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ABSTRACT. We investigated the impact of fish cage culture on the zooplankton community structure in a tropical reservoir. We
hypothesized that community abundance is greater near cages and increases over time due to the increase in food availability. Samplings
were performed near, upstream and downstream from net cages, and before and after net cage installation. The abundance of zooplankton
increased 15 days after the experiment was set up, followed by a reduction and finally increased. Rotifer abundance showed significant
differences among sites (p<0.05) and sampling periods (p<0.001). Significant differences were also observed in total zooplankton and
cladoceran abundance (p<0.001). The spatial and temporal variation of the physical and chemical variables were indirectly correlated
with the structure and dynamic of the zooplankton community, as they indicated the primary production in the environment. Our
hypothesis was rejected, since the zooplankton was abundant at the reference site. Only rotifers showed higher abundance near cages, due
to the influence of food availability. Community dynamics during the experiment was also correlated to food availability. Our results
suggest an impact of fish farming on the zooplankton community.
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RESUMO. Impacto da piscicultura em tanques-rede na comunidade zooplanctdnica em um reservatorio tropical. O
objetivo deste estudo foi investigar o impacto da piscicultura em tanques-rede sobre a estrutura da comunidade zooplancténica em um
reservatorio tropical. Acredita-se que a abundancia do zooplancton é maior perto dos tanques-rede e aumenta ao longo do tempo devido
ao aumento da disponibilidade de alimento. As coletas foram realizadas préximo aos tanques-rede, bem como a montante e a jusante dos
mesmos, antes e apos a instalagdo dos tanques. A abundéancia do zooplancton aumentou 15 dias depois da instalagdo dos tanques, seguida
por uma reducdo e posterior aumento no fim do experimento. A abundancia dos rotiferos apresentou diferengas significativas entre os
pontos (p<0,05) e periodos de amostragem (p<0,001). Diferengas significativas também foram observadas para a abundancia do
zooplancton total e de claddceros (p<0,001). A variagdo espacial e temporal das varidveis fisicas e quimicas apresentou uma relagéo
indireta com a estrutura e dinamica da comunidade zooplanctonica, pois essa variagéo indicou a produgdo priméria no ambiente. A
hipétese foi rejeitada, pois o zooplancton foi mais abundante no ponto de controle. Apenas os rotiferos apresentaram maior abundancia
perto dos tanques, devido a influéncia da disponibilidade de alimento. No entanto, a dindmica da comunidade durante o experimento
também foi relacionada com a disponibilidade de alimento. Os resultados sugerem o impacto da piscicultura em tanques-rede na comunidade
zooplanctonica.

PALAVRAS-CHAVE. Aquicultura, tildpia, impacto ambiental.

Fish cage-cultureisan activity that hasgrown on a
large scalein Brazil in recent years (ALves & BAcCCARIN,
2005) due to increased fishing productivity in Brazilian
reservoirs and human population growth. Its use is an
excellent alternativefor fish production wherethe practice
of conventional fish culture is not possible (ScHmiTTou,
1993). Nevertheless, this activity must be well-managed
and monitored to avoid environmental degradation from
water quality impact and exotic species introductions.

Infish cage-culture, the solid wastes (uneaten food,
feces and mucus) and soluble wastes (phosphorus and
nitrogen compounds) are dispersed directly into the
water. Consequently, this activity constitutes an
eutrophication risk (Demir et al., 2001).

These impacts influence the structure of the
zooplankton community either through direct forces,
such as by altering the physical and chemical
characteristics of the water column in the reservairs, or
through indirect forces, starting with impacts caused by
food resource availability and abundance of invertebrate
and fish predators. According to Guo & Li (2003),
changes in plankton community structure initiated after
the establishment of fish cage-culture were associated
with the quantity of nutrients in the water. Thisincrease

in the quantity of nutrients caused an increase in
phytoplankton biomass, resulting in a high biomass of
herbivorous invertebrates (e.g., cladocerans).

Despite the ecological impact of fish cage-culture
on the environment, few studiesinvestigated that (Demir
etal., 2001; Jwyam & CHAREONTESPRASIT, 2001; Y1YONG et
al., 2001; Guo & Li, 2003; Asery €t al., 2005; ALves &
Baccarin, 2005; Hakanson, 2005; NEeoriTou &
KrLaoupatos, 2008; Santos et al., 2009; Borces €t al.,
2010). Thisis probably related to a greater concern for
food production than for the conservation of water
resources. This concern about food production was
clearly observed in Brazil in 2003 when the Brazilian
government supported improved fish cage-culture
practices in public waters.

Spatial and temporal variation in zooplankton
abundance was investigated according to physical and
chemical variables and food resource availability
(bacteria, ciliates, heterotrophic flagellates and
phytoplankton communities) following the establishment
of fish cage-culture in a tropical reservoir. We
hypothesized that zooplankton abundanceis greater near
cages and increases with time following cage
establishment due to the increase in food availability.
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MATERIAL AND METHODS

Study area. The study was carried out in the
lacustrine zone of a lateral arm of Rosana reservoir
(Paranapanemariver, Paranariver basin) in southern Brazil
(22°36' S, 52°52' W; Fig. 1). Thisreservoir hasan area of
220 km?, withtotal length of 116 km, volume of 1,920 10°
km?® and annual average flow of 1,203 m®s™. It shows a
flooded area of 27,600 ha and theoretical residence time
of water of 18.6 days (CESP, 1998).

The banks of the lateral arm are covered by
grasses, predominantly sugar cane. Egeria najas, E.
densa (Hydrocharitaceae) and Eichhornia azurea
(Pontederiaceae) stands were distributed throughout the
littoral region. The farm site was characterized as an
oligotrophic environment (total nitrogen, 445-881 g™,
and total phosphorus, 9-25 pg I™%). The maximum depth
was 10 m. Dissolved oxygen concentration varied
between 6.27-8.81 mg I and pH was neutral, while
turbidity varied between 4.16-10.50 NTU during the
study. The temperature varied between 20.3-28.5°C and
the chlorophyll-a varied between 0.5-6.1 ug I™*. The
main phytoplankton groups were Chlorophyceae,
Cyanobacteriaand Bacillariophyceae.

Field sampling. For the experiment, fifteen net cages
wereingtaled for theexperimenta cultivation of Niletilapia
(Oreochromisniloticus Linnaeus, 1758) inthelateral arm
of thereservoir. The cagesweretransversally settled into
three sets of five, with different densities of fish storage
for each set (50 kg m®or 100 fishm®, 75 kg m or 150 fish
m?3, and 100 kg m™ or 200 fish m®). The cages had
dimensions of 2 x 2 x 1.7 m and 6.0 m® of volume. They
were established at an approximate distance of 4.7 km
from the reservoir. The fish were fed three times per day
and the amount of food provided was adjusted according
to temporal changesin biomass and growth of thefishin
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the cages (<100 g wet weigth, 10% of extruded commercial
food; 100150 g, 5%; 160-300 g, 3%; 300-500 g, 1%).
The diet was composed by 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).

The experimental design consisted of seven
sampling stations at three different sites. Three sampling
stationsnear farm site (S1, S2, S3), two sampling stations
upstream the farm site (100 and 400 m distant from the
cages, S6 and S7) and two sampling stations downstream
the farm site (100 and 400 m distant from the cages, $4
and S5). The sampling stations upstream the farm site
were considered control stations.

The first sampling (TO) was performed one week
before the installation of fish cages (one near the farm
site, two upstream and two downstream). These samples
were considered as reference samples according to the
temporal scale. After the beginning of the fish cage-
culture, seven sampleswere collected (three near thefarm
site, two downstream and two upstream). From all the
sampling stations, three replicate samples were taken.
These samples were collected over 120 days, between
April and August 2006, and they were obtained from 15
days (T1), 30 days (T2), 60 days (T3), 90 days (T4) and
120 days (T5) after the beginning of fish cultivation.

Zooplankton was sampled at the subsurface of each
sampling station using a motorized pump and plankton
net (68 mm). For each sample, 200 liters of water were
filtered through the net. The samples were preserved in
formaldehyde (4%) solution, buffered with calcium
carbonate.

Thebacteria, heterotrophic flagellates, ciliatesand
phytoplankton communities (food availability) were also
sampled according to the same experimental design at
subsurface using plastic bottles. Bacteria and flagellates
samples were preserved using a solution compounded
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Figure 1. Study area with the location of sampling stations in Guairaca river in the lacustrine region of Rosana reservoir, southern Brazil.
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by akaline Lugol, formalin and sodium thiosulfate (SHErRR
& SHERR, 1993). Ciliates sampleswere kept in the cool er
until laboratorial procedure. Phytoplankton sampleswere
preserved in 1% Lugol’s solution.

Depth (m), temperature (°C), dissolved oxygen
concentration (mg1™) (Y SI Model 55-12FT), conductivity
(S cm™) (Digimed conductivimeter), pH (Digimed
pHmeter), turbidity (NTU) (portabledigital turbidimeter)
and total alkalinity (mEq I"*) were measured at each
sampling station (Carmouze, 1994). Water samples were
collected by means of 5 liters van Dorn bottle and kept
under refrigeration for posterior analysis in laboratory.

Laboratory analyses of nutrients and planktonic
communities. In the laboratory, the concentrations of N-
nitrate (ug 1) (GINe et al ., 1980), ammonia (ug I™) and P-
phosphate (ug 1) (MackereTH et al., 1978) were
measured from refrigerated samples.

Rotifer, cladoceran and copepod species were
identified using an optical microscope and specialized
literature. Total zooplankton abundance and the abundances
of each group were estimated by three subsamples obtained
with a Hensen-Stempell pipette (2.5 ml), and at least 50
individualsfrom each group were counted in a Sedgewick-
Rafter chamber under an optical microscope according to
BorreLL et al. (1976). Sampleswith low abundanceswere
totally analyzed. All abundances were expressed as
individuals per cubic meter (ind m’®).

For enumeration of bacteria (0.2—2 um) and
flagellates (2—20 um), water samples were stained with
DAPI (4,6 - diamidino-2-phenylindole: 0.001% final
concentration). Concentration was by gentle vacuum
filtration (< 15 cmof Hg) onto 0.2 um (bacteria) and 0.8im
(flagellates) Nucleopore polycarbonate black membranes.
Thefiltered volumeranged between 0.1-1.5ml for bacteria
and 5-15 ml for flagellate. Up to 400 bacteriaor 50 fields
and between 100-300 flagellates or 100 fields per sample,
randomly distributed on the filter, were counted with
epifluorescence microscope at 1000 x magnification.
Bacteria and flagellates abundances (cells ml™) were
measured by UV light (white-blue-fluorescence).
Pigmented and heterotrophic flagellates were
differentiated by filter set which provided blue excitation
(resulting in red autofluorescence by pigmented and green
fluorescence by heterotrophic organisms). Heterotrophic
flagellates abundance was the difference between total
flagellates abundance and pigmented flagellates.

Ciliatesabundance (cells|™) wasdetermined in vivo
through counting twenty aliquots of 25 ml which were
observed in optic microscopy, and the phytoplankton
abundance (ind ml™*) was estimated by counting at
random fields using inverted microscope, according to
UTerMOHL (1958).

Statistical analysis. To analyze the spatial and
temporal ordination of the physical and chemical variables
(depth, turbidity, pH, total alkalinity, conductivity,
temperature, dissolved oxygen, nitrate, anmonia and
phosphate), a Principal Component Analysis (PCA) was
applied. The significant axes were established according
to the Broken-Stick criteria, proposed by Jackson (1993).
Thedataused werelog transformed (log x+1), except for
pH. The PCA analysis was undertaken using PC-ORD
software version 4.01 (McCune & Merrorp, 1999).

The significance of mean variation of zooplankton

abundance among different sampling stations and
sampling periods was evaluated using a two way
Analysisof Variance (ANOVA) (SokaL & RoHLF, 1991),
followed by a Tukey’s test to identify significant
differences (p<0.05) among the means. Thedatawerelog
transformed (log x+1) and the sites were grouped
according to thefollowing categories: upstream, farm site
and downstream. These analyses were carried out using
Statisticasoftwareversion 7.1 (Sratsort, 2005).

The influences of food availability (abundance of
bacteria, heterotrophic flagellates, ciliates and
phytoplankton) and the physical and chemical variables
(PCA scores) on zooplankton abundance were eval uated
using a Multiple Regression Analysis (SokAL & RoHLF,
1991). The dataused werelog transformed. Thisanalysis
was carried out using Statistica software version 7.1
(SratsorT, 2005).

RESULTS

Limnological variation. The PCA 1 and PCA 2 axes
explained 58.26% of the spatial and temporal distribution
of the physical and chemical variables (Tab. I). The PCA
1 axis(36.08%) showed the negativeinfluence of nitrogen,
phosphorus and dissolved oxygen, and positive influence
of pH, turbidity, temperature and conductivity on the
environmental conditions. The PCA 2 axis (22.17%) was
positively related to dissolved nitrogen and phosphorus,
and negatively related to dissolved oxygen (Figs 2-4).

The PCA 1 axis scores showed clear temporal
variation of the environmental condition observed in the
experiment; the opposite could be observed in the spatial
variation. In the T1 and T2 sampling periods, the values
of pH, temperature, turbidity and conductivity varied in
contrast to the values of dissolved nitrogen, phosphorus
and oxygen. Contrastingly, in the other sampling periods,
we observed lower values of pH, temperature, turbidity
and conductivity and higher values of dissolved nitrogen,
phosphorus and oxygen (Figs 2-4).

The PCA 2 axis scores also pointed to a clear
temporal difference between TO and the T4 and T5
sampling periods. Before the beginning of the experiment
(T0), the environment presented high values of dissolved
nitrogen and phosphorus and low values of dissolved
oxygen. At the end of the experiment (T4 and T5), the
environment also presented high values of these nutrients
and high values of dissolved oxygen (Figs 2-4).

Abundance of bacteria, heterotrophic flagellates,
ciliates and phytoplankton communities. An increase in
the mean values of bacteria abundance was recorded 15
daysbeforethenet cagesinstallation (T1), with aposterior
decrease until the end of the experiment (T5).
Heterotrophic flagellates presented greater abundance
(T1) at the same time of the bacteriacommunity and also
decreased until the end. Otherwise, the ciliate abundance
increased during the experiment and this community
presented a peak at 90 days (T4) after the beginning of
the experiment (Tab. 1), see Pereira (2008).

The phytoplankton community showed an increased
at 30 days (T2) after the net cages installation and an
expressive decreased in the end of the experiment (T5)
(Tab. I). The most abundant groups were Cyanobacteria
and Cryptophyceae, see Borces et al. (2010).
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Table |. Spatial and temporal variation in environmental variables, bacteria, flagellates, ciliates and phytoplankton abundance registered in
the Guairaca river, southern Brazil (Alka., alkalinity; Bact., bacteria; Cilia., ciliate; Cond., conductivity; DO, dissolved oxygen; Flag.,
flagellates; Phyt., phytoplankton; TDN, total dissolved nitrogen; TDP, total dissolved phosphorus; Turb., turbidity; TO, reference time; T1,
15 days; T2, 30 days; T3, 60 days; T4, 90 days; T5, 120 days following establishment of cage-culture; WT, water temperature).

Variables Sampling Stations
Upstream Farm site Downstream
Depth (m) 38-87 55-94 45-100
Turb. (NTU) 43-97 4.4 -105 42 -82
pH 6.9 — 8.6 6.9 -8.1 7.0-88
Alka. (mEq 1) 383.2 — 551.6 398.2 — 449.4 331.7 — 462.2
Cond. (US cm™) 57.8 — 71.0 58.5 — 67.2 58.2 — 70.7
WT (°C) 20.3 - 285 223 -27.0 21.7 - 28.0
DO (mg 1Y) 6.6 — 8.8 6.3-8.1 6.4 — 8.8
TDN (ug 1) 257.6 — 363.7 225.2 — 387.8 214.3 — 374.4
TDP (ug I") 32-10.6 35-97 29-130
Bact.(10° cells ml™?) 1.3-83 1.2 -10.0 09 -6.6
Flag. (10° cells ml™) 0.3 -57 0.6 — 6.2 0.7 - 3.8
Cilia (10%cells I'Y) 05-85 05-135 05-145
Phyt. (10% ind ml™) 3.3 -40.0 8.2 —43.0 41 -840
Variables Sampling Periods
TO0 T1 T2 T3 T4 T5
Depth (m) 55-85 6.0 -95 5.6 — 10.0 53-94 4.0 - 10.0 38-98
Turb. (NTU) 6.3-78 54 -97 45 -10.5 43 -6.5 4.4 -5.0 42 -52
pH 73-74 7.7-178 7.1 -838 69-72 6.9 -73 7.1-77
Alka. (mEq I 416.8 — 429.9 398.2 — 456.5 331.7 — 464.7 383.2 — 551.6 350.4 — 439.7 383.1 — 550.3
Cond. (uS cm™) 57.8 - 59.1 59.3 - 67.0 58.6 — 71.0 58.2 - 59.1 58.5 — 61.7 57.9 - 63.7
WT (°C) 26.0 — 26.2 255 - 26.7 232 -285 234 -244 21.7 - 243 20.3 - 233
DO (mg 1) 6.3-7.7 6.7-72 69-79 6.7-73 7.2 -838 8.0 -88
TDN (ug 1) 358.9 — 387.8 214.3 — 325.6 253.9 — 310.8 298.4 — 336.3 289.1 — 334.1 251.1 — 3125
TDP (ug I") 82-97 32-63 3.3-130 35-116 2.9 - 10.6 34-79
Bact.(10° cells ml™?) 1.7-43 2.8 -10.0 1.2-69 09 -83 13-41 1.0-25
Flag. (10° cells ml™) 03-21 11-6.2 10-21 1.3-40 0.7 - 2.7 11-42
Cilia. (10%cells 1Y) 05-45 05-85 05-65 05-70 35-145 20-11.0
Phyt. (10? ind ml™?) 40 -115 7.6 —84.0 33-373 9.5-39.9 9.8 —43.0 7.4 —19.0
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Figures 2-4. Dispersion scores from the Principal Component Analysis (PCA) in Guairaca river, Rosana reservoir, Paranapanema river,
southern Brazil: 2, physical and chemical water variables; 3, spatial variation; 4, tempora variation (Alka., akalinity; Cond., conductivity;
DO, dissolved oxygen; TDN, total dissolved nitrogen; TDP, total dissolved phosphorus; Turb., turbidity; WT, water temperature).
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Community abundance. Zooplankton abundance
ranged between 16,672 and 460,050 ind m™ during the
experiment, and rotifers were the most abundant group,
followed by cladocerans, calanoid copepods and
cyclopoid copepods. The most abundant zooplankton
speciesarelisted intablell .

The highest mean zooplankton abundance, and the
greatest variation, was observed at S7 station (reference
site). The lowest abundance was recorded at S3 station.

At the other sampling stations, the mean abundance
valueswere similar. Cladoceran and copepod abundances
were responsible for the spatial zooplankton abundance
distribution in the experiment (Fig. 5).

The cladoceran abundance (668 — 61,500 ind m®)
showed the highest mean values at the S7 station
(reference site), where the greatest variation was also
observed. Their lowest mean values were observed at
the S2 and S3 stations. Calanoid (5— 28,500 ind m®) and
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Figure 5. Abundance of total zooplankton and principal groups recorded in different sampling stations in Guairaca river, Rosana reservoir,

S6 S7-S-1 S2 S3-S4 S5
Sampling stations

Paranapanema river, southern Brazil (symbol, mean; bar, standard error).
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cyclopoid (0—6,900 ind m®) were al so more abundant at
the S7 station, where also observed the highest
abundance variation of the latter copepods. The lowest
abundance mean values of calanoid occurred at the S5
station, and cyclopoid, at S1 and S2 stations. The nauplii
and copepodids (calanoid and cyclopoid) dominated the
copepods abundance during the experiment. Finally, the
rotifer abundance (709 — 172,800 ind m®) showed the
highest mean values at $4, and the lowest at S6 station.

The variation in abundance for this group was greater
within each station than among them (Fig. 5).

Temporal variationin total zooplankton abundance
and zooplankton group abundance was also observed
during the experiment. The abundances revealed an
increase for the first 15 days (T1), and, afterwards, a
reduction was observed. Other increases in zooplankton
abundance were observed during T4 sampling period,
mainly dueto therotifer contribution (Fig. 6).
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Figure 6. Abundance of total zooplankton and principal groups recorded in different sampling periods in Guairac river, Rosana reservair,
Paranapanema river, southern Brazil (symbol, mean; bar, standard error; TO, reference time; T1, 15 days; T2, 30 days, T3, 60 days; T4,

90 days; T5, 120 days following establishment of cage-culture).
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Therotiferspresented high mean abundance during
T1and T5sampling periods, whilelow valueswere verified
during TO (reference time) and T2 sampling periods. The
cyclopoid copepods (young and adult stages), and the
young calanoids also presented a peak of abundance
during T1 sampling period, with a posterior and gradual
reduction until the end of the experiment. Cladoceran and
calanoid adultswere abundant during T2 sampling period
and after that gradually reduced (Fig. 6).

The ANOVA indicated significant differences
(p<0.05) among mean abundances of rotifersat different
sites (upstream, farm siteand downstream; d.f.=2, F=4.37,
p=0.015) and sampling periods(d.f.=5, F=231.66, p<0.001).

Multiple Linear Regression. The zooplankton
abundance model (adjusted R®=0.46) suggested the
influence of PCA 1, PCA 2 and phytoplankton
abundance. Zooplankton abundance was positively
correlated with PCA 1 and phytoplankton abundance, and
negatively correlated with PCA 2. Among these variables,
the PCA scores reveded the greatest contribution to the
model (partia corrdlaionfor PCA 1=0.51; PCA 2=-0.44).

Table II. Most abundant species of rotifers, cladocerans and copepods
registered in Guairacé river, Rosana reservoir, Paranapanema river,
southern Brazil, with their respective abundance values (minimum
and maximum/ind m®).

Furthermore, significant differences were also observed Species Abundance
intota zooplankton abundance (d.f. =5, F=83.74,p<0.001)  Rotifers
and cladoceran abundance (d.f.=5, F=36.20, p<0.001). Synchaeta pectinata Ehrenberg, 1832 0 — 154,800
Other abundance results were not tested due to the fact S. oblonga Ehrenberg, 1832 0 — 57,955
that ANOVA assumptions were not reached. Conochilus coenobasis (Skorikov, 1914) 0 — 26,700
The Tukey’'s test indicated that the mean Polyarthra dolichoptera Idelson, 1925 0 - 12,183
abundance of rotifers was significantly different among Conochilus unicornis Rousselet, 1892 0-19,180
the three sites of the experiment. Temporally, their mean  Cladocerans
abundance was similar between T1 and T5, and T3 and Ceriodaphnia cornuta Sars 1886 0 — 36,900
T4 sampling periods. Total zooplankton abundance Moina minuta (Hansen, 1899) 0 - 16,573
indicated a significant variation among all sampling Bosmina hagmanni Stingelin, 1904 0 — 11,400
periods, with the exception of T2 and T5 sampling periods. Ceriodaphnia silvestrii Daday, 1902 0 — 17,700
The mean cladoceran abundance was similar among all ~ Copepods
sampling periods, with the exception of T2 sampling Notodiaptomus amazonicus (Wright, 1935) 0 — 13,200
period (Fig. 7). Thermocyclops decipiens Kiefer, 1929 0 - 3,300
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Figure 7. Comparison of mean abundance of total zooplankton, rotifers and cladocerans among different sampling periods and mean
abundance of rotifers among different regions, in Guairaca river, Rosana reservoir, Paranapanema river, southern Brazil, according to
ANOVA results and Tukey's test. The numbers (I, II, Il1, 1V, V, VI) indicate significant differences through Tukey’s test (p<0.05).
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The other variables revealed smaller contribution (partial
correlation for abundance of phytoplankton = 0.25). The
following model was obtained: Zooplankton=9.83792 +
0.20762 (PCA 1)—0.21128 (PCA 2) +0.24412 (phytoplankton).

The second model showed that rotifer abundance
wasinfluenced by scoresderived from PCA 2 and abundance
of heterotrophic flagellates and phytoplankton (adjusted
R?=0.46). Rotifer abundance wasnegatively correlated with
PCA 2 and positively correlated with the abundance of
heterotrophic flagellates and phytoplankton. The most
important variablesfor themodel were PCA 2 scores (partial
correlation =-0.57) and abundance of phytoplankton (partial
correlation=0.23), while abundance of heterotrophic
flagellatesrevea ed asmaller contribution (partial correlation
=0.20). Theproposed modd was: Rotifers=1.32372—0.58072
(PCA 2) + 0.20546 (heterotrophic flagellates) + 0.43638
(phytoplankton).

This analysis was not performed for cladoceran
and copepod abundance since the assumptions of
multiple linear regression were not reached.

DISCUSSION

Zooplankton abundance was high upstream
(referencesite), low near farm site, and tended to increase
downstream. These results suggested the impact of the
fish farming on the structure of thiscommunity. Otherwise,
Demir et al. (2001) observed high zooplankton
abundances near cage-culture and low abundances
upstream inaTurkish reservoir. Their study showed high
values of ammonia, nitrate and phosphate near to the net
cages, which was not observed in our study.

The spatial variation in zooplankton abundance
was defined by microcrustacean abundance. Copepods,
mainly calanoid, presented high abundances upstream
(reference site) and low downstream. These indicated an
impact of the fish farming on the copepods abundance
as observed to the zooplankton abundance. Copepods
calanoids can feed on bacteria, small food particles and
algae (20 um) (MATsumurA-TunbIsl & Tunbisi, 2005) and
the bacteria and phytoplankton communities showed a
similar spatial variation of these copepods.

Cladoceran abundance also contributed to the
spatial zooplankton abundance variation. These
microcrustaceans presented high abundance in the
reference site (upstream) and low near the farm site and
downstream, as observed by Santos et al. (2009) in the
Furnas hydroelectric reservoir (state of Minas Gerais,
Brazil). The authors attributed these results to the impact
of fishfarming. Guo & L1 (2003) found different resultsin
a Chinese reservoir, where these microcrustaceans
presented high biomass near net cages, and related to
the nitrogen and phosphorus influence at the net cages,
asobserved by Demir et al. (2001). Theseinfluenceswere
not verified in our study.

Rotifersalso contributed to the zooplankton spatial
abundance variation, mainly downstream from farm site.
This group presented high abundance in this stretch and
near the farm site, as shown by the ANOVA and Tukey’s
test results. In this way, the fish farming appeared to
favor the rotifer population growth. Studies carried out
by Guo & L1 (2003) also showed high abundance of these

organisms near cage-culture, and related these results to
increases in nutrient concentrations. This influence was
not verified in our study.

Otherwise, the spatial abundance variation of rotifer
was related to the spatial abundance variation of the
heterotrophic flagellates (Pereira, 2008) and
phytoplankton, mainly Cryptophyceae (Borces et al.,
2010). According to ArRNDT (1993), rotifers can feed on
bacteria, heterotrophic flagellates and small ciliates.
NocuEira (2001) added that rotifer is the most abundant
smaller filtering group in freshwater environments due
their capacity to ingest smaller food particles, as also
showed by Lansac-ToHA et al. (2005) in tropical
reservoirs. Theregression model evidenced asignificant
and direct relationship between rotifer abundance and
heterotrophic flagellate (partial correlation = 0.20) and
phytoplankton abundances (partial correlation=0.23).
Some studies stated the importance of heterotrophic
flagellates as food resources for the rotifers (Paterson et
al., 1997; Auer et al., 2004).

Thephysical and chemical variablesshowed aclear
temporal variation which could characterize the
experimental area. The PCA 1 scores, which explained
the greater limnological variation (36.08%), showed a
sampling group with the beginning of the cage-culture
(15" and 30" sampling days) and a group with others
days. These results suggested a high primary production
in the beginning (high values of pH, turbidity and low
values of dissolved nitrogen and phosphorus). It was
observed a positive significant relationship between
zooplankton abundance and PCA 1 scores probably due
to the increased primary production.

According to the distribution of PCA 2 scores, it
was possible to distinguish the reference sampling time
(TO) and the last sampling day (120" sampling day). The
PCA groups were distinguished by higher nutrients
concentration and low values of dissolved oxygen in the
reference time and in oppositein the end. Phytoplankton
abundance increased 15 days after the reference time
(Boraes et al., 2010), when the nutrients decreased. At
this time the rotifers abundance increased and it was
observed a negative significant relationship between
these organisms and the nutrients concentration (PCA
2), which were used to the primary production.

The temporal variation in zooplankton abundance
increased according to the increased primary production
at 15 days after the beginning of the experiment (T1).
This high abundance was due to the contribution of
rotifers and cyclopoids (young and adults) and young
calanoids. A peak of zooplankton, mainly rotifer
abundance, observed on the 15" day was coincident with
anincreasein the phytoplankton, mainly Cryptophyceae,
and heterotrophic flagellates abundance (Pereira, 2008;
BorgEs et al., 2010). The relationship between these
groups has been discussed in the literature (ArnDpT, 1993;
PaTersoN et al., 1997; Auer et al., 2004), and inthe present
study, a significant relationship was evidenced by the
regression analysis.

The community permanencein the areawasrelated
to the cladoceran and adult calanoid numerical
contribution, although in low abundances. At this time,
Cyanobacteria were dominant in phytoplankton
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community (Borces et al., 2010). Several studieshavealso
verified the negative effect of Cyanobacteria on the
zooplankton community (HANey, 1987; LamperT, 1987;
DeMorT, 1999; GHapouan €t al., 2003; LerLaive & Ten-
Hace, 2007). Thus, the maintenance of zooplankton
abundance during the Cyanobacteria bloom indicates that
the community must have used other food resources, such
as bacteria and heterotrophic flagellates. STARKWEATHER &t
al. (1979) and MEeLAo (1999) stated that bacteria and
nanoflagellates are important alternative food resources to
rotifers in reservoirs. Although, the relationship between
the abundances of these food resources and
microcrustaceans was not analyzed due to the assumptions
of multiplelinear regression were not reached.

At the end of the experiment, zooplankton
abundance was again best represented by rotifers, when
phytoplankton and heterotrophic flagellate abundance
also increased. BorgEs et al. (2010) showed again an
increased of the Crytophyceae at this time. This result
was also made apparent by the regression analysis. A
direct and significant relationship between zooplankton
abundance and phytoplankton abundance (partial
correlation=0.25) was observed, as highlighted by
Tukey’s test showing differences in zooplankton
abundance over time.

Another relationship observed in terms of
community structure was the decrease in rotifer
abundance at the same time as a peak in cladoceran
abundance, indicating a competition between these
groups, mainly by Cryptophyceae (BorcEs et al., 2010).
In this period, cladocerans were more abundant than
rotifers, due to the great abundance of small-sized
cladocerans such as Ceriodaphnia cornuta Sars, 1886
and Bosmina hagmanni Stingelin, 1904. Brooks &
Dobson (1965) suggested that filter-feeding zooplankton
competefor asimilar sizeof food (1-15 um) (thesizesize-
efficiency hypothesis) and GiLeert (1988) added that the
size structure of cladocerans can control rotifer
dominancein agquatic communities.

Our hypothesis was partially rejected because
zooplankton was abundant at the reference site. Only
rotifers showed higher abundance near the cage-culture
due to the influence of the food availability. But, the
dynamic of the community during the experiment was
alsorelated to thefood availability. The results suggested
the impact of the fish farming on the zooplankton
community. Thiswas pointed by the rotifers answers to
the changes on the food availability and by the
competition among the zooplankton groups. This biotic
interaction influenced the structure of the community.

The spatial and temporal variation of the physical
and chemical variables presented an indirect relationship
to the structure and dynamic of the zooplankton
community because this variation indicated the primary
production in the environment.
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