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Abstract: Aim: This study investigated changes in copepod abundance and the
influence of environmental variables in a reservoir with fish farming using cages, on
temporal and spatial scales. We hypothesised that the copepod abundance will increase
when influenced by changes in environmental variables due the increase of nutrients
originating from fish farming. Methods: A 120-day sampling of copepods and
environmental variables was carried out in a subtropical reservoir of the Parand River
basin (Rosana reservoir), upstream and downstream of three sets of cages with different
fish stocking densities. A Principal Component Analysis was conducted to characterise
sampling periods and points through environmental variables. The differences between
copepod abundance according to sampling periods and points were tested by ANOVA.
Results: We observed higher maximum values for most nutrient concentrations and
dissolved oxygen in the final stage of the experiment and in the location of cages
installation. The copepod abundance increased sharply during the first days of the
experiment and then decreased during the following periods with a tendency towards
returning to the initial conditions at the final stage of the experiment. A significant
difference in copepod abundance between the location of cages installation and
downstream was showed. In addition, turbidity, chlorophyll-a, and nitrate significantly
predicted copepod abundance. Conclusion: The results suggested that the changes in
copepod abundance over time are influenced by environmental variables, evidenced by the
increase in nutrient concentration after the cage installation, related to the increase in the
practice of fish farming. The environmental variables related to system productivity were
linked to the availability of food resources. Thus, our hypothesis that copepod abundance
is increased due the alterations in environmental variables caused by the increase in the
practice of fish farming using cages was corroborated.
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Resumo: Objetivo: Este estudo investigou a variagao na abundancia dos copépodes
e a influéncia das varidveis ambientais nessa variagio em uma drea de reservatério com
atividade de piscicultura em tanques-rede, em escala temporal e espacial. Nossa hipStese
foi que a abundéncia de copépodes aumentard influenciada pelas alteragoes nas varidveis
ambientais causadas pelo aumento dos nutrientes provenientes deste tipo de atividade.
Métodos: As amostragens foram realizadas em um reservatério subtropical, na bacia
do rio Parand (reservatério de Rosana), a montante e a jusante de trés conjuntos de
tanques-rede com diferentes densidades de estocagem de peixes, durante 120 dias.
Uma Anélise de Componentes Principais foi realizada para caracterizar os perfodos e
pontos de amostragem por meio de varidveis ambientais. As diferengas entre a abundéncia
de copépodes de acordo com os perfodos e pontos de amostragem foram testadas pela
ANOVA. Resultados: Foram observados maiores valores méximos para a maioria das
concentragoes de nutrientes e de oxigénio dissolvido na fase final do experimento e no
local de instalagio dos tanques-rede. A abundancia de copépodes aumentou bruscamente
nos primeiros dias do experimento e, posteriormente, diminuiu nos tempos seguintes.
Foi observada uma diferenca significativa na abundéncia de copépodes entre o local
de instalagio dos tanques e a jusante. As varidveis ambientais turbidez, clorofila-a e
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nitrato foram significativas para predizer a abundincia de copépodes. Conclusdes: Os
resultados sugerem que as alteragoes na abundéncia dos copépodes ao longo do tempo
sdo influenciadas pelas alteragoes das varidveis ambientais, evidenciadas pelo aumento das
concentragoes de nutrientes, apds a instalagao dos tanques, relacionadas ao incremento da
atividade de piscicultura. As varidveis ambientais relacionadas a produtividade do sistema
foram relacionadas a disponibilidade de recursos alimentares. Dessa forma, a hipétese de
que a abundincia dos copépodes aumenta devido as alteracoes das varidveis ambientais,
causadas pelo incremento da atividade de piscicultura em tanques-rede, foi corroborada.

Palavras-chave: zooplancton; abundéincia de copepoda; varidveis ambientais;

piscicultura.

1. Introduction

Fish farming using cages is a major emerging
aquaculture modality in Brazilian reservoirs
(Ayrozaetal., 2000); the technique is relatively cheap
and simple compared to traditional fish farming
using earthen ponds for enabling the use of a large
variety of aquatic environments such as reservoirs,
and discards the costs of pond construction (Rotta
& Queiroz, 2003). It is a very intensive type of
farming that employs a considerable volume of
food inputs for fish production using reduced
space under a high fish density, which consequently
releases food waste and metabolites directly into the
environment (Beveridge, 1984). These are factors
that may change environmental variables, and
consequently, impact aquatic communities.

Environmental variables are very important in
the dynamic of aquatic communities considering
that alterations in their physical and chemical factors
contribute to changes in the functioning pattern of
the ecosystem (Rietzler et al., 2002). In addition,
those characteristics influence the physiology and
behaviour of organisms, as well as the structure
of communities (Dunson & Travis, 1991). In a
previous study, Arrieira et al. (2015) emphasised
that environmental variables are major structuring
factors for communities of testate amoeba in aquatic
environments; therefore, the assessment of the
environmental characteristics of water (physical,
chemical and biological variables) may be a good
predictor to analyse the variability and structure
of communities in freshwater environments
(Neiff, 1996).

Copepods are zooplanktonic organisms that
provide good responses to those environmental
variations that reflect the changes of variables
over time (Margalef, 1983). A few studies
discuss this community response in aquatic
environments by approaching copepod
sensitivity to alterations in environmental factors
(Sendacz, 2001; Silva & Matsumura-Tundisi, 2005;
Lansac-Téha et al., 2009); however, no studies have

yet approached the response of these organisms in
environments with nutrient enrichment caused by
the installation of cages for fish farming. In this
context, the objective of this study was to investigate
the variation in copepod abundance and the
influence of environmental variables in a storage
tank area with fish farming using cages, on temporal
and spatial scales.

Thus, our hypothesis was that the abundance
of copepods would increase influenced by changes
in environmental variables caused by increase of
nutrients originating from fish farming.

2. Material and Methods
2.1. Study area

The study was carried out in a tributary
(Corvo River) located on the left bank of the
lake zone belonging to the Rosana reservoir
(22° 36’ S and 52° 52° W) close to the confluence
with Paranapanema River. The Corvo River is
239 m in width and has an average depth of 7 m
in the studied stretch (Figure 1).

Characteristics of the reservoir: area of 220 km?;
116 km total length; volume of 1,920 10° km?
and 1,203 m?>.s' mean annual flow; 27,600 ha
of flooded area, and water residence time around
of 18.6 days (CESD, 1998). It has been classified
as oligo-mesotrophic and, elongated, with small
branches in its tributaries and banks of rooted and
submerged macrophytes (Jalio Junior et al., 1997);
in addition, it is a run-of-the-river shallow reservoir
with large marginal areas (Nogueira et al., 2002;
Pagioro etal., 2005). Corvo River presents margins
with grasses and initial stages of reforestation
with aquatic macrophytes banks predominantly
of Egeria najas Planchon and Eichhornia azurea
(Swartz) Kunth.

2.2. Sampling design

The 120-day experiment consisted of three sets
of cages with different Nile tilapia stocking densities
(Oreochromis niloticus Linnaeus, 1758) (50 Kg.m? or
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Figure 1. Study area (A) and schematic representation of the sampling points (upstream, fish cages and downstream)

(B) in the Corvo River.

100 fish per m% 75 Kg.m? or 150 fish per m?
100 Kg.m? or 200 fish per m?) between April
(fall) and August (winter), 2006. The cages had
dimensions of 2 x 2 x 1.7 m, a volume of 6.0 m?,
and 10 mm of mesh size of cages. The fish were
fed three times a day and the amount of food
provided was adjusted according to temporal
changes in biomass and the growth of the fish in
the cages (<100 g wet weight, 10% of extruded
commercial food; 100-150 g, 5%; 160-300 g, 3%;
300-500 g, 1%). The diet was composed of two
extruded commercial foods (one with 32% of crude

protein for the first 30 days and another with 28%
of crude protein for the next 90 days).

Sampling was carried out in triplicate before
the installation of the cages (T0) at five sampling
points previously established for the experiment
(treatment, two distances downstream and two
distances upstream). After this, we carried out
another triplicate sampling at seven points consisting
of the installation area of the three sets of cages
(P1,P2and P3) —two distances upstream (P4 at 100 m
and P5 at 400 m), and two distances downstream
(P6 at 100 m and P7 at 400 m) (Figure 1). After
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the first sampling (T0), the remaining sampling
occurred on days 15 (T1), 30 (T2), 60 (T3),
90 (T4) and 120 (T5) of the experiment, numbering
120 samples for our study.

2.3. Data sampling

The copepods were sampled on the subsurface
of each sampling point during the morning using
a pump motor; 200 litres of water were filtered
per sample through a plankton net (68 pm).
The collected material was stored in polyethylene
bottles with formaldehyde fixation (4%) and the
calcium carbonate buffer properly labelled.

The physical and chemical variables of water
were measured under the water surface at the
limnetic zone: water temperature (°C), dissolved
oxygen (mg.L') (YSI Model 55-12FT), electric
conductivity (uS.cm™) (conductivimeter Digimed),
pH (pH-meter Digimed), turbidicy (NTU)
(digital portable turbidimeter) and total alkalinity
(mEq.L'1) (Carmouze, 1994).

The samples of water were collected using
a Van Dorn bottle (5 litres) and cooled for
laboratory analysis of the nutrient concentrations
and chlorophyll-a. These analyses established
the concentrations of nitrate (NO,) (ug.L")
(Giné et al., 1980), ammoniacal-N (NH,) (ug.L")
(Koroleft, 1976), phosphate (PO*) (ug.L")
(Mackereth et al., 1978), total nitrogen (pg.L)
(Zagatto et al., 1981), total phosphorus (pg.L")
(Golterman et al., 1978), and chlorophyll-a
(pg.L") (Golterman et al., 1978). Copepod
species were identified according to Reid (1985),
Matsumura-Tundisi (1986), and Lansac-Téha et al.
(2002).

We obtained three sub-samples using
Hensen-Stempel pipette (2.5 mL each) to establish
the abundance of individuals, counting at least
50 individuals in a modified Sedgewick-Rafter
chamber under optical microscopy
(Bottrell et al., 1976). The samples with reduced
number of individuals were thoroughly analysed.
The final abundance was expressed in terms of
individuals per cubic meter (ind.m?).

2.4. Data analysis

A Principal Component Analysis (PCA) was
conducted to characterize sampling periods and
points through environmental variables using the
statistical software PC-ORD version 5.01 (McCune
& Mefford, 1999); data used were log-transformed
(x+1), except pH. The criterion used to retain the
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axes for interpretation was the Broken-Stick, as
proposed by Jackson (1993).

Non-parametric one-way tests (Kruskal-Wallis)
were applied to verify significant differences
between grouped points (P1, P2, P3 — cages;
P4, P5 — upstream; P6, P7 — downstream) of the
environmental variables in each sampling periods
and each sampling location. In addition, we tested
the significant differences between treatment groups
(cages, upstream and downstream) using an Analysis
of Variance (ANOVA) (Sokal & Rohlf, 1991).

We also performed an ANOVA to assess the
differences in the copepod abundance in the sampling
periods and sampling points. The assumptions of
normality and homoscedasticity (homogeneity
of variance) were previously verified through the
Shapiro-Wilk and Levene tests, respectively. A Tukey
test was also applied to compare the means between
the significant differences. We considered significant
results when p < 0.05.

We assessed the relationship between
copepod abundance and environmental variables
through a multiple regression analysis (Sokal
& Rohlf, 1991). This analysis is defined by
equation Y = a + b (X), where Y is the response
or dependent variable (copepod abundance), a
(intercept) and b (coefficient) are the constants,
and X represents the explanatory or independent
variables (environmental variables); data were
log-transformed. The assumptions of linearity,
normality, homoscedasticity and independence
were previous tested. These analyses were using the
Statistica software 7.0 (Statsoft, 2005),

3. Results

3.1. Environmental variables characterisation

The environmental variables values presented no
significant differences between grouped points in
each studied period. We observed higher maximum
values for most nutrients concentrations (total
nitrogen, ammoniacal-N, total phosphorus and
phosphate), and dissolved oxygen in the final stage
of the experiment (T5) (Table 1). The ANOVA
results between environmental variables and
sampling periods are summarised in Table 2.

The environmental variables values also presented
no significant differences between grouped points in
each studied location. We observed higher maximum
values of total nitrogen, N-nitrate, ammoniacal-N,
and total phosphorus in the location of cage
installation (C), while values of chlorophyll-a
concentration and phosphate were higher in the
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Table 1. Minimum, maximum values and significance of the environmental variables recorded for each studied
periods (TO = before cage installation, T1 = 15 days, T2 = 30 days, T3 = 60 days, T4 = 90 days, and T’5 = 120 days
after cages installation) - Corvo River, Rosana reservoir (SP/PR).

Environmental variables

Studied periods

To ™ T2 3 T4 T5
4248 5.8:9.0 4071 2236 1927 1823

Turbidity (NTU
urbidity (NTU) p=064  p=096 p=0.10 p=0.31 p=0.83 p=0.17
y 6.87.0 7.0-76 7.0-7.4 5.66.7 6.3-7.0 6.6-7.0
P p=017  p=048 p=0.06 p=0.47 p=0.37 p=0.46

Alkalinity (mEq.L")

236.6-2569.5 277.5-303.1

214.5-429.0 212.1-330.0

255.9-3568.5 279.9-354.8

p=046  p=047 p=029 p=053 p=0.96 p=0238
Condustivity (1S.om™) 35.0-385 39.3-437 520561  436-669  411-522 43533
Y s, p=016  p=049 p=0.12 = 0.49 p=0.29 p=0.43
0.82.9 3475 1.9-10.9 2752 0727 1.0-3.4
_ -1
Chiorophyli-a (ug.L™) p=0.14 p=0.48 p= 0.46 p=0.08 p=0.73 p=0.38
259261 252262  21.9-230 214223 200216 218235
Temperature (°C)
p=007  p=006 p= 0.44 p=0.48 p=0.48 p=0.46
Dissolved oxygen (mg.L") 556.2 6.37.9 6.7-8.0 7.6:8.0 7579 7493
ygen {mg. p=018  p=0.06 p=038 p=0.46 p= 048 p= 047
Total nirogen (ug.L") 4045-5347 37235428 4739-816.5 43537260  0-552.8  450.3-985.9
9en {Hg. p=0.51 p=0.25 p= 042 p=0.57 p=0.57 p=0.62
. 17571959 159.0-221.0 217.9-252.7 236.5-259.7 168.7-233.4 189.2-250.4
Nitrate (ug.L™")
p=019  p=0.61 p= 057 p= 054 p=053 p= 058
Ammoniacal-N (4g.L") 245387  26-163 88170 80255 56216  13.3-40.1
Hg- p=006  p=084 p=0.88 p=0.66 p=0.89 p=0.68
Total phosphorts (ug L) 124160 139191 154238  12.9-17.3  12.0-168  10.7-27.3
phosp Hg- p=026  p=047 p=043 p=0.39 p=0.51 p=0.53
50-8.8 3.9:6.2 3.6-13.9 4179 2254 2.0-11.6
Phosphate (ug.L")
p=070  p=0.37 p=054 p=0235 p=0237 p=0.26

Table 2. The ANOVA results of the environmental
variables in the studied periods.

Environmental variables F p
Turbidity (NTU) 118.7 <0.01
pH 452  <0.01
Alkalinity (mEq.L"") 346 <0.01
Conductivity (uS.cm™) 272 <0.01
Chlorophyll-a (ug.L™) 20.7 <0.01
Temperature (°C) 307.2 <0.01
Dissolved oxygen (mg.L™") 235 <0.01
Total nitrogen (ug.L™") 22.0 <0.01
Nitrate (ug.L™") 36.6 <0.01
Ammoniacal-N (ug.L™") 34.2 <0.01
Total phosphorus (ug.L™) 28.8 <0.01
Phosphate (ug.L™") 6.2 0.01

downstream (D) (Table 3). The ANOVA results
between environmental variables and sampling
points are summarised in Table 4.

The Principal Component Analysis (PCA)
described 58.1% of data variability according to
sampling period and point. The first PCA axis
explained 36.9% of this variation with positive
influence of dissolved oxygen and total nitrogen
and negative influence of pH, conductivity and
temperature; the second axis provided 21.2% of

the explanation, with a positive association with
temperature and turbidity and a negative association
with dissolved oxygen and chlorophyll-a.

The influence of those variables on the formation
of axes indicated higher environmental variability
for sampling periods than for points. We verified
a clear separation between periods T0, T3, T4 and
T5 and periods T'1 and T2, suggesting that before
the installation of the cages (T0) and at the final
stage of the experiment (T4 and T5), there was a
higher level of influence by nitrogen and dissolved
oxygen. In addition, considering the scores of axis
2, we verified higher separation between sampling
periods TO and T1 (before the installation of the
cages, and at day 15) with variation presenting
negative association with values of pH, conductivity,
temperature, turbidity and total phosphorus
(Figure 2).

3.2. Composition and abundance of community of
copepod

The copepods composition were represented
by nine species, including seven Cyclopidae
(Cyclopoida) species: Mesocyclops aspericornis
(Daday, 1906), Mesocyclops longisetus longisetus
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Table 3. Minimum, maximum values and significance of the environmental variables recorded for each studied
points (U = upstream; C = cage installation location; D = downstream) - Corvo River, Rosana reservoir (SP/PR).

Sampling points

Environmental variables

u c D
1.8-8.0 1.99.0 1.87.8
Turbidity (NTU
urbidity (NTU) p=034 p=0.08 p=0.26
| 6576 6.37.0 5673
P p=0.40 p=0.07 p= 0.66
214.5:422.0 240.3-423.8 212.1-429.0
Alkalinity (mEq.L"
alinity (MEq.L7) p=0.15 p=0.07 p=0.14
35.0-66.9 36.0-54.0 36.7-56.1
tivity (uS.cm-
Conductivity (uS.cm™) p=0.29 p=0.08 p=0.11
1375 0.85.2 0.6-10.9
_ A
Chlorophyll-a (ug.L") p=0.24 p=013 p=0.33
Temperature (°C) 21.3-26.2 20.0-25.9 20.5-26.0
P p= 0.65 p=0.29 p=0.79
5593 6.07.8 5.6-8.0
; -1
Dissolved oxygen (mg.L™) =067 p=0.79 p=0.28
326.3-790.6 415.1-985.9 0-826.4
Total ni L
otal nitrogen (ug.L) p=0.12 p=0.20 p=0.20
Nirate (ug.L") 159.0-250.4 183.5-250.7 184.2-252.7
HG- p=022 p=0.10 p=0.30
26387 10.2-40.1 56-27.6
; _ Kl
Ammoniacal-N (ug.L") p=0.13 p=0.46 p=0.25
11.8-23.1 11.5:27.3 10.7-23.8
K
Total phosphorus (ug.L™") =035 =075 = 0.68
2193 22116 2.0-13.9
Phosphate (ug.L"
osphate (ug.L") p=0.47 p=0.27 p=0.58

Table 4. The ANOVA results of the environmental
variables in the studied points.

Environmental variables F p
Turbidity (NTU) 34 0.03
pH 3.2 0.04
Alkalinity (mEq.L") 3.3 0.04
Conductivity (uS.cm™) 4.0 0.02
Chlorophyll-a (ug.L™") 49 <0.01
Temperature (°C) 3.2 0.04
Dissolved oxygen (mg.L™) 3.7 0.03
Total nitrogen (ug.L™") 2.3 0.01
Nitrate (ug.L™") 3.1 0.03
Ammoniacal-N (ug.L™") 7.0 <0.01
Total phosphorus (ug.L™") 3.7 0.03
Phosphate (ug.L™) 4.1 0.02

(Thiébaud, 1912), Mesocyclops meridianus
(Kiefer, 1926), Mesocyclops ogunnus Onabamiro,
1957, Mesocyclops sp., Thermocyclops decipiens
(Kiefer, 1929), and 7hermocyclops minutus (Lowndes,
1934); and two Diaptomidae (Calanoida) species:
Argyrodiaptomus azevedoi (Wright, 1935) and
Notodiaptomus henseni (Dahl, 1894).
Notodiapromus henseni (28.475 ind.m?),
Thermocyclops minutus (3.821 ind.m?) and
Thermocyclops decipiens (633 ind.m?) showed the
highest mean abundance in this study (Figure 3).

The ANOVA results indicated significant
differences in the variation of abundance according
to the sampling period (F . =16.562; p <0.01),
with a sharp increase between T0 and T2 (experiment
day 30) and decrease for the following periods
(T3 and T4), with a tendency to return to T’5 initial
conditions (final stage). The Tukey test indicated
that T1 and T2 differed from each other and from
the remaining periods (Figure 4A). The ANOVA
results for abundance values between sampling
points were also significant (F 3114 = 3:005 p = 0.03).
The Tukey test showed that the significant difference
occurred between cage installation location and
downstream (Figure 4B).

3.3. Relationship between copepod abundance and
environmental variables

According to the multiple regression analysis,
turbidity, chlorophyll-a, and NO, were significant
for the prediction model for copepod abundance
with a positive correlation to turbidity and nitrate.
A negative correlation was observed to chlorophyll-a
(Table 5). The following model explained 98% of
data variability: Log  (Cop) =0.117 * Log, , (Turb)
—0.087 * Log,, (Chlor-a) + 0.956 * Log,, (NO,);
where: Cop = copepod abundance; Turb = turbidity;
NO, = nitrate; Chlor-a = chlorophyll-a.
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Figure 2. Scores of the Principal Component Analysis
(PCA) with dispersion of the environmental variables
according to the sampling periods (A) and points
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Figure 3. Copepod abundance in the studied period.
Species: A. a.: Argyrodiaptomus azevedoi; N. h.:
Notodiaptomus henseni; M. sp: Mesocyclops sp.; M. a.:
Mesocyclops aspericornis; M. 1. 1..: Mesocyclops longisetus
longisetus; M. m.: Mesocyclops meridianus; M. o.:
Mesocyclops ogunnus; T. d.: Thermocyclops decipiens; T. m.:
Thermocyclops minutus.
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Table 5. Summary of the multiple regression model
between copepod abundance (response variable) and
values of turbidity, chlorophyll-a, and nitrate (explanatory
variables); ¢ corresponds to t test of parameters
significance; p is the probability to find t higher than
the obrtained.

Partial
Parameters N
®) correlation t p
coefficient
Turbidity 0.117 0.742 2145 0.03
Chlorophyll-a -0.087 -0.418 2.3 0.02
Nitrate 0.956 0.408 18.37 <0.01

4. Discussion

The practice of fish farming using cages
caused evident alterations on the environmental
characteristics and, consequently, on copepod
abundance, considering the sampled periods and
points. These variations can be regarded as factors
related to major anthropic activities influencing
the community of microcrustaceans (Illyovd &
Pastuchova, 2012).

In fish farming using cages, uneaten food,
faeces, mucus and soluble wastes (phosphorus and
nitrogen compounds) are directly dispersed into
the water, resulting in an eutrophication process
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(Demir et al., 2001). This impact influences the
copepod abundance by direct forces, altering the
physical and chemical characteristics of the water
column in the reservoirs, or by indirect forces,
starting with impacts caused by food resource
availability. For example, this increase in the
quantity of nutrients after establishment of the
cage causes an increase in phytoplankton biomass,
resulting in a high biomass of invertebrates (Guo
& Li, 2003), which can used by copepods as a food
resource.

The higher environmental variable concentration
values and significant differences were verified in the
final stage of the experiment (T5), and cages and
downstream. These results could be caused by the
introduction of artificial foods in the cages that
directly affected the environment with increase
of nutrient concentration. The alterations in the
environment may also influence the dynamics
of the copepods community in response to
this environmental stress (Demir et al., 2001;
Matsumura-Tundisi & Tundisi, 2003).

The results of the regression analysis suggest that
the increase in system productivity related especially
to suspended solids (turbidity), chlorophyll-a, and
nitrate could influenced changes in the community
abundance according to sampling periods and
points. These environmental variables related to
system productivity are linked to the availability
of food resources (Auer et al., 2004) and directly
affected copepod abundance. Copepods can
feed on bacteria, small food particles and algae
(Matsumura-Tundisi & Tundisi, 2005), that show
similar spatial variation and higher abundance on
productivity environments (Dias et al., 2011).

According to the PCA results and alterations
in community abundance, as evidenced by
the ANOVA results, there is a high primary
production and changes in the system productivity,
revealing alterations in community abundance,
influencing its stability (Sommer et al., 1986;
Tilman et al., 2006). In addition, the increase in
productivity increases rates of individual growth
and reproduction of organisms, and thereafter,
the rapid increase in population abundance
(Gliwicz, 2002; Dias et al., 2012). Those results
were revealed through the negative association with
phosphorus and the positive with nitrogen — major
environmental variables related to productivity.

A rapid increase in copepod abundance until
day 30, after the installation of the cages, and the
posterior decrease after this abundance peak, could
be attributed to a higher initial increase and after
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decreases in the phytoplankton and heterotrophic
flagellate abundance (Borges et al., 2010). These
results are in agreement with Dias etal. (2011), who
observed a peak of abundance in the first days after
the installation of the cage due to the contribution
of the young and adult stage copepods. The authors
also demonstrated that a positive correlation
between copepod and phytoplankton could explain
the high copepod abundance observed.

A possible explanation for the high abundance of
Notodiaptomus henseni (Calanoida) is that these species
are not influenced by alterations in environmental
variables (Perbiche-Neves et al., 2013). The higher
abundance of Cyclopoida species represented
by Thermocyclops minutus and 1. decipiens can
be explained considering that these species are
commonly abundant and are found sharing
habitats in oligo-mesotrophic environments, such
as the conditions of the studied reservoir (Silva &
Matsumura-Tundisi, 2005; Landa et al., 2007;
Nogueira etal., 2008; Perbiche-Neves et al., 2013).
In addition, Thermocyclops decipiens has been
employed as a water bio-indicator with high
nutrient concentration (Rocha et al., 2002;
Landa et al., 2007; Nogueira et al., 2008).

Environmental variables, such as turbidity,
chlorophyll-a, and nitrate, were regarded as
regulatory strengths, acting on copepod abundance
for influencing both its temporal and spatial
distribution, which states that the practice of fish
farming can affect environmental conditions.
The lower amplitude of food resources, which
could have intensified the interspecific competition,
could infer the decrease in copepod abundance
in the final studied periods. The abundance of
these organisms depends on the support capability
of the environment and the ability of species to
use the resources and explore different niches
(Matsumura-Tundisi et al., 1990).

Therefore, the hypothesis that the community
of copepod abundance increases due to alterations
in environmental variables caused by the increase
in the practice of fish farming using cages was
corroborated.
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