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Abstract: Fish farming in net cages is considered as an alternative to food production 
in response to elevated population growth, and zooplankton is an important resource 
to the development of this economic activity. We (i) compared microcrustacean 
composition in eutrophic and oligotrophic habitats under net tank infl uence, (ii) 
investigated changes in species distributions in these habitats, and (iii) indicated which 
chlorophyll-a concentrations presented thresholds that alter community structure. We 
expected different responses of species to changes in chlorophyll-a concentration due 
to net cage management, as chlorophyll-a represents an estimate of food availability. 
Microcrustacean samplings and chlorophyll-a estimation were made upstream, 
downstream and close to the net cages, during 120 days, in the Rosana Reservoir 
(Brazil). Species composition differed signifi cantly (p<0.05) among habitats where in the 
eutrophic environment was found the largest number of species. However, only in the 
eutrophic habitats did frequency of occurrence and relative abundance of some species 
change with chlorophyll-a variation. Thus, net cage management infl uenced species 
distribution only in the most productive habitat. These responses can affect ecosystem 
processes related to trophic dynamics as secondary productivity and nutrient cycling.

Key words: zooplankton, primary productivity, trophy reservoir, anthropic activity.

INTRODUCTION

Net cage fi sh farming in reservoirs is considered 
as a promising alternative to meet the increasing 
need for food of the world population (Alves 
& Baccarin 2005, Dias et al. 2011, Tiburcio et al. 
2015). The increase of this activity is related 
to the exploitation of available reservoirs and 
lakes, high effi ciency in management, readiness 
of fi sh removal and continuous water fl ow that 
would theoretically improve the water quality 
inside the cages and reduce the production 
costs (Cyrino & Kubtiza 1996, Furlaneto et al. 
2006, Halwart et al. 2007).

Nonetheless, studies have pointed that this 
activity causes various impacts that may lead to 
environmental degradation in the ecosystems 
where they are implanted due to increased 
productivity (Santos et al. 2009, Borges et al. 
2010, Dias et al. 2011, Tiburcio et al. 2015). Fish 
farming employs a considerable volume of 
food input to fi sh production in reduced space 
and at high density, with consequent release 
of food remains and metabolites directly 
in the environment. This characterizes fish 
farming as a potential source of environmental 
impact (Beveridge 2004). Changes in nutrient 
loads in these systems due to food input 
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alter phytoplankton composition and cause 
increasing issues in these environments (Chorus 
& Bartram 1999, Codd et al. 2005, Borges et al. 
2010, Simões et al. 2015).

Among the aquatic communities, plankton 
microcrustaceans (cladocerans and copepods) 
may be influenced by chlorophyll-a concentration 
and act as an indicator or substitute group 
for these conditions (Mantovano et al. 2019) 
in environments with fish net cages. These 
organisms play important functional roles in 
aquatic ecosystems (Lemke & Benke 2009) as 
they consume small algae and, when predated, 
transfer this energy to superior trophic levels 
(Lemke & Benke 2009). Furthermore, due 
to variation in feeding habits (carnivores, 
omnivores and herbivores) (Tõnno et al. 
2016), they reflect responses to environmental 
variation as changes in quality and density of 
available resources (Perbiche-Neves et al. 2016).

In this context, a group of species may be 
used as an indicator or substitute of other in 
an ecosystem, due to variation in chlorophyll-a 
concentration (Schwind et al. 2017, Mantovano 
et al. 2019). Different studies demonstrated 
threshold responses of species to limiting 
factors (Cao et al. 2016, Schwind et al. 2019, 
Mantovano et al. 2019). Ecological thresholds are 
tools used to capture changes in attributes of 
biological communities along an environmental 
gradient (Baker & King 2010).

Admitting that threshold prediction brings 
benefits to ecosystem services and goods 
(Martin et al. 2009) and that the identification 
of potential thresholds is an important aspect 
to the management of ecological systems, we 
aimed to i) compare microcrustacean species 
composition (cladocerans and copepods) in 
eutrophic and oligotrophic habitats under 
net tank influence in a neotropical reservoir, 
(ii) determine changes in frequency of 
occurrence and relative abundance of species 

that occur in these habitats, and (iii) evaluate 
how chlorophyll-a concentration presents 
thresholds that alter community structure for 
these microcrustaceans. We expected different 
responses of these organisms to changes 
in phytoplankton biomass, estimated by 
chlorophyll-a concentration, once these algae 
are one of their main resources. Thus, we expect 
that species will present different distribution 
thresholds in both habitats.

MATERIALS AND METHODS
Study area
Samples were collected between April and 
August 2006 in the Rosana Reservoir (22 ° 36, 
S, 52 ° 49 ‘W) located in the lower section of 
the Paranapanema River (Fig. 1), inserted in 
the border between the states of São Paulo 
and Paraná, Brazil. Because this is the last dam 
in a reservoir cascade, it presents high water 
transparency and alkalinity, and low total 
phosphorous and nitrogen concentrations 
(Pagioro et al. 2005). This reservoir has an area 
of 220 km2, total length of 116 km, volume of 
1,920 106 km3, annual mean flow rate of 1,203 m3s-

1 and inundated area of 27,600 ha (Cesp 1998). It 
is classified as oligo- mesotrophic and presents 
an elongated conformation, with small affluent 
arms and banks of submerged and rooted 
macrophytes (Júlio Júnior et al. 2005).

This study was developed in two arms of the 
Rosana Reservoir (Guairacá and Corvo Rivers). The 
Guairacá River, located in the lentic region of the 
reservoir, presents its margins with grasslands, 
predominantly sugar cane plantations, as well 
as banks of Egeria najas, Egeria densa and 
Eichhornia azurea. Furthermore, there is a 
strong influence of the wind on the horizontal 
circulation of water masses. The site where net 
cages are installed, next to the confluence with 
the Paranapanema River, may be characterized 
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as oligotrophic (Borges et al. 2010). The Corvo 
River has its margins constituted of grasslands 
and initial states of reforestation, apart from 
a starch industry, and presents eutrophic 
characteristics (Borges et al. 2008). This industry 
possibly contributes with manioc residuals to 
the environment. In this river, the experiment 
was installed at a distance of 5 km from the 
confluence with the Paranapanema River. This 
affluent is situated close to the dam of the 
reservoir, in Paraná State, between the towns of 
Diamante do Norte and Terra Rica.

Sampling design
In each tributary, sampling was performed before 
the installation of the net cages, with different 
fish stocking densities (Fig. 2), in triplicates, 
containing five sampling points site where 

net cages were installed (P1), two upstream 
distances (P6, P7) and two downstream distances 
(P4, P5). After this phase, two points were added 
to where net cages were installed (P2, P3) (Fig. 
2), which were also sampled in triplicates. The 
following samplings were obtained in a period 
of 120 days, between April and August 2006, thus 
distributed: with 15 days, 30 days, 60 days, 90 
days and 120 days, resulting in 120 samples in 
each habitat (n=240).

Microcrustaceans were sampled at the 
subsurface of the pelagic region, in the morning 
period, with a motor pump and plankton net 
of 68 µm. 200 litters of water were filtered per 
sample. The sampled material was conditioned 
in polyethylene flasks, properly labeled and 
fixed in formaldehyde solution at 4% buffered 
with calcium carbonate.

Figure 1. Map of the 
study area, highlighting 
the Guairacá and Corvo 
Rivers, in the Rosana 
Reservoir, near the 
confluence with the 
Paranapanema River 
(PR-SP).
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Species identification was made with 
specialized literature (Koste 1978, Dussart 1984, 
Reid 1985, Elmoor-Loureiro 1997, Santos-Silva 
2000, Lansac-Tôha et al. 2002). The abundance 
of individuals was estimated by analyzing a 
minimum of three subsamples in a Sedgewick-
Rafter chamber using an optical microscope 
(Bottrell et al. 1976). Samples that contained a 
reduced number of individuals were counted 
integrally.

Together with microcrustacean samplings, 
water samples were collected at the subsurface 
and kept under refrigeration for chlorophyll-a 
analysis, considered as an estimate of 
phytoplankton biomass (primary productivity) 
and source of resource to microcrustaceans. 
Chlorophyll-a concentration was determined by 
filtering aliquots of water in glass fiber filters 
(Whatman GF/F), extracting the pigments with 
acetone 90% and reading a spectrophotometer 
(663 and 775 nanometers), and was processed 
according to the methodology presented by 
Golterman et al. (1969). Calculations were 
performed according to the formula described 
in Wetzel & Likens (1991).

Data analysis
Species frequency of occurrence was calculated 
according to Omori & Ikeda (1984), with the 
formula Fo = Ta X 100 / TA, where Fo = frequency of 
occurrence, Ta = number of samples containing 
the species, and TA = total number of samples. 
Results were expressed as very frequent (>80%), 
frequent (40% - 80%), little frequent (20% - 40%) 
and sporadic (<20%).

To test whether the composition of the 
zooplankton communities differed significantly 
among the studied habitats (Guairacá and 
Corvo Rivers), we performed a multivariate 
analysis of permutation variance (PERMANOVA). 
We constructed a dissimilarity matrix with the 
Jaccard method and ran the analysis using 
function adonis of the vegan package (Oksanen 
et al. 2018) in the R environment, version 3.4 (R 
Development Core Team 2018).

We  ident i f ied  the  ch lorophy l l -a 
concentration threshold, responsible for the 
abrupt changes in the frequency of occurrence 
and relative abundance of species, using the 
Threshold Indicator Rate Analysis (TITAN; Baker 
& King 2010). TITAN allowed us to identify the 
limits or points of change for each taxon and for 
the whole community along the environmental 

Figure 2. Schematic 
representation of the point 
distribution at the sampling 
sites (upstream, downstream 
and net cages).
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gradient and detect changes on the distributions 
of species. This analysis uses the value IndVal 
(Value Indicator) to identify these points of 
change. When the value obtained by IndVal is 
less than 0.05 and values of purity and reliability 
are greater than 0.95 a species is considered 
significantly associated with a positive (z +) 
or negative (z-) response. To determine the 
significant indicator taxa with high precision, 
data was permutated 500 times, and IndVal < 
0.05 were retained. TITAN was implemented with 
the TITAN2 package (Baker & King 2010) of the R 
Environment (R Development Core Team 2018) 
using the untransformed abundance of taxa 
with ≥ 3 occurrences (King & Baker 2014).

RESULTS

We identified 45 species (34 cladocerans and 11 
copepods). The oligotrophic habitat presented 
the lower number of species (14 cladocerans and 
10 copepods) when compared to the eutrophic 
habitat (30 cladocerans and 9 copepods). Species 
composition has also differed significantly 
among habitats (p = 0.001, PERMANOVA).

Species more frequently found in the 
Guairacá River were Moina minuta and 
Notodiaptomus henseni, while those more 
frequently found in the Corvo River were 
Ceriodaphnia silvestrii and Notodiaptomus 
henseni . Furthermore, we observed that 
Notodiaptomus henseni (466489.5) and 
Ceriodaphnia silvestrii (201015.8) presented 
higher abundance values in Corvo River, and 
Ceriodaphnia cornuta (834045) and Moina 
minuta (316252) were most abundant in the 
Guairacá River.

Chlorophyll-a concentration was higher in 
the eutrophic (varying between 9.7 and 0.8 µg L-1, 
with mean 2.9 µg L-1, and coefficient of variation 
of 57%) than in oligotrophic habitats (varying 

between 5.3 and 0.4 µg L-1, with mean 2.3 µg L-1 
and coefficient of variation of 54%).

Through TITAN, we identified significant 
points of change in the frequency of occurrence 
and abundance of species in response to 
chlorophyll-a concentration only in the 
eutrophic habitat (Table I).

In the eutrophic habitat, we identified the 
point of change for negative response (z-) to 
chlorophyll-a at 1.37 µg L-1, while the point of 
change for positive response (z+) was observed 
at a concentration of 3.41 µg L-1 (Figure 3a).

The frequency of occurrence and abundance 
of species that indicated negative response 
(z-) started to decline at the chlorophyll-a 
concentration of around 1.8 µg L-1, and continued 
to decrease until approximately 4.85 µg L-1. On the 
other hand, approximately, at the chlorophyll-a 
concentration of 2 µg L-1 we observed a gain of 
species that indicated positive response (z+), 
which continued to occur until the concentration 
of 5 µg L-1 (Figure 3a).

We identified nine species considered as 
indicators of change in community composition, 

Table I. TITAN results for cladoceran and copepod 
species in response to variation in chlorophyll-a 
concentrations in oligotrophic and eutrophic habitats 
Obs. = Observed change point; 5%, 10%, 50%, 90% and 
95% = quartiles thresholds. Direction of the response 
given by z- (negative) and z + (positive).

Predictive 
variable Method Point of change

Obs. 5% 95%

Eu
tro

ph
ic

 

Chlorophyll-a
z- 1.37 1.02 3.41

z+ 3.41 1.71 4.85

O
lig

ot
ro

ph
ic

Chlorophyll-a
z- 1 - -

z+ 7 -
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with significant responses to variation in 
chlorophyll-a (p < 0.05), most of them showing 
positive responses (n = 6). Species with highest 
magnitude of positive responses, varying 
between 3.5 and 5 µg L-1, were Bosmina hagmanni, 
Argyrodiaptomus azevedoi and Thermocyclops 
minutus. We identified negative responses to 
chlorophyll-a concentration for three species, 
with highest magnitude of negative response, 
around 3 µg L-1, presented by Bosminopsis 
deitersi (Figure 3b).

DISCUSSION

Our results evidence that net cage fish farming 
affected differently the microcrustacean 
community structure of different habitats in the 
Rosana Reservoir. Species composition differed 
significantly between the studied habitats, but 
only in the eutrophic habitat changes in species 
frequency and abundance were attributed to 
chlorophyll-a concentration.

Figure 3. Graphical 
representation based 
on the analysis of 
threshold indicators 
(TITAN) for zooplankton 
species that showed 
significance throughout 
the chlorophyll-a 
concentration variation 
in the eutrophic 
environment (3a). Species 
that are negatively 
(z-) (black circles) and 
positively associated 
(z +) (white circles) 
suggest a negative and 
positive response to 
increasing chlorophyll-a 
(3b) concentrations. 
The diameter of the 
circle is proportional to 
the magnitude of the 
response.
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Different values of nutrient and turbidity 
among habitats generate differences in 
composition and availability of resources 
(Freire & Pinto-Coelho 1986, Mantovano et al. 
2019). These variables affect the type of algae 
and consequently the quality of available 
feeding resources. Thus, chlorophyll-a 
variation affects the structure of zooplankton 
communities (Dodson et al. 2000, Barnett & 
Beisner 2007, Simões et al. 2013a) and alter 
trophic relationships between producers and 
consumers (Simões et al. 2012, Figueiredo et al. 
2015). 

According with Matsumura-Tundisi & 
Tundisi (2005) the plankton composition in 
freshwater aquatic ecosystems are dependent 
on various factors such as the environment 
trophic variables, like chlorophyll-a. Previous 
studies developed in oligotrophic and 
eutrophic environments pointed that local 
factors associated to the availability of feeding 
resources determine the composition of the 
zooplankton community, as they promote or limit 
the occurrence of certain species (Hutchinson 
1957, Simões et al. 2013b). Differences pointed by 
our results in the composition among habitats 
represent a response to the variability of 
environmental conditions and different degrees 
of trophy (Mantovano et al. 2019). Therefore, 
changes in the composition of microcrustacean 
species due to chlorophyll-a alterations are 
related to food availability to aquatic organisms 
(Aranguren-Riaño et al. 2011, Schwind et al. 2017). 
This availability is considered as a predominant 
environmental filter to the structure of plankton 
communities (Arrieira et al. 2015, Schwind et al. 
2017, Mantovano et al. 2019). Thus, the capacity 
of each species to compete and acquire 
resources becomes an important proxy to 
minimize competitive exclusion (Paidere et al. 
2007, Simões et al. 2012).

Habitats  wi th high chlorophyl l-a 
concentration suggest a higher availability of 
phytoplankton biomass (Borges et al. 2010). 
However, quality or size of the available 
resource may not favour their predation, and 
consequently the establishment of zooplankton 
species (Ferrão-Filho et al. 2000, Ghadouani et al. 
2003). Previous studies realized in oligotrophic 
environments related an inverse relationship 
in the phytoplankton/zooplankton dynamics. 
These studies observed that, in conditions of 
high phytoplankton abundance, there was an 
expressive reduction in cladoceran and copepod 
density, explained by the low quality of available 
feeding resources (Borges et al. 2010, Dias et al. 
2011).

In the eutrophic habitat, this fact reflected 
in modifications on the structure of the 
microcrustacean community. The characteristics 
of each species, as well as their responses 
to environmental variation, are determinant 
to the comprehension of the mechanisms 
that determine community changes, as they 
are directly associated to the limits and 
requirements of each group of organisms (Poff 
1997, Schwind et al. 2019).

Our results corroborate with the information 
that planktonic microcrustaceans are indicators 
of environmental quality. In the eutrophic 
habitat, B. hagmanni presented an increase 
in frequency of occurrence and abundance 
according to the increase in chlorophyll-a 
concentration, while B. deitersi presented an 
opposing response. Other studies found a 
relationship between abundance of species of 
the family Bosminidae and reservoir trophy. 
These studies found B. hagmanni was dominant 
in eutrophic reservoirs and B. deitersi was more 
abundant in oligotrophic reservoirs (Sartori et 
al. 2009, Santos et al. 2011).
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Calanoida copepods present high 
sensitivity to changes in environmental 
characteristics (Matsumura-Tundisi & Tundisi 
2003). Furthermore, they present functional 
traits as filtrating mechanisms, a common 
characteristic of herbivore zooplankton, which 
makes them very plastic with respect to feeding 
resources (Perbiche-Neves et al. 2014). This 
characteristic allows an opportunistic selecting 
behaviour, depending on available resources 
and discriminating low quality resources when 
there is high abundance of high quality food 
(De Mott 1999). Thus, the eutrophic habitat 
may have propitiated favourable conditions 
to the establishment of Argyrodiaptomus 
azevedoi a species that responded positively to 
chlorophyll-a.

Species with high potential of response 
of the analysed variable differed in relation 
to size spectrum, as we registered both small 
cladocerans as B. hagmanni and B. deitersi 
and large copepods as A. azevedoi. According 
to Sampaio et al. (2002) and Rietzler et al. 
(2002) these species, of large size, can be used 
as indicators of trophic state in freshwater 
ecosystems. Studies have demonstrated a 
relationship between body size of aquatic 
organisms and availability of feeding resources 
(Jeppesen et al. 2010, Bomfim et al. 2018, 
Mantovano et al. 2019). Habitats with high 
productivity have a higher quantity of available 
energetic resources (Ortega-Mayagoitia et al. 
2011). This favours the colonization of small 
planktonic organisms (Havens 1998, Bomfim 
et al. 2018, Mantovano et al. 2019), as they 
invest in growth and reproduction, reflecting in 
population increase and community diversity 
(Allan 1976, Dodson 1992).

This relationship explains the higher 
richness found in eutrophic habitats, as well as 
the positive response of B. hagmanni, a small-
sized cladoceran (Dias et al. 2011), to increased 

chlorophyll-a concentration, even if this was 
not a linear relationship. On the other hand, 
B. deitersi, also a small-sized species, was not 
favoured by the increase in resource availability. 
This result suggests a competition between 
species of the same family (Bosminidae), 
from which the last species gets prejudiced. 
Furthermore, A. azevedoi and T. minutus also 
presented positive responses to chlorophyll-a 
increase. These copepods are larger than 
Bosminidae and very efficient in food uptake 
through filtration (Perbiche-Neves et al. 2016). 
However, B. hagmanni, presenting longer 
antennae (Bleiwas & Stokes 1985, Dodson et al. 
2009), seems to be more efficient in filtration 
than B. deitersi, which intensifies competitive 
disadvantages between species.The occurrence 
T. minutus and A. azevedoi was also registered in 
the series of a six reservoirs located in the Tietê 
River, due to agricultural fertilizers and discharge 
of non-treated wastewater, these sites showed 
a eutrophic condition in the spatial gradient 
(Matsumura-Tundisi & Tundisi 2005). Due the 
cage fish, the state trophic local is altered 
determining the richness and composition 
of organisms, within environments mainly of 
meso and eutrophics characteristics happen 
consequences in which the zooplanktonic 
community.

The pattern of frequency of occurrence and 
abundance of these four species was unimodal 
when related to chlorophyll-a. Food quality and 
size may be limiting factors. Previous studies 
developed in this same area verified that the 
increase in zooplankton predation pressure 
on small phytoplankton species favoured 
cyanobacteria (Borges et al. 2010, Dias et al. 
2011). These algae are known for their negative 
effect on the development and growth of 
the zooplankton community for being non-
palatable, hardly digested and presenting toxins 
(Chorus & Bartram 1999, Ferrão-Filho et al. 2000, 
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Ghadouani et al. 2003, Codd et al. 2005, Borges 
et al. 2010).

We showed that even with nutrient 
intake through fish farming in net cages, the 
composition of the microcrustacean community 
in oligotrophic habitats remains different from 
that of eutrophic habitats. Nutrient input in the 
water column is recognized as one of the main 
eutrophication processes close to fish farming 
net cages (Negreiros et al. 2009, Dias et al. 2011). 
These results are corroborated by ecological 
studies made by Silva & Matsumura-Tundisi 
(2005) and Landa et al. (2007). 

We observed that, in the eutrophic habitat, 
TITAN did not verify significant relationships. 
Caution is necessary when interpreting the 
influence of this activity on the environment 
on which it is inserted. Aspects as study 
duration, morphological characteristics of 
the environment, among others, may have 
contributed to microcrustacean community 
resilience and reduced variation in chlorophyll-a 
concentrations in the water. Nevertheless, results 
found through TITAN suggest that this tool is 
effective to evaluate changes in chlorophyll-a 
concentration, once that it allows the evaluation 
of the entire gradient, without categorizing it, 
and enables the visualization of community 
thresholds and main indicator species.

Frequency and abundance of the 
microcrustacean community demonstrated that 
the operation of tanks in the eutrophic habitat 
presents a potential negative effect on indicator 
species. Thus, the installation of net cages 
is capable of altering community structure 
and, consequently, affecting other trophic 
levels due to loss of ecosystem functions (e.g. 
phytoplankton -Challouf et al. 2017, Guo & Li 
2003 for zoobentonics). TITAN has identified 
thresholds that influence the distribution of 
the indicator species, and of chlorophyll-a 
concentrations. These alterations occurred due 

to the relationship between these species and 
their responses to the quantity and quality of 
the available feeding resources.

At last, we suggest for more studies in other 
reservoirs with different trophic conditions. This 
would enable a larger amplitude of results on 
the impact of net cage activity on the structure 
of the zooplankton community, once that these 
organisms are a link between producers and 
consumers in the pelagic food chains.
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