran 
Daphnia as a model, and these cladocerans are in general less 
abundant in tropical reservoirs. Understanding of the role 
of natural chemical warfare in structuring mesozooplankton 
in tropical eutrophic ecosystems could potentially allow 
generation of new models of zooplankton-cyanobacteria 
interactions.

2. Material and Methods
2.1. Study area

The study was carried out in the Itans (IT), Passagem 
das Traíras (PST) and Gargalheiras (GAR) reservoirs, all 
of which are located in the Seridó region of the state of 
Rio Grande do Norte (Figure 1).

Figure 1. Location of the study area, and of the Gargalheiras, Itans and Passagem das Traíras Reservoirs (Rio Grande do 
Norte State, Northeast Brazil).
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IT (06°41’31”S; 36°37’55”W) and PST (06°30’41”S and 
36°54’51”W) are shallow, medium-sized reservoirs (IT has 
a surface area of 1.340 ha, average depth of 6.10 m and a 
maximum depth of 23 m; PST has an area of 1.005 ha and 
average depth of 4.68 m). IT and PST are reservoirs that 
support recreational and fishing activities and are impacted 
by domestic and agricultural uses in their watersheds. As a 
consequence, they are undergoing intense eutrophication, 
mainly due to diffuse nutrient loading from soil erosion and 
agricultural and urban runoff. Hypereutrophic conditions 
have been reported in the reservoirs, and algal biomass 
(Chl a) can exceed 400 μg L–1 (Costa et al., 2006). Among 
the dominant species of cyanobacteria are Microcystis 
protocystis Crow 1923, M. aeruginosa (Kützing) Kützing 
1846, M. panniformis Komárek et al. 2002, Geitlerinema 
unigranulatum (R.N.Singh) Komárek et Azevedo 2000, 
Anabaena circinalis Rabenhorst 1863 and Sphaerocavum 
brasiliensis Azevedo et Sant’Anna 2003 (Panosso et al., 2003).

GAR (06°26’11”S; 36°36’17”W) is the smallest (780 ha) 
reservoir, and is also shallow (5.13 m average depth) and 
eutrophic. The phytoplankton biomass can surpass 300 μg L–1 
and biovolume is usually high (> 100 mm3 L–1), with the 
occurrence of sporadic toxic blooms of Microcystis protocystis, 
M. aeruginosa, Cylindrospermopsis raciborskii, Anabaena 
delicatissima and Planktothrix agardhii (Costa et al., 2009).

Detailed description of the zooplankton community in 
GAR, IT and PST reservoirs can be found in Sousa et al., 
(2008) and Eskinazi-Sant’Anna et al., (2013).

2.2. Plankton sampling, analysis and microcystin 
extraction

The sampling was carried out in the months of 
February, August and November 2008, March and May 
2009 (during dry, inter-seasonal and rainy periods), during 
three consecutive days in each reservoir. Water transparency 
was measured with a Secchi disk. Water samples were 
obtained through a Van Dorn bottle at a central station of 
the reservoir (near the dam). During the sampling period, 
the average depth in the reservoirs was of 4.98 m (GAR), 
5.7 m (IT) and 4.55 m (PST). From each water column 
depth (surface, middle and bottom layers), 10 L of water 
was collected and integrated in a bucket, totalizing 30 L of 
water sample, which was used to measure phytoplankton 
and chlorophyll a. The choice of the sampling station was 
based on the findings of Costa et al., (2009), who described 
the permanent occurrence of cyanobacterial blooms in the 
central area of the studied reservoirs.

Concentrations of chlorophyll a were determined with 
a Turner TD 700 fluorometer after filtration of the water 
through fiberglass filters (Whatman 934-AH) and extraction 
of the pigments with ethanol at room temperature for 
approximately 24h (Jespersen and Christoffersen, 1988). 
For the phytoplankton analysis, water samples (250 mL) 
were preserved in acetic lugol, and counted with the aid of an 
inverted microscope (Lund et al., 1958). The phytoplankton 
biovolume was calculated based on geometric models, using 
the mean dimensions of 25 individuals of the most abundant 
species (Hillebrand et al., 1999). Taxonomic identification 
of the phytoplankton was done using specific literature, such 
as Prescott and Vinyard (1982), Komárek and Anagnostidis 

(2000), Komárek and Kronberg (2001) and Komárek and 
Anagnostidis (2005).

For the detection of the cyanotoxin (microcystins) in 
the water, seston samples were obtained by horizontal tows 
with a net of 20 µm mesh size equipped with a flowmeter 
for water volume estimates. Total intracellular microcystins 
were analyzed through ELISA kit (Enzyme-Linked Immune 
Assay, Envirologix®) method. The extraction was done by 
freezing and thawing cycles repeated at least 3 times. Next, 
the samples were sonicated in a processor (5 min), and filtered 
on a glass membrane filter (type GF/C). The samples were 
centrifuged for 20 min at 6000 rpm and the supernatant 
was analyzed. The absorbance of the samples was then 
determined spectrophotometrically at 450 and 630 nm. 
Concentration of microcystin in the water (µg.L–1) was 
obtained by multiplying the values for the volume of water 
filtered by the plankton net.

Samples for zooplankton analysis were obtained in 
horizontal tows, using a plankton net with 68 µm mesh 
equipped with a fluxometer. Before fixation in 4% formol, 
carbonated water was added to prevent the organisms from 
contracting. For the determination of mesozooplankton density 
(Cladocera and Copepoda), three 5-mL replicates from the 
sample were analyzed under a stereoscopic microscope in 
a Bogorov chamber. For rotifers, five 3-mL replicates were 
analyzed microscopically in a Sedgwick‑Rafter chamber 
with zooplankton identified to the lowest possible taxonomic 
resolution, using specific literature such as Shiel (1995), 
Elmoor-Loureiro (1997), Silva and Matsumura-Tundisi (2005).

To estimate the biomass of zooplankton organisms, 
at least 20 individuals for the most abundant species 
(those that comprised at least 5% of the total zooplankton 
community) and at least 10 individuals for the rare species 
(those that comprised less than 5% of the total zooplankton 
community) were measured under an optical microscope 
(with a graduated ocular). The biomass of rotifers was 
calculated based on their geometric shapes, and converted 
from volume to weight considering 106 µm3 equivalent 
to 1 µg (Ruttner-Kolisko, 1977). For the calculation of 
cladoceran and copepod biomass, the regression equation 
according to Edmondson and Winberg (1971) was used, 
obtained from the relationship between dry weight and 
length of the individuals (Equation 1):

W = a Lb	    (1)

Where:

-	W is the dry weight (µg);

-	a and b are constants obtained from the model for 
the length-weight regression; The constants were 
obtained from the literature, and derived from 
tropical freshwater zooplankton species, using the 
data provided by Bottrel et al. (1976), Saint-Jean and 
Bonou (1994), Bouvy et al. (2001) and Brito et al. 
(2013).

-	L is the length (mm).
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The dry weight and the data for density were used to 
estimate the biomass (µg dry weight per m3 - µg DW/m3).

2.3. Statistical analysis
To test the differences in the microcystin concentration 

between reservoirs and months, we performed a bifactorial 
ANOVA followed by Tukey HSD (Honestly Significant 
Difference) test. The data were transformed to natural 
logarithms to satisfy the premises of homogeneity of 
variances and normality of the analyses. Linear regressions 
were used to evaluate the influence of the cyanobacteria 
and the cyanotoxin (microcystin) on the biomass of the 
zooplankton groups. All values for correlation were log 
(x + 1) transformed prior to analyses to meet normality and 
homogeneity of variance assumptions. The significance of 
the correlations was tested using Student’s t-test.

3. Results

Water transparency was reduced in all the reservoirs, 
with the lowest value recorded in IT reservoir (0.77 m), and 
the maximum of 1.13 m in PST reservoir. High levels of 
algal biomass (Chl a) were observed in all three reservoirs, 
with minimum of 23.6 µg.L–1 in PST and surpassing 
60 µg.L–1 in GAR reservoir. Cyanobacterial biovolume 
exceeded 19 mm3.L–1 in IT, decreasing in values in GAR 
and PST reservoirs (8.30 and 2.37 mm3.L–1, respectively) 
(ANOVA, Tukey test, ∝ = 0.05) (Table 1).

Five phytoplankton taxonomic classes (Cyanobacteria, 
Diatomaceae, Chlorophyceae, Euglenophyceae and 
Cryptophyceae) totaling 28 taxa were found in the 
reservoirs. The majority of them were cyanobacteria, which 
comprised more than 70% of the total phytoplankton, 
especially Microcystis aeruginosa (Kützing) Kützing 1846, 
Cylindrospermopsis raciborskii Woloszynska) Seenayya 
et Subba Raju 1972, Anabaena planktonica (Brunnthaler) 
Komárek 1958, Aphanizomenon manguinii Bourrelly 
1952 and Planktothrix agardii Anagnostidis et Komárek 
1988 (Figure 2a, b).

The concentration of microcystin showed wide temporal 
variation, in bimodal pattern. Peaks of microcystin occurred 
in all the reservoirs: one in August (end of rainy season), 
one in November (dry season) and another in May (end of 
dry season). It was not very clear the occurrence of a 
seasonal variation of microcystin, but in general, highest 
values were observed during dry season. Microcystin values 
ranged from 0.13 μg.L–1 (IT February 2008) to 5.26 μg.L–1 
(IT, August 2008) (Figure 3). Microcystin concentration 

was slightly higher in Gargalheiras Reservoir (ANOVA, 
P< 0.05), averaging 2.33 μg.L–1, while in IT and PST 
microcystin averaged 1.99 μg.L–1 and 1.95 μg.L–1 respectively. 
There was a clear positive relationship (r = 0.59; n = 41; 
P < 0.05) between the concentration of microcystin and 
the biovolume of cyanobacteria, indicating the influence 
of the cyanobacterium Microcystis spp. in the production 
of algal toxins; this species accounted for up to 70% of 
total phytoplankton biomass (Figure 2a, b and Figure 4).

The biomass of rotifers and calanoid copepods 
(Notodiaptomus spp.) was high and relatively constant 
in all reservoirs, but especially at IT and PST reservoirs 
(Table 2). The calanoid copepod biomass was particularly 
high in PST Reservoir, especially in August, slightly 
exceeding 350.000 μg.DW.m–3. Cladocerans (especially 
Diaphanosoma spinulosum Herbst 1975 and Moina minuta 
Hansen 1899), contributed very little to zooplankton biomass, 
principally in GAR and IT Reservoirs (Table 2). The highest 
zooplankton biomass was observed in PST Reservoir in 
22/August 2008 (> 600.00 μg.DW.m–3) (Figure 3).

Relating the microcystin concentration to the total 
biomass of zooplankton for all reservoirs combined did 
not reveal any clear trend (r = 0.01; P > 0.05; t-test) 
(Figure 5a). However, when analyzed at the populations 
level, rotifers and cladocerans showed a weak positive 
response to microcystin (r2 = 0.29; P < 0.001 and r2 = 0.23; 
P < 0.05) (Figure 5b, c). The responses of the cladoceran 
species confirmed positive tendencies for a relationship 
to microcystin, especially for Diaphanosoma spinulosum 
(Gargalheiras Reservoir: r = 0.53; P < 0.001; Itans 
Reservoir: r = 0.52; P > 0.05) and the small cladoceran 
(< 200 mm), Moina minuta (Gargalheiras Reservoir: 
r = 0.65; P <0.001; Itans Reservoir: r = 0.66; P < 0.05; 
PST Reservoir: r = 0.13; P < 0.05). For rotifers, negative 
relationships were observed for Brachionus calyciflorus 
Pallas 1766 in Gargalheiras (r = –0.43; P < 0.05) and Itans 
reservoir (r = –0.31; P < 0.05), Conochilus sp. (r = –0.36; 
P < 0.001 in Gargalheiras; r = –0.79; P < 0.01 in Itans and 
r = –0.35; P = 0.00 in PST reservoir) and Hexarthra sp. 
(r = –0.56; P = 0.00 in Itans and r = –0.56; P = 0.02 in 
PST reservoir) (Table 3).

With respect to the different orders, calanoid copepods 
showed a positive response to microcystin (r2 = 0.43; 
P > 0.001; Figure 5d), whereas small copepods (cyclopoids) 
showed no response, or a weakly negative response to 
microcystin (r2 = – 0.01; P > 0.001; Figure 5e).

Table 1. Water transparency (m), Chlorophyll a (µg.L–1) and Cyanobacterial biomass (mm3.L–1) (mean and standard 
desviation) in Gargalheiras (GAR), Itans (IT) and Passagem das Trairas (PST) Reservoirs, during the studied period.

Variables
Itans PST Gargalheiras ANOVA Tukey test

Mean SD Mean SD Mean SD P ∝ = 0.05
Water transparency (m) 0.77 0.21 1.13 0.15 1.00 0.21 0.001 I<P=G
Chlorophyll a (μg.L–1) 55.41 18.61 23.62 16.00 68.55 24.95 0.001 P<I=G
Cyanobacterial biomass 
(mm3.L–1)

19.72 26.88 2.37 3.34 8.30 3.34 0.010 I>P=G
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4. Discussion

In general, the studies that describe the trophic 
interactions between cyanobacteria and zooplankton suggest 
that herbivores such as Daphnia and calanoid copepods are 
nutritionally disadvantaged when cyanobacterial blooms 
occurs, as a result of high density of algae cells, size, 

nutritional quality and toxin production (Porter and Orcutt, 
1980; Lürling, 2003; Sarnelle et al., 2010; O’Farrell et al., 
2012; Chislock et  al., 2013). The understanding of the 
processes that regulate this trophic link is fundamental 
to allow the prediction of the events in a trophic cascade 
and for the establishment of mechanisms to control algal 
blooms, particularly for the selection of natural agents 

Figure 2. Phytoplankton relative abundance (%) and Cyanobacteria composition (%) in IT, PST and GAR Reservoirs from 
February 2008 to May 2009.
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that make it possible to efficiently remove these cells 
from the water.

Commonly, zooplankton shows a strong negative 
response to the presence of cyanotoxins, which may be 

more or less significant, depending on the taxonomic 
group. In our study, calanoid copepods showed a significant 
positive response to the concentration of microcystin, 
in contrast to reports that indicate that the density and 

Figure 3. Microcystin concentration (µg.L–1) and biomass (µg.DW.m–3) of the major zooplankton groups in Gargalheiras, 
Itans and Passagem das Traíras Reservoirs, from February 2008 to May 2009.
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biomass of these herbivores is reduced as algal blooms 
become established (Sarnelle, 1993; DeMott et al., 1991; 
Hansson et al., 2007). One of the mechanisms that would 
explain this reduction in the biomass of these herbivores 
could be the strong feeding limitation associated with the 
high abundance of the cyanobacteria and the production 
of cyanotoxins.

In the reservoirs studied here, under the effect of 
a moderate concentration of cyanotoxins (<10 ug.L–1), 
continuously high biomass of calanoid copepods was 
observed. The occurrence of calanoid copepods in eutrophic 
environments has been associated with an increase in 
food availability (Ferrão-Filho  et  al., 2002), and their 
dominance in environments dominated by cyanobacteria 
blooms has attracted the interest of researchers, who have 
attempted to determine whether or not they are capable 
of using cyanobacteria as a food source (de Bernardi and 

Figure 4. Relationship between total cyanobacterial 
biovolume (log; µm3.L–1) and microcystin concentration 
(log; µg.L–1) (r2 = 0.53; n = 35; P < 0.05).

Figure 5. The relationships between microcystin concentration (log; µg.L–1) and total zooplankton biomass (log; µg.DW.m-3) 
(A: r2 = 0.00; P > 0.05;) and major zooplanktonic groups biomass (log; µg.DW.m–3) at class level rotifers (B: r2 = 0.29; 
P < 0.001), cladocerans (C: r2 = 0.23; P < 0.05), Calanoid copepods (D: r2 = 0.43; P < 0.001;) and Cyclopoids (E: r2 = – 0.01; 
P > 0.001). Correlations are based on biomass data >0 and given as Pearson’s r.
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Giussani, 1990). Panosso  et  al. (2003) demonstrated, 
by means of experimental studies, that Notodiaptomus 
iheringi (Wright S. 1935) is capable of utilizing small 
colonies and filaments of cyanobacteria as a food source. 
The ability to utilize this food resource also may be 
favored in environments where the abundance of other 
food resources such as chlorophyceans and diatoms is 
reduced (Work and Havens, 2003).

The effects of cyanobacteria on zooplankton communities 
may also be influenced by evolutionary mechanisms in 
natural systems that have a long history of cyanobacterial 
blooms (Gilbert, 1990; Gustafsson and Hansson, 2004). 
Populations of zooplankton that co-occur with dense 

cyanobacterial populations may be better able to digest 
cyanobacteria than are unexposed zooplankton (Sarnelle 
and Wilson, 2005). The studied reservoirs (GAR, IT 
and PST) are characterized as eutrophic, with records of 
continuous cyanobacterial blooms, which could explain 
the maintenance of high biomass of calanoid copepods 
despite high concentrations of cyanotoxins.

In addition to the calanoid copepods, the microzooplankton, 
represented by rotifers, also showed a high biomass and 
a weak positive correlation with cyanotoxins. Although 
negative effects on rotifers have been recorded in systems 
dominated by cyanobacteria, contributing to a significant 
suppression of the rotifer biomass (Nandini and Rao, 1998), 

Table 2. Correlations values (Pearson’s r) to species level of zooplankton biomass (µg.DW.m–3) and microcystin (µg.L–1).

Zooplankton Taxa Reservoirs
Gargalheiras Itans Passagem das Traíras

ROTIFERA r2 = 0.00; n = 9; P > 0.05 r2 = 0.00; n = 14; P = 0.00 r2 = 0.21; n = 15; P <0.05
Brachionus calyciflorus r2 = 0.18; n = 4; P < 0.05 r2 = 0.10; n = 11; P > 0.05 r2 = 0.56; n = 7; P <0.05
Conochylus sp. r2 = 0.22; n = 4; P = 0.00 r2 = 0.75; n = 7; P < 0.05 r2 = 0.17; n = 6; P <0.05
Filinia sp. (F. opoliensis 
+ F. longiseta)

r2 = 0.50; n = 4; P < 0.001 r2 = 0.57; n = 6; P < 0.01 r2 = 0.11; n = 5; P <0.01

Hexarthra sp. r2 = 0.30; n = 15; P < 0.01 r2 = 0.49; n = 4; P < 0.05 r2 = 0.30; n = 11; P = 0.02
CLADOCERA r2 = 0.32; n = 5; P < 0.05 r2= 0.57; n = 16; P < 0.05 r2 = 0.11; n = 15; P <0.01
Ceriodaphnia cornuta r2 = 0.44; n = 5; P < 0.001 r2 = 0.43; n = 12; P <0.01 r2 = 0.02; n = 14; P = 0.00
Diaphanosoma 
spinulosum

r2 = 0.05; n = 6; P = 0.00 r2 = 0.50; n = 11; P <0.01 r2 = 0.02; n = 14; P = 0.00

Moina minuta r2 = 0.15; n = 5; P > 0.05 r2= 0.55; n = 12; P <0.01 r2 = 0.20; n = 12; P <0.05
COPEPODA (Calanoid) r2 = 0.05; n = 11; P >0.05 r2= 0.00; n = 14; P > 0.05 r2 = 0.05; n = 13; P = 0.00
COPEPODA 
(Cyclopoid)

r2 = 0.00; n = 11; P = 0.00 r2 = 0.02; n = 14; P = 0.00 r2 = 0.25; n = 15; P > 0.05

ZOOPLANKTON 
TOTAL

r2 = 0.02; n =11; P = 0.00 r2 = 0.66; n = 14; P <0.05 r2 = 0.00; n = 15; P = 0.00

Table 3. Correlations values (Pearson’s r) to most abundant taxa of zooplankton biomass (µg.DW.m–3) and microcystin 
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Zooplankton Taxa Reservoirs
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Filinia sp. (F. opoliensis 
+ F. terminalis)

r2 = 0.50; n = 4; P < 0.001 r2 = 0.57; n = 6; P < 0.01 r2 = 0.11; n = 5; P <0.01

Hexarthra sp. r2 = 0.30; n = 15; P < 0.01 r2 = 0.49; n = 4; P < 0.05 r2 = 0.30; n = 11; P = 0.02
CLADOCERA r2 = 0.32; n = 5; P < 0.05 r2= 0.57; n = 16; P < 0.05 r2 = 0.11; n = 15; P <0.01
Ceriodaphnia cornuta r2 = 0.44; n = 5; P < 0.001 r2 = 0.43; n = 12; P <0.01 r2 = 0.02; n = 14; P = 0.00
Diaphanosoma 
spinulosum

r2 = 0.05; n = 6; P = 0.00 r2 = 0.50; n = 11; P <0.01 r2 = 0.02; n = 14; P = 0.00

Moina minuta r2 = 0.15; n = 5; P > 0.05 r2= 0.55; n = 12; P <0.01 r2 = 0.20; n = 12; P <0.05
COPEPODA (Calanoid) r2 = 0.05; n = 11; P >0.05 r2= 0.00; n = 14; P > 0.05 r2 = 0.05; n = 13; P = 0.00
COPEPODA 
(Cyclopoid)

r2 = 0.00; n = 11; P = 0.00 r2 = 0.02; n = 14; P = 0.00 r2 = 0.25; n = 15; P > 0.05

ZOOPLANKTON 
TOTAL

r2 = 0.02; n =11; P = 0.00 r2 = 0.66; n = 14; P <0.05 r2 = 0.00; n = 15; P = 0.00
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experimental studies in tropical systems have recorded that 
rotifers (mainly Brachionus) can show high abundances 
in conditions of dominance of Cylindrospermopsis, but 
can be profoundly affected in situations of dominance of 
Microcystis, making difficult the search for generalized 
patterns for microzooplankton trophic interactions with 
cyanobacteria (Soares et al., 2010).

Cladocerans appear to be harmed the most by 
cyanobacterial blooms (Hansson  et  al., 2007), because 
they can be affected as much by the toxic effect of the 
cyanotoxins as by the clogging of the buccal apparatus by 
large algal colonies (Fernandez et al., 2012). Cyanobacteria 
are commonly believed to strongly inhibit large cladocerans 
and thus improve the competitive ability of small-bodied 
cladocerans (Sun et al., 2012). Guo and Xie (2006) found 
that small-bodied cladocerans develop some tolerance to 
toxic strains of cyanobacteria, while Davis and Gobler 
(2011) observed in a lake with cyanobacteria blooms, 
extremely small numbers of large-bodied cladocerans 
such as Daphnia and larger numbers of small cladocerans 
(Bosmina and Moina) that were capable of consuming toxic 
as well as non-toxic strains of cyanobacteria. Our results 
suggest that in conditions of eutrophy and frequent 
cyanobacterial blooms, smaller and medium-sized species 
of cladocerans such as Moina minuta (usually < 1.3 mm) 
and Diaphanosoma spinulosum (< 1.5 mm), succeed in 
being less negatively influenced by the cyanobacteria, and 
maintain a high and constant biomass. This result could 
indicate an ability of these small cladocerans to exploit 
additional food resources available in organically enriched 
systems. Bacteria can represent an important food source for 
cladocerans in eutrophic lakes (Agasild and Nõges, 2005), 
and decomposed Microcystis can also be effectively used 
by cladocerans as a source of food (Chen and Xie, 2003).

An important factor that can increase the abundance 
of smaller forms of zooplankton in eutrophic systems may 
be the effect of selective predation by planktophagous fish. 
Although this information was not included in the present 
study, previous reports (Attayde et al., 2007) showed that 
the Nile tilapia (Oreochromis niloticus Linnaeus, 1758), 
which is present in all the reservoirs studied, can have a 
strong negative effect not only directly on the zooplankton 
abundance but also indirectly, in affecting the recruitment 
of other planktophagous fishes that orient visually to locate 
and capture their prey. These effects can favor, and explain 
the maintenance, of the high biomass of large herbivores 
such as the calanoid copepods in these reservoirs.

The results obtained in the present study suggest that 
the presence of microcystins does not have a large influence 
on the reduction of zooplankton biomass in tropical, 
eutrophic reservoirs. Studies considering the possibility of 
the formation of genotypes that are resistant to microcystin 
and on the feeding behavior of these metazoans should 
be undertaken to elucidate this question. These responses 
can provide important information about the future use of 
biomanipulation for the control of algal blooms in eutrophic 
reservoirs of the semi-arid zone of the Brazilian northeast, 
and add new trophic routes to the complex interaction 
between zooplankton and cyanobacteria.
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