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Abstract In this study, we evaluated the effects of
nutrient enrichment on primary and secondary pro-
ductivity, the relationship between these ecosystem
processes, and the relationship between the resources
of zooplankton community in response to ecosystem
processes, experimentally. The experimental design
was randomized, with three levels of nutrient repli-
cated three times, giving a total of nine experimental
units, for a period of 30 days (November—December,
2013). We measured primary productivity, secondary

Handling editor: Mariana Meerhoff

Electronic supplementary material The online version of
this article (https://doi.org/10.1007/s10750-018-3763-0) con-
tains supplementary material, which is available to authorized
users.

T. X. de Melo (E<)) - C. C. Bonecker

Postgraduate Program in Ecology of Continental Aquatic
Environments, State University of Maringd — UEM,
Maringd, PR, Brazil

e-mail: thaisxmelo@hotmail.com

T. X. de Melo
Federal University of Mato Grosso — UFMT,
Rondondpolis, MT, Brazil

J. D. Dias
Federal University of Rio Grande do Norte — UFRN,
Natal, RN, Brazil

N. R. Simdes
Federal University of South of Bahia — UFSB,
Porto Seguro, BA, Brazil

productivity, and zooplankton community structure, at
the beginning and after every seven days of the
experiment. Primary and secondary productivity
increased with nutrient enrichment. Secondary pro-
ductivity was supported by a few dominant species
with ecologically selected traits, especially large-
bodied zooplankton (copepods and large cladocerans).
Nutrient enrichment turned the relationship between
primary and secondary productivity from positive to
negative and intensified the biotic process of compe-
tition because of exploitation by zooplankton popula-
tions, favoring an increase in the dominance of large
microcrustaceans. This reflects the initial effects of a
moderate eutrophication. At a larger temporal scale
and at higher nutrient concentrations, effects of higher
magnitude are expected, which may disrupt the whole
community, resulting in the loss of ecosystem
processes.

Keywords Zooplankton - Overyielding -
Competition - Ecosystem functioning - Eutrophication

Introduction

Anthropogenic activities change the ecological integ-
rity of aquatic ecosystems, mostly through nutrient
(nitrogen and phosphorus) enrichment, which has
caused dramatic changes in aquatic communities and
ecosystem functioning (Smith et al., 2006; Elser et al.,
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2007). Under natural conditions, primary productivity
positively responds to an increase in nutrient concen-
trations and influences the secondary productivity, a
chain reaction driven by bottom up processes through
the response of communities (Onandia et al., 2014).

Nutrient enrichment affects phytoplankton density
and morphology, increases the population growth
rates of a few species, mostly inedible (filaments and
colonies), hindering their ingestion and interfering
with the structure and dynamics of zooplankton
community (Anderson et al., 2002; Gobler et al.,
2007; Pan et al., 2014). This causes competitive
exclusion by exploitation of nutrients, both in phyto-
plankton (Tilman, 1977) and zooplankton (Rothhapt,
1988) communities, consequently reducing species
richness and increasing dominance of a few species
(Rosenzweig, 1971; Abrams, 1995).

Species richness in a community has an important
role in primary production processes and ecosystem
functioning (Loreau et al., 2001). Ecosystem pro-
cesses can be maintained by several species with
different phenotypic traits that complement each other
(niche complementarity), or by a few species with
certain ecologically selected traits that dominate the
environment (overyielding) (Loreau, 2000). Commu-
nities with high species richness are more likely to
have higher phenotypic trait diversity (Chapin et al.,
1997; Loreau et al., 2001).

Manipulative experiments are important in ecolog-
ical studies, because they assume that variables act
simultaneously, most studies have been investigating
the effects of nutrient enrichment by relating it to an
increase in primary productivity and/or changes in the
attributes of aquatic communities, such as richness,
abundance, and biomass (Jeppesen et al., 2000;
Cottingham et al., 2004; Donohue et al., 2009; Sorf
et al., 2015). It is necessary and important to study the
secondary productivity in this context, as it allows
estimating the amount of energy incorporated through
consumption that is available to higher trophic levels,
giving a quali-quantitative meaning to energy transfer
processes and representing a functional measure of
energy flow through trophic levels (Santos-Wis-
niewski & Rocha, 2007).

The Upper Parana River floodplain is located in the
subtropical region of South America, and is charac-
terized by intense human occupation, resulting in
anthropogenic effects, such as elevated nutrient input
from domestic sewage, intense agricultural activity,
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intense use of agriculture chemicals, and elimination
of riparian vegetation (Agostinho et al., 2007, 2008).
In this way, using a manipulative experiment, we
evaluated (i) the effects of moderate nutrient enrich-
ment on primary and secondary productivities, (ii) the
relationship between these ecosystem processes, and
(iii) the relationship between the attributes of zoo-
plankton community in response to moderate nutrient
enrichment. We tested the hypothesis that primary and
secondary productivity are positively affected by
nutrient enrichment because of the higher quantities
of resources available to primary producers, and
consequently, to consumer organisms. We predicted
that nutrient enrichment would influence zooplankton
community structure (species richness, density, bio-
mass, dominance, and composition) via bottom up
processes, consequently altering the temporal dynam-
ics of secondary productivity.

Methods
Experimental setup

The experiment was performed at the Advanced
Research Base of Nupélia (Research Nucleus in
Limnology, Ichthyology and Aquaculture), located
near the Upper Parana River floodplain, Porto Rico—
PR, Brazil. Mesocosms (polyethylene tanks: 1.0 m
high, 1.4 m in diameter) were filled with 800 1 of
water from the Parana River on November 08, 2013.
On the same day, phytoplankton and zooplankton
inocula were collected from the lakes of Upper Parana
River floodplain (environments with high species
richness—Lansac-Toha et al., 2009) using plankton
nets of 20 um (phytoplankton), 45 pm, and 68 pum
(zooplankton) mesh size to improve collection effi-
ciency. On November 10, these inocula were homo-
geneously added to the mesocosms. The first sampling
was performed on November 11 and samples were
taken after every five days, until December 11, 2013.
We chose this period of the year because it is an
intermediate period in the Upper Parana River flood-
plain, with neither floods nor droughts. Extreme events
could influence phytoplankton and zooplankton com-
munities that were added to mesocosms. Fishes and
aquatic macrophytes are present in the Upper Parana
River floodplain environments, but we did not include
them in the experiment because our objective was to
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evaluate the strength of bottom up process with simple
two trophic level communities.

The experimental design was randomized with three
levels of nutrient, replicated three times, giving a total of
nine experimental units. Nutrient concentrations used in
different levels were: NI—100 pg NO; 17" and
5ug PO, 17" N2—240 pg NO; 17" and 12 pg
PO, 1”'; and N3—360 ugNO5 17" and 18 pg PO, 17"
These concentrations were maintained by addition of
different volumes of a compound solution (80 g
NO; 17" and 4 g PO, 17") every 3 days, to avoid
depletion over time. These concentrations were defined
based on previously performed studies at the Upper
Parana River floodplain. Because most habitats in this
floodplain are characterized as oligotrophic (Roberto
et al., 2009), the concentrations defined in our study are
considered to cause moderate eutrophication, compared
to similar studies.

Daily measurements of dissolved oxygen (mg 17"),
water temperature (°C), conductivity (uS cm™"), pH,
and turbidity (NTU) were performed to monitor the
experiment. The results were similar between the
replicates of each treatment (Supplementary
Material).

Net primary productivity (NPP) of phytoplankton

Phytoplankton NPP (mgC m™> h™') in each meso-
cosm was estimated at the beginning and after every
five days until the end of the experiment, totaling
seven measurements over the experimental period
(November 11-December 11, 2013). This estimate
was obtained by evaluating the changes in water
oxygen concentrations per unit of time inside light and
dark bottles, a common approach used to measure the
aquatic metabolism (Wetzel & Likens, 2000; Simdes
et al.,, 2013). In each mesocosm a light and a dark
bottle were incubated for 4 h, from 10 to 14 h.
Dissolved oxygen concentration was measured at the
beginning and at the end of the incubation, using YSI®
digital oximeter. In the light bottle, oxygen was
produced through photosynthesis and consumed
through respiration, whereas in the dark bottle only
consumption occurred. Therefore, NPP was estimated
as oxygen production minus consumption. The values
of net primary productivity were converted to carbon
using the relationship of 0.375 mol of carbon to 1 mol
of oxygen (Wetzel & Likens, 2000).

Secondary productivity (SP) and zooplankton
community structure

Rotifers, cladocerans, and copepods were sampled
concomitantly with the measurement of NPP. We
filtered 10 1 of water from each mesocosm (a sufficient
amount to represent the community without affecting
zooplankton density) using a plankton net of 45 um
mesh size, and the filtered water was returned to the
mesocosm to avoid reduction in the water level.
Zooplankton were narcotized by CO,-saturated water
prior to fixation in sugar-saturated formaldehyde
solution (4%) buffered with calcium carbonate. This
procedure prevents the contraction of individuals and
egg detachment, which is important for calculating the
secondary productivity.

Species identification was performed using spe-
cialized literature (see Lansac-Toha et al., 2009).
Individual dry weight was calculated from the biovol-
ume of rotifers (Ruttner-Kolisco, 1977), and most of
the length—weight relationships of microcrustaceans
were based on the data reported from the floodplain
(Azevedo et al., 2012). The others were from litera-
ture, mostly from tropical regions (Dumont et al.,
1975; Melao, 1999; Maia-Barbosa & Bozelli, 2005;
Santos, 2010). However, we considered the shape and
variation of the body size in the choice of equations.
Measurements (length, width, and height) of up to 30
individuals of each species of rotifers, cladocerans,
and adult and juvenile copepods, were taken in each
sample. Secondary productivity (ugDW 17! days™")
was estimated for rotifers using recruitment method
(Edmondson & Winberg, 1971), through which the
finite birth rate (B) and the mean individual dry
weights of the organisms were evaluated, and only
species with eggs, in the samples, were used. This
method is mainly applied to organisms showing small
differences in the size of newly hatched and adult
individuals (Peldaez-Rodrigues & Matsumura-Tundisi,
2002), such as rotifers. For microcrustaceans, we used
the method of biomass increment (Winberg et al.,
1965), considering the variation in weight, develop-
ment time, and the number of individuals in each size
class (cladocerans) and developmental phase (cope-
pods). Egg development time, egg weight, and
embryonic and post-embryonic developmental dura-
tions were obtained from the literature, mostly from
tropical regions (Espindola, 1994; Rietzler, 1995;
Melao, 1999; Santos-Wisniewski & Rocha, 2007).
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Richness corresponds to the number of species
registered in the samples. Density of individuals
(ind 17") was obtained through sub-samplings, and at
least 10% of the concentrated sample (10 1 of water
filtered) was counted. Samples with a reduced number
of individuals were counted entirely. Biomass
(ugDW 17" was calculated as a product of density
and individual dry weight. Dominance was estimated
through community equitability (Pielou, 1966).

Statistical analysis

Factorial Analysis of Variance (Factorial ANOVA)
was performed to test the effects of nutrient enrich-
ment, time, and their interactions, on NPP, SP,
richness, density, biomass, and dominance. Data were
log-transformed (x 4+ 1), and normality and
homoscedasticity assumptions were tested. When
results were significant (P < 0.05), the means of each
treatment and the day of sampling were compared
using Tukey tests, to verify the significant difference
between them (P < 0.05).

To investigate the dynamics between NPP and SP,
and their relationships in different treatments were
compared using Analysis of Covariance (ANCOVA)
(Gotelli & Ellison, 2004). We tested the hypothesis of
parallelism before testing for significant differences in
the slope. When significant differences were observed
in the slope, a new model with separate slopes was
applied. On the other hand, when no significant
differences were found in the slope, a traditional
ANCOVA was performed.

Non-metric multidimensional scaling (NMDS)
(Clarke, 1993) was performed to observe the effects
of nutrient enrichment and time on zooplankton
composition. For this, we calculated a Jaccard distance
matrix, from a presence-absence data matrix. The
significance of results (p < 0.05) was tested through a
Permutational Multivariate Analysis of Variance
(PERMANOVA) (Anderson, 2001), with 999 permu-
tations and Jaccard distance.

PERMANOVAs were also used to test if commu-
nity compositions in the treatments were significantly
different on each day of sampling, separately, to verify
the moment in which the communities may have
differed from one another.

Factorial ANOVA and ANCOVA were performed
using the software Statistica version 8.0 (StatSoft Inc.,
2007), and the other statistical analyses were
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performed in software R (R Core Team, 2014) using
the packages vegan (Oksanen et al., 2014), Biodiver-
sityR (Kindt & Coe, 2005) and MASS (Ripley et al.,
2015).

Results

The mean NPP was 34.7 mgC m > h™! in treatment
N1, 47.7 mgC m~> h~! in treatment N2, and 714
mgC m > h™' in treatment N3, with significant
differences among treatments (F7.11.18 =4.96, p <
0.05), in which treatment N1 differed from N3
(»p <0.01) (Fig. la). No significant differences
between days of sampling or interactions were found.

The mean SP of zooplankton was 8.97 pugDW
17" days™! in treatment N1, 12.23 ngDW 17! days™!
in treatment N2, and 18.60 pgDW 17! days™' in
treatment N3. A significant interaction was found
between the treatments and days of sampling
(F12:17.99 = 2.21, p < 0.05), showing that from the
fifth day to almost the end of the experiment (Dec/01),
SPin treatment N3 became higher than that in the other
treatments (Fig. 1b).

ANCOVA showed that the relationships between
NPP and SP in all treatments were significant (Fig. 2).
Positive relationships were found between the primary
and secondary productivities in treatments with N1
and N2 nutrient concentrations, whereas a negative
relationship was found in the treatment with N3
concentrations. An increase in nutrient concentration
modified the relationship between NPP and SP from
positive to negative.

Mean zooplankton richness was 14 species in
treatment N1, 15 species in treatment N2, and 16
species in treatment N3 (Fig. 1c), with no significant
differences between treatments, but only over time
(Fen56 =5.68, p <0.001), with higher values
observed on the second day of sampling. Tukey test
showed that the mean species richness on this day of
sampling was significantly different from the other
days, except the fifth day of sampling. No significant
interactions between factors were found.

Mean density was 58.82 ind 17! in treatment N1,
110.90 ind 1" in treatment N2, and 119.88 ind 1" in
treatment N3 (Fig. 1d). We found significant interac-
tions between factors (Fi2.1034 = 3.53, p < 0.05),
especially on the second and third days of sampling,
in treatments N2 and N3.
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Fig. 1 Factorial ANOVA significant results represented in
graphs. Net primary productivity (NPP) (mgC m~> h7h
between treatments with different nutrient concentrations (N1,
N2, N3) (a). Secondary productivity of zooplankton
(SP) (ugbW 1! daysfl) in treatments and over time (b).
Species richness over time (c¢). Density (ind 1™") between

treatments and over time (d). Biomass (ugDW 171 between
treatments (e) and over time (f). Dominance between treatments
(g), and over time (h). Secondary productivity and density
showed significant interaction between factors. Bars represent
standard error
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fraction of total secondary productivity (Fig. 3), with a

8 mean value of 12.2 ugDW 17! days~'. Higher values

6 registered on the second and third days of sampling, in

logNPP

Fig. 2 Relationship between secondary productivity of zoo-

plankton (SP) (ugDW 1" days™") and net primary productivity
(NPP) (mgC m~> h™!) in treatments with different nutrient
concentrations (N1, N2, N3), BN1 = 0.36; fN2 = 0.33; N3 =
— 0.44. Data were log-transformed

Mean biomass was 27.19 ugDW 17! in treatment
N1, 42.53 pgbDW 1! in treatment N2, and
59.53 ugDW 17 in treatment N3 (Fig. le). Factorial
ANOVA showed that the biomass was significantly
different  between treatments (Fp.1161 = 6.62,
p < 0.05), i.e., N1 was significantly different from
N3, and over time (Fg.31.10 = 5.91, p < 0.001), i.e.,
biomass at the beginning of the experiment was
different from that of all the other days, except the
sixth day of sampling (Fig. 1f). No significant inter-
actions between factors were found.

Mean dominance was 0.37 in treatment N1, 0.44 in
N2, and 0.46 in N3 (Fig. 1g), showing significant
differences between treatments (Fo.09 = 5.53,
p < 0.05) and over time (Fg.043 = 8.39, p < 0.001).
In this case, dominance in treatment N1 was signif-
icantly different from N3; the third and fourth days of
sampling were similar among them but significantly
different from the other days (Fig. 1h). No significant
interactions between factors were found.

The zooplankton community was represented by 77
species in all treatments, with 48 rotifers, 14 clado-
cerans, and 15 copepods.

Copepod species that contributed the most to
secondary production were Notodiaptomus henseni
(Dahl, 1894) (adult calanoid) and Thermocyclops
decipiens (Kiefer, 1929) (adult cyclopoid), in addition
to juvenile stages (nauplii and copepodites). The high
productivity of copepods was responsible for a major
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all treatments, decreasing on the fourth day (Nov/26),
and showed a peak on the last day of sampling in
treatment N3 (Fig. 3). This high value was mainly due
to an increase in the productivity of calanoid cope-
pods. On the other hand, mean secondary productivity
of rotifers was the lowest, 0.23 pgDW 17! days™!,
with main contributions from Euchlanis dilatata
Ehrenberg, 1832, Filinia terminalis (Plate, 1886),
Hexarthra intermedia (Wiszniewski, 1929), H. mira
(Hudson, 1871), Keratella americana Carlin, 1943, K.
cochlearis (Gosse, 1851), and K. tropica (Apstein,
1907). In this group, higher SP values were generally
found at the beginning of the experiment, especially in
treatment N2 (Fig. 3). Mean secondary productivity of
cladocerans was 0.85 pgDW 17! days™', with contri-
butions from Chydorus pubescens Sars, 1901, C.
parvireticulatus Frey, 1897, Daphnia gessneri
(Herbst, 1967), and Simocephalus serrulatus (Koch
1841). Contrary to rotifers, these microcrustaceans
showed higher SP values in treatment N3 at the end of
the experiment, supported mainly by S. serrulatus
(Fig. 3).

Zooplankton community composition, as shown by
the non-metric multidimensional scaling (NMDS), did
not show any separation between treatments, but only
over time (Fig. 4). This result was confirmed by the
PERMANOVA, which was significant only over time
(F = 11.51; p = 0.001). However, there seems to be a
segregation in the zooplankton composition until the
fourth day of sampling, which was not observed on the
other days. This was corroborated by PERMANOV As
performed for each point of time separately, which
showed that on Nov/11 (F = 0.63; p = 0.57), Nov/16
(F =0.63; p=0.56), Nov/21 (F =0.23; p =0.78),
and Dec/01 (F = 2.42; p = 0.17), the treatments were
not significantly different. However, on Nov/26
(F =8.81; p=0.03), Dec/06 (F=9.79; p=20.02)
and Dec/11 (F = 13.09; p = 0.03), the treatments were
significantly different.

Discussion
Nutrient enrichment positively affected the ecosystem

processes and influenced the community structure of
zooplankton over time. However, the relationship
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between NPP and SP was positive in the treatments
with lower nutrient concentrations (N1), becoming
negative at the higher levels (N2 and N3). At the
highest nutrient concentrations, inedible algae were
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likely favored, influencing the interactions among
zooplankton populations, which was corroborated by
PERMANOVAs performed at each point of time and
by the higher dominances, and resulting in a negative
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Fig. 4 Non-metric multidimensional scaling (NMDS) of zoo-
plankton community separating the times (Nov/11, \Nov/16,
Nov/21, Nov/26, Dec/01, Dec/06 and Dec/11)

relationship between primary and secondary produc-
tivities. However, the amount of energy available at
the lowest nutrient concentration (N1) may have been
a limiting factor, resulting in a linear positive response
of zooplankton species to the increase in NPP. When
nutrients were not limiting, i.e., at the highest
concentrations of the experiment, there was sufficient
energy and populations did not respond to this increase
in NPP.

Nitrogen and phosphorus are known to regulate and
significantly increase primary productivity when
simultaneously added to the environment, represent-
ing higher resource availability for aquatic producers
(Smith et al., 2006; Elser et al., 2007). With nutrient
enrichment, phytoplankton invest in growth and
reproduction (Pan et al., 2014), influencing zooplank-
ton density and biomass (Sorf et al., 2015). As nutrient
concentration affects phytoplankton-zooplankton
relationships (Perhar et al., 2013; Pan et al., 2014), it
is likely that nutrient enrichment competitively
selected filamentous and colonial species, mainly
species of colonial cyanobacteria such as Aphano-
capsa spp. and Radiocystis sp., which are difficult to
ingest (Anderson et al., 2002; Pan et al., 2014),
altering the zooplankton community.

Calanoid copepods and the cladoceran, Simo-
cephalus serrulatus, were favored by an increase in
nutrient concentration, and these species were respon-
sible for the higher SP values found at the end of the
experiment, as they are both large-bodied herbivorous
microcrustaceans, with high biomass, and good
resource competitors, compared to rotifers (Brooks
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& Dodson, 1965). Moreover, fish were absent, allow-
ing the occurrence and dominance of medium- and
large-bodied species (Iglesias et al., 2011) such as the
microcrustacean species previously mentioned. In the
absence of fish predation on medium- and large-
bodied zooplankton species, rotifers are, in turn,
suppressed or even excluded by large-bodied micro-
crustaceans through competition for the same food
resources, in this case phytoplankton, as larger organ-
isms feed more efficiently (Gilbert, 1988; Kirk, 1991;
Baranyi et al., 2002). The decrease in large-sized
zooplankton abundance and biomass was related to an
increase in fish density, in the shallow lakes of the
same floodplain (Bonecker et al., 2011). We agree
with the importance of predation by the fish, to the
zooplankton community structure. However, the
objective of our study was to evaluate the effects of
nutrient enrichment (bottom up) without the influence
of top down effect.

SP was supported by a few dominant species with
certain ecologically selected traits. This mechanism,
known as overyielding (Loreau, 2000), is important
for ecosystem stability. Dominant species, acting as
controllers of ecosystem functions, may be resistant to
the reduction of ecosystem functions in a short-term,
being able to maintain ecosystem processes even with
the non-random loss of rare species due to anthro-
pogenic effects (Loreau, 2000; Smith & Knapp, 2003).
However, a simultaneous loss of complementary
interactions among rare species may contribute, in
the long-term, to a higher species loss and cause the
loss of ecosystem functions (Smith & Knapp, 2003).

Studies indicate zooplankton species loss and
consequent reduction in species richness with nutrient
enrichment (Dodson et al., 2000; Jeppesen et al., 2000;
Declerck et al, 2007; Sorf et al., 2015); however, this
was not found in our study. Although the magnitude of
nutrient enrichment used in our experiment was not
high, compared to the above-mentioned studies,
richness was significantly different over time, with
higher values at the beginning of the experiment. This
event occurred because of an expressive increase in
zooplankton density at the beginning of the experi-
ment, mainly at N2 and N3 concentrations, which
enhanced the probability of species being sampled.
Moreover, nutrient enrichment increased dominance,
with higher values at the middle of the experiment
(Nov/21 and Nov/26), likely because of the copepods.
As previously mentioned, this group has a competitive
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advantage due to efficient consumption of the
resources, in the absence of fish (Iglesias et al.,
2011), domination of the environment, and supporting
secondary productivity. Therefore, nutrients affected
the secondary production by influencing the relation-
ships of dominance and competition among zooplank-
ton species. From the beginning until the middle of the
experiment (15-20 days after the beginning of the
experiment), treatments showed a similarity in zoo-
plankton composition, which was not observed on the
other days (corroborated by PERMANOVA results),
which may be related to the dominance. This is
because dominance increased until the middle of our
study, as well as secondary productivity of copepods,
which when reduced, also led to a reduction in
dominance, as other species, such as some cladocer-
ans, could increase their SP (Figs. 1, 2).

An increase in zooplankton biomass with the
increase in nutrient concentrations was expected
(Camargo & Alonso, 2006; Sorf et al., 2015) because
of the effects of this process on the phytoplankton
community and consequent increase in the resources
available to the zooplankton (Pan et al., 2014).
However, small-bodied organisms such as rotifers,
can be favored (Gannon & Stemberger, 1978) because
they are opportunists with high fertility rates, direct
development, parthenogenetic reproduction, and rapid
growth rates (Pourriot et al., 1997), besides, the
presence of fish in the ecosystems reduces the density
of large-bodied zooplankton, such as copepods (Sorf
et al., 2015). In our study, the absence of fish
competitively favored large-bodied zooplankton and
resulted in a high dominance of these organisms at the
end of the experiment. This occurs in environments
with low predation pressure by fish, as otherwise
medium- and large-bodied zooplankton (copepods and
large cladocerans) are consumed, and only small-
bodied organisms remain and naturally dominate the
environments (Brooks & Dodson, 1965; Iglesias et al.,
2011).

Therefore, nutrient enrichment intensified the
biotic process of competition due to exploitation by
zooplankton populations, favoring an increase in the
dominance of large microcrustaceans. Moreover, it
transformed the relationship between NPP and SP
from positive to negative, indicating the presence of
inedible algae, which interfered in the transfer of
energy to the zooplankton community, and that the
energy was not limiting to the populations that

responded independently to the increase in NPP. This
reflects the initial effects of a moderate eutrophication.
Furthermore, at a larger temporal scale and at higher
nutrient concentrations, higher magnitude effects are
expected, which may de-structure the whole commu-
nity, resulting in the loss of ecosystem processes
(Donohue et al., 2009; Smith & Schindler, 2009;
Braghin et al., 2015).
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