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Abstract

This study aimed to evaluate nutrients concentration and spatial-temporal changes in phytoplankton biovolume during an
experimental fish culture in net cages in a lateral arm of Salto Caxias reservoir, Brazil. Two sampling stations were placed
in the affected lateral arm and other two in a cageless lateral arm. Neither abiotic variables nor phytoplankton biovolume
presented significant differences between the treatments. Only temporal changes were confirmed by the analysis performed.
Both lateral arms were classified as oligotrophic, reflecting low influence of the net cages. Phytoplankton growth seems to
be limited by nitrogen. Biovolume values were, in general, low and five major functional groups were recognized (E, F,
G, K and P). In summer higher biovolume values were observed and representatives of Chlorophyceae and Cyanobacteria
belonging to the functional groups F and K, respectively, were the most important. In winter phytoplankton was mainly
composed by Bacillariophyceae taxa from P group. G group was also restricted to winter and E group occurred in winter
and summer. The variations recorded in phytoplankton structure appear to have been mainly influenced by seasonal changes
in temperature, precipitation and nutrients availability. The effects of net cages on the abiotic variables and phytoplankton
biovolume appear to have been small, probably due to the small number of net cages employed and the system dilution
capacity. However, a permanent monitoring of phytoplankton is recommended, since this environment has a carrying
capacity, from which the trophic state may increase.

Keywords: biovolume, environment impact, fish cultivation, functional groups, nutrients concentration.

Resposta do fitoplancton ao cultivo experimental de peixes em
tanques-rede em um reservatorio subtropical

Resumo

Este estudo objetivou avaliar alteragdes nas variaveis abidticas e no biovolume fitoplanctonico durante o cultivo
experimental de peixes em tanques-rede em um braco lateral do reservatorio de Salto Caxias, Brasil. Foram selecionadas
duas estagdes de amostragem no brago com tanques-rede e outras duas em um brago sem tanques. As variaveis abioticas
e o biovolume fitoplanctonico ndo apresentaram diferencas significativas entre os locais estudados. Apenas mudancas
temporais foram confirmadas pelas analises utilizadas. Os dois bragos laterais foram classificados como oligotréficos,
refletindo a baixa influéncia dos tanques-rede. O crescimento do fitoplancton parece ter sido limitado principalmente
por nitrogénio. Os valores de biovolume foram, em geral, baixos e cinco principais grupos funcionais foram observados
(E, F, G, K e P). No verdo, os maiores valores de biovolume foram observados e representantes de Chlorophyceae e
Cyanobacteria dos grupos funcionais F e K, respectivamente, se destacaram. No inverno, o fitoplancton foi composto
principalmente por taxons de Bacillariophyceae do grupo P. O grupo G também foi restrito ao inverno ¢ o grupo E ocorreu
no inverno e verdo. As variagdes registradas na estrutura do fitoplancton parecem ter sido principalmente influenciadas
pelas mudangas sazonais de temperatura, precipitagdo e disponibilidade de nutrientes. Os efeitos dos tanques-rede sobre
as variaveis abiodticas e biovolume fitoplanctonico parecem ter sido pequenos, provavelmente devido ao pequeno niimero
de tanques utilizados ¢ a capacidade de dilui¢do do sistema. Entretanto, o monitoramento permanente do fitoplancton ¢
recomendado, uma vez que este ambiente possui uma capacidade de suporte, a partir da qual o estado tréfico pode aumentar.

Palavras-chave: biovolume, impacto ambiental, cultivo de peixes, grupos funcionais, concentra¢ao de nutrientes.
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Response of phytoplankton to fish farming

1. Introduction

Fish cultivation in net cages has been stimulated by the
Brazilian government policies by consider it an alternative
to food production (Alves and Baccarin, 2007). Moreover,
the environmental agencies and hydroelectric companies
consider this activity an alternative to reduce pressure on
natural stocks and generate work for artisanal fishermen
(Agostinho et al., 2007; Dias et al., 2012).

However, this culture system can generate impacts
on biological communities and water quality due to the
nutrients input into the system, particularly phosphorus
and nitrogen, resulting in eutrophication (Guo et al., 2009;
Borges et al., 2010; Gorlach-Lira et al., 2013). Changes in
the phytoplankton community composition and increase in
biovolume, particularly Cyanobacteria, have been widely
recorded in reservoirs and represents a global problem for
these environments (Diaz et al., 2001; Figueredo and Giani,
2005; Burford and O’Donohue, 2006; Borges et al., 2010).

Despite several studies on the ecology of phytoplankton
in tropical and subtropical reservoirs (Silva et al., 2005;
Fonseca and Bicudo, 2011; Teixeira de Oliveira et al.,
2011; Lopez et al., 2012; Dantas et al., 2012; Hu et al.,
2013), few have focused on the effects of fish farming in
net cages on phytoplankton community. These effects are
directly dependent on the magnitude of the production
system and environment carrying capacity. In general,
reduction of water transparency and increase of nitrogen,
phosphorus, conductivity and phytoplankton density, mainly
Cyanobacteria, were observed (Figueredo and Giani, 2005;
Guo et al., 2009; Borges et al., 2010; Sipauba-Tavares et al.,
2014). However, increase in water transparency and decrease
in phytoplankton biomass, substantially Cyanobacteria,
was recorded by Torres et al. (2016) due to grazing by the
omnivorous filter-feeding fish Nile tilapia (Oreochromis
niloticus Linnaeus, 1758). Therefore, the impacts caused
by fish cultivation on the environment and phytoplankton
have not been fully elucidated yet, requiring further studies
to understand its real effects.

Besides the availability of nutrients, phytoplankton
composition and biovolume are also influenced by other
factors such as temperature, light, stability of the water
column and variations in the level of the reservoir due to
the dam operation (Nogueira, 2000; Borges et al., 2008;
Becker et al., 2010). Thus, phytoplankton can be used as
an efficient tool to investigate spatial and temporal changes
in reservoirs (Reynolds et al., 2002; Padisék et al., 2006),
allowing an effective knowledge of the environment
conditions (Brasil and Huszar, 2011; Dantas et al., 2012),
such as succession and eutrophication processes.

The approach by grouping phytoplankton in functional
groups, proposed by Reynolds et al. (2002) and improved
by Padisak et al. (2009), has been widely used worldwide
in ecological and monitoring purposes (Becker et al., 2010;
Xiao et al., 2011; Crossetti et al., 2013). Since species
are grouped according to their morpho-physiological
features, it is expected that these groups will respond, for
example, to changes in the mixing regime and nutrients
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availability, simplifying the complexity of the ecosystem
(Salmaso et al., 2015).

The present study aimed to analyze spatial and
temporal variations of abiotic variables and phytoplankton
biovolume in an experimental system of fish farming in net
cages. The tested hypotheses were that the fish cultivation
(i) reduces water transparency and dissolved oxygen
(ii) increases nutrient concentrations and (iii) increases
phytoplankton biovolume, especially Cyanobacteria and,
consequently, changes the trophic state.

2. Material and Methods

Salto Caxias reservoir is the last in a cascade of five
large impoundments in Iguagu River, a 1,320 Km long river
and one of the most important tributaries of Parana River.
The reservoir has 142 Km? of surface area and 3,573 Km?
of volume. Water residence time is estimated in 32.5 days
and shows a dendritic pattern of margin development
(Ribeiro et al., 2005). The Iguacu River basin has a wet
subtropical climate (Cfa), with well-defined seasons along
the year. Rainfall is usually well spread throughout the year,
however it is fewer in autumn and winter than in spring
and summer. The average annual rainfall ranges from
1,600 to 1,800 mm and the average annual temperature
is 19-20 °C (Maack, 2002).

This study was carried out in two lateral arms located
on the right-hand margin of the reservoir’s transition region
(Figure 1). The larger arm is comprised by the Jacutinga
River and the smaller one by an unnamed stream. The area
surrounding the reservoir is dominated by grasslands and
small areas of secondary forest, with small rural properties
and the predominance of family farming (Lima et al., 2005).

The study was accomplished in an experimental net
cages cultivation of silver catfish (Rhamdia voulezi) and
surubim do Iguagu (Steindachneridion melanodermatum).
In the limnetic zone of the first arm three sets of ten net
cages were transversally settled, each one with 4 m* and
60 adult fishes. Fishes were fed with a floating feed (32% of
protein, 1.5% of phosphorus and 5.2% of nitrogen) twice a
day using the technique of supply ad libidum. The second
arm, comprised by the Jacutinga River, was considered
without influence of the net cages. Two sampling stations
(N1 and N2) were stablished beside the sets of net cages
and around 200 m apart from each other. Two another
stations were placed in the cageless arm (C1 and C2) and
also at 200 m apart from each other.

Samples were taken at the subsurface (20 cm depth)
in the limnetic region, bimonthly from September 2010
to July 2011. Phytoplankton samples were preserved
using Lugol’s solution. Water temperature (WT) and
dissolved oxygen (DO) were measured with portable
digital potentiometers. Euphotic zone (Z_ ) was calculated
as 2.7 times the Secchi disk depth (Cole, 1994). Euphotic
zone:maximum depthratio (Z_:Z ) was used as an index of
light availability in the water column. Turbidity (Turb), pH
and concentrations of dissolved total phosphorus (P-DTP;
Mackereth et al., 1978), soluble reactive phosphorus
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Figure 1. Map showing the localization of the sampling stations in Salto Caxias Reservoir (N1 and N2: lateral arm with net

cages, C1 and C2: lateral arm without net cages).

(P-SRP; Mackereth et al., 1978), nitrite (N—NOzf; Strickland
and Parsons, 1972) and ammonium (N-NH,"; Koroleff,
1976) were determined. Wind speed values (Win), air
temperature (AT) and precipitation (Pre) were provided by
the Meteorological Institute of Parana (Simepar) and records
were obtained from Salto Caxias station. In statistical and
multivariate analysis we used, for rainfall, the sum of the
three days preceding the sampling, since phytoplankton
presents a rapid response to environment changes.
Dissolved inorganic nitrogen (DIN) was calculated
as the sum of nitrite and ammonium and DIN:SRP ratio
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was used as an index to estimate nutrient limitation for
phytoplankton growth in the systems (Kosten et al., 2009).
If DIN:SRP ratio < 13 it is considered limited by N; and
above 50 it is limited by P.

Phytoplankton density was estimated according
to Utermohl (1958) and biovolume by multiplying the
density of different taxa by their respective volumes, as
recommended by Sun and Liu (2003). Trophic state was
determined following the Vollenweider (1968) criteria.
Species with contribution higher than 1% to the total
phytoplankton biovolume were grouped in Functional
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Groups (FG) according to Reynolds et al. (2002) and
Padisak et al. (2009).

Nonparametric tests were used to test significant differences
in the abiotic variables. A Wilcoxon-Mann-Whitney test was
applied to test significant differences between the treatments
(locals with and without net cages) and a Kruskal-Wallis
test was applied to test significant differences between
seasons (winter — September 2010, May and July 2011
and summer — November 2010, January and March 2011).
The same analysis was also applied to test significant
differences in biovolume and functional groups values.
These analyses were performed using R software, packages
vegan and agricolae (R DEVELOPMENT CORE TEAM,
2008). The relationships between the abiotic data and
phytoplankton biovolume were analyzed through canonical
correspondence analysis (CCA; Ter Braak, 1986) using
Pc-Ord 4.0 (MacCune and Mefford, 1999). Previously a
principal component analysis was performed to choose the
most important variables and avoid collinearity. Species
with contribution > 1% per sampling were used in CCA.
Abiotic and biotic data were transformed by log x + 1.

3. Results

No significant differences in the abiotic variables were
observed between the treatments (local with and without
net cages), however significant temporal differences
occurred in water temperature, dissolved oxygen, turbidity,
P-DTP, P-SRP, N-NO; and N-NH,*. The highest rainfall
was observed in summer (from October 2010 to March
2011) and the lowest in winter (September 2010 and
April to August 2011) (Figure 2). However, in July 2011,
despite being a month of drought, heavy rainfall occurred,
especially in the days prior to the sampling and a clear
pattern between dry and rainy seasons wasn’t observed.
High light availability was observed in most of the period as
demonstrated by the valuesof Z :Z  (Table 1). Turbidity
was significantly higher in summer (p =0.011), mainly in
stations C1 and C2. Water temperature presented significant
differences in January and March (p = 0.001) and lower
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Figure 2. Precipitation values from September 2010 to July
2011. Sampling days are indicated by arrows.
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values occurred in July 2011. Values of dissolved oxygen
were significantly higher (p = 0.009) in July.

The pH values didn’t present high variation during the
study period and the lowest values were observed in stations
Cl1 and C2 in September. N-NH,* concentrations presented
differences (p = 0.001) in September and November,
January and May and July and March. N-NO, presented
higher values in summer (p = 0.001), specially is station
C1 in March. Precipitation, turbidity, P-DTP, P-SRP,
N-NH," and N-NO, values showed highest coefficients
of variation throughout the study period. Considering
DIN:SRP ratio, phytoplankton growth in the two arms
seems to be limited mainly by N (DIN:SRP ratio ~ 2.68),
except stations C2 and N2 in May, where a co-limitation
by N and P appears to be occurred.

In relation to the phytoplankton composition,
206 taxa were inventoried during the study period.
The greatest contribution groups were Cyanobacteria
(32%), Bacillariophyceae (29%) Zygnemaphyceae (18%)
and Chlorophyceae (15%). Spatial significant differences
were not observed in biovolume values and, due to the low
biovolume values, both arms were classified as oligotrophic.
On the other hand, significant temporal changes occurred.
Summer, particularly March, presented higher mean values
of biovolume (1.87 mm® L) with greater contribution of
Cyanobacteria (p = 0.000) and Chlorophyceae (p=0.001)
species, such as Aphanocapsa delicatissima West & West,
A. holsatica Cronberg & Komarek, Eutetramorus fottii
(Hindak) Komarek and E. planctonicus (Korshikov)
Bourrelly (Figure 3a and b). In winter Bacillariophyceae
species predominated and July presented significant higher
biovolume values (p = 0.01). It was mainly represented
by Aulacoseira granulata (Ehrenberg) Simonsen and
A. pusilla (Meister).

From a total of 16 functional groups identified, five
together best contributed to the total values of biovolume
(95.32%) and three of them showed temporal significant
differences (Figure 3c and d). F group (mainly represented
by Eutetramorus fottii) and K (Aphanocapsa delicatissima
and 4. holsatica) were the most important in summer
(p=0.001), with significantly higher biovolume values in
January and March, respectively. G group (Volvox aureus
Ehrenberg) presented higher biovolume in May (p =0.05).
E group (Mallomonas spp.) and P (Aulacoseira spp.) were
the most important groups in winter.

The canonical correspondence analysis (CCA) performed
with five environmental variables and 29 species presented
significant scores for the first two axes (p <0.05), according
to the Monte Carlo test (Figure 4a and b), indicating
significant correlations between environmental variables
and phytoplankton. These two axes explained together
29% of the total data variability. CCA diagram presented
differences in the temporal distribution of sampling units
and phytoplankton biovolume, however, significant spatial
differences were not observed.

According to the first axis of CCA, P-DTP (0.83)
and N-NO, (0.79) were the most important variables
for its ordination, separating September 2010, January,
March and May 2011 to the right when, in general,
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Table 1. Mean values and coefficients of variation for precipitation (Pre: mm), wind speed (Win: m s™'), maximum zone
(Z,,.: m), euphotic zone (Z,: m), Z :Z  : euphotic zone: maximum zone ratio, air temperature (AT: °C), water temperature
(WT: °C), dissolved oxygen (DO: mg L), turbidity (Turb.: NTU), soluble reactive phosphorus (P-SRP: pg L), dissolved
total phosphorus (P-DTP: pg L"), ammonium (N-NH,: pg L), nitrite (N-NO,: pug L") and dissolved inorganic
nitrogen:soluble reactive phosphorus ratio measured in the two tributaries of Salto Caxias reservoir from September 2010 to
July 2011. N1 and N2: arm with net cages, C1 and C2: cageless arm.

Stations Pre Z_ Z, % T, DO Turb pH P-DTP P-SRP N-NH," N-NO, DIN:SRP
N1
Sep 00 96 96 1.0 239 67 21 7.1 242 477 4726 043  1.00
Nov 508 99 79 08 235 63 31 71 87 504 4616 418 175
Jan 622 99 99 1.0 282 56 03 73 38 352 2857 663 164
Mar 00 107 93 09 285 63 08 76 05 89 00 886 026
May 02 112 80 07 242 59 12 72 05 286 2857 00 560
Jul 810 78 71 09 200 75 00 73 38 247 221 00 009
N2
Sep 00 65 65 10 215 67 17 70 250 455 4506 043 113
Nov 508 42 42 10 239 62 26 7.1 136 580 5385 418 144
Jan 622 42 42 10 287 65 08 73 46 348 2857 623 133
Mar 00 52 52 10 280 56 04 75 22 79 00 792 0.14
May 02 55 55 1.0 244 61 09 71 13 69 551 136 197
Jul 810 55 55 10 197 75 00 72 30 22 2474 00 1.20
c1
Sep 00 108 108 10 233 62 22 62 209 628 6264 012 196
Nov 508 94 89 1.0 244 62 62 72 87 638 577 6.05  2.10
Jan 622 94 73 08 291 70 07 77 46 799 7395 596  4.17
Mar 00 109 109 10 281 57 08 70 46 126 00 1261 024
May 02 106 92 09 240 56 1.1 73 05 548 5439 052 1579
Jul 810 106 78 07 207 74 00 73 38 493 4891 043 143
2
Nov 508 80 80 1.0 248 63 63 72 46 434 3901 433 164
Jan 622 63 61 1.0 296 65 04 74 46 429 4258 514 178
Mar 00 40 40 10 290 51 14 7.1 46 531 4506 808  0.67
May 02 56 56 1.0 252 61 08 71 05 265 258 052 142
Jul 810 56 41 07 208 74 26 63 70 28 275 00 0.1l
CV(%) 1014 323 305 113 127 103 108.0 48 565 1075 679  100.6 1.52

higher values of these nutrients were observed. Groups
J, represented by Encyonema silesiacum (Bleisch) Mann
and D (Scenedesmus sp.) were related to September.
Groups Lo, represented by Chroococcus minutus (Kiitzing)
Négele, K (Aphanocapsa spp.), F (Eutretamorus fottii),
Z (Synechococcus sp.) were related to March. Groups
Y (Cryptomonas sp.) and G (Volvox aureus Ehrenberg)
occurred only in May. In the second axis, November 2010,
January and July 2011 were grouped in the inferior portion
of the diagram influenced by higher values of precipitation
(-0.98), dissolved oxygen (-0.61) and N-NH,* (-0.40).
In these months, the main functional groups were D, F,
S1 (Pseudanabaena limnetica [Lemmermann] Komarek),
A (Spicaticribra rudis [Tremarin, Ludwig, Becker and
Torgan] Tuji, Leelahakriengkrai and Peerapornpisal), J,
MP (Eunotia sp.), P, E and F.
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4. Discussion

The analysis of both abiotic and biotic variables
demonstrated a temporal heterogeneity of the ecosystem.
The magnitude of the effects of cage culture in the ecosystem
depends primarily on the intensity of fish production, the
residence time of the water and the environmental carrying
capacity to assimilate nutrients input (Guo and Li, 2003;
Kaggwaetal., 2011). These effects are generally stronger
in water bodies with low water removal. Apparently, in this
study, once few net cages were used, seasonality seems to
have assumed important relevance in the environmental
structuration as reported for tropical and subtropical
reservoirs (Diaz et al., 2001; Silva et al., 2005; Araripe et al.,
2006; Alves and Baccarin, 2007; Nogueira et al., 2010).

Despite of the low number of net cages employed,
studies on the impacts of fish farming in water quality
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Figure 3. Values of phytoplankton biovolume registered in Salto Caxias reservoir in the four sampling stations from
September 2010 to July 2011. (a) phytoplankton biovolume by Class; (b) relative biovolume (%) by Class; (c) phytoplankton
biovolume by functional groups; (d) relative biovolume (%) by functional groups. Sep-September, Nov-November,

Jan-January, Mar-March, May, Jul-July.

demonstrated increase of phosphorus and nitrogen and
reduction of dissolved oxygen and water transparency
(Guo and Li, 2003; Guo et al., 2009; Kaggwa et al., 2011;
Sipauba-Tavares et al., 2014). Borges et al. (2010), in an
experiment with tilapia (Oreochromis niloticus L.) in
net cages, in a Brazilian subtropical reservoir (Rosana
Reservoir), observed an increase in total nitrogen and
ammonium concentrations after the installation of the
net cages.

The studied system were, in general, characterized by
relatively low nutrients concentration and phytoplankton
biovolume, indicating an oligotrophic condition, according
to the Vollenweider (1968) criteria. In addition, nitrogen
seems to be the limiting nutrient for phytoplankton growth,
as already demonstrated for sub/tropical ecosystems
(Jeppesen et al., 2007). However, for a long time,
phosphorus was believed to be the main limiting nutrient
in freshwaters. More recently, processes of limitation by
both phosphorus and nitrogen has been observed and they
are related to the watershed uses and geographical location

Braz. J. Biol., 2016, vol. 76, no. 4, pp. 824-833

of the reservoir (Kosten et al., 2009; Abell et al., 2010;
Rangel et al., 2012).

Phytoplankton functional group approach has been
widely used in several ecological studies in lakes and
reservoirs, since it allows reducing the number of biological
variables in the aquatic ecosystem (Becker et al., 2010;
Xiaoetal.,2011; Crossetti et al., 2013). In winter, the lowest
temperatures mainly favored the development of diatoms
such as Aulacoseira granulata, grouped in the P group,
generally associated to eutrophic and mixed environments.
The reduced depth (~ 8 m) in both arms contributes to
maintain vertical circulation allowing the resuspension of
diatoms. Meroplanktonic diatoms such as Aulacoseira spp.
have life cycles closely related to the mixing of the water
column (Lund, 1965) and are common components of
the plankton in turbulent environments (Nogueira, 2000;
Bovo-Scomparin and Train, 2008; Rodrigues et al., 2009;
Borges and Train, 2009).

Higher values of phytoplankton biovolume occurred in
summer period due to the presence of Chlorophyceae and
Cyanobacteria, possibly favored by higher light availability
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Figure 4. Scores dispersion of the sampling stations (a) and phytoplankton biomass; (b) along the first two Canonical
Correspondence Analysis (CCA) axes. Codes are available in Table 1 and Figure 3.

and precipitation which increases the input of allochthonous
nutrients (Nogueira, 2000; Silva et al., 2005; Borges et al.,
2008). The most important functional groups found in the
summer period (F and K) are generally related to shallow
nutrient-rich water columns with good light availability
and higher temperatures (Huszar et al., 2000; Komarek,
2003; Sant’Anna et al., 2006). These groups have been
frequently reported as dominants in tropical shallow lakes
and reservoirs, usually favored by the stability of the water
column, light and nutrients availability (Kruk et al., 2002;
Silva et al., 2005; Moura et al., 2007; Dantas et al., 2008;
Crossetti et al., 2013).
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The F functional group is associated to environments
with high water transparency, meso to eutrophic and with
deep mixing zone (Reynolds et al., 2002; Padisak et al., 2006,
2009). The great extension of the euphotic zone probably
favored the occurrence of the F group, however, nutrients
availability were a limiting factor for the development of
expressive populations.

The K functional group comprises mainly picoplanktonic
colonial cyanobacteria without aerotopes. They are favored
by periods of water column stability that can explain its
higher biovolume values in March 2011. Furthermore,
Reynolds et al. (2002) highlighted that such picoplanktonic
species have high surface/volume ratio that, therefore,
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represents an adaptive advantage in environments with
nutrients limitation. In addition, the small size of the cells
and the presence of mucilaginous sheath contribute to the
maintenance of individuals in the water column (Reynolds,
2006, 2007; Brasil and Huszar, 2011). A similar pattern
was observed by Becker et al. (2010), where the reservoir
was dominated in summer by cyanobacteria from K group
and, secondary, by green algae from F group favored by
long periods of stratification and high light availability.

The E functional group, with occurrence in both
summer and winter periods, is related to shallow and
oligotrophic water bodies. The G group, registered only
in May, is associated to nutrient-rich and stable water
columns (Reynolds et al., 2002; Padisék et al., 2009).
However, this motile organism combines the presence of
flagella to the large cell volume to escape from moderate
to low turbulent intensities (Reynolds, 2006).

Our hypotheses were not supported, because no
significant changes were observed in the abiotic features
and phytoplankton biovolume in the arm influenced by the
fish farming system, probably due to the low number of
net cages and fish employed. However, the occurrence of
potentially toxigenic Cyanobacteria during the experiment
suggests a potential risk that the fish cultivation can lead
to the aquatic ecosystem. We verified that the seasonality,
mainly characterized by changes in temperature, light
availability and precipitation, were important factors for
the phytoplankton structure. The water flow has permitted,
so far, a sustainable production of fish due to its ability to
dilute the nutrients input (Diaz et al., 2001). However, a
permanent monitoring of phytoplankton is recommended,
since this environment has a carrying capacity, from which
the trophic state may increase.
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