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ABSTRACT

Can zooplankton grazing affect the functional features of phytoplankton in subtropical shallow lakes? - Experiment
in situ in the south of Brazil

Herbivory in aquatic environments reflects the organization of trophic webs as a structuring factor in the communities of prima-
ry producers. We experimentally evaluated the influence of grazing by zooplankton and by different predator groups on the
abundance and biomass of phytoplankton and morphologically-based functional groups (MBFGs), in a subtropical floodplain
shallow lake (Brazil). We tested if different grazing levels modify the structure of the phytoplankton, considering that higher
zooplankton abundance reduces the abundance and biomass of phytoplankton and the MBFGs. We used five treatments (5 L)
with different zooplankton abundance and five replicas to represent an increasing grazing gradient. Sampling of phytoplankton
and zooplankton was carried out after 24 hours, in each treatment. The zooplankton abundance presented significant differences
among treatments (F = 11.79; p < 0.01), showing the evident grazing gradient in the experiment. Rotifers dominated all the
treatments, followed by copepods, although their abundance decreased at the end of the experiment. In contrast, cladoceran
abundance increased. An inverse and significant relationship was observed between zooplankton and rotifer abundances and
MBFG III abundance (§ = -0.85, p < 0.01; 12 = 0.32; p = -0.54; p < 0.01; r2 = 0.29, respectively), showing an effective preda-
tor-prey interaction. Many positive and significant relationships were also observed among the grazers and the prey. The
increase of the abundance and biovolume of phytoplankton was related to the bottom-up mechanisms, the rapid population
growth of prey, and the short time of the experiment. The change in the MBFGs’ contribution was related to the increase in the
zooplankton and group abundance, grazer competition and exploitative competition among the MBFGs. The experiment
contributes to the knowledge on an important part of the trophic dynamics among planktonic communities in subtropical
floodplain shallow lakes.
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RESUMO

O pastoreio de zooplincton pode afetar as caracteristicas funcionais do fitoplincton em lagos rasos subtropicais? - Experi-
mento in situ no sul do Brasil

Herbivoria em ambientes aquaticos reflete a organizagdo de teias troficas como fator estruturante das comunidades de produto-
res primarios. Nos avaliamos a influéncia da predagdo do zooplancton e dos diferentes grupos sobre a abunddncia e biomassa de
fitoplancton e grupos morfologicamente funcionais (MBFG), experimentalmente em um lago raso de uma planicie de inundagdo
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subtropical (Brasil). Testamos se diferentes niveis de predagdo modificam a estrutura do fitopldncton, considerando que a maior
abunddncia de zoopldancton reduz a abunddncia e a biomassa do fitopldncton e dos MBFGs. Foram utilizados cinco tratamentos
(5 L), com diferentes abunddncias de zooplancton, e cinco réplicas, a fim de representar um gradiente crescente de predagdo.
Amostras de fitoplancton e zooplancton foram obtidas apos 24 horas, em cada tratamento. A abunddncia zooplancténica mostrou
diferengas significativas entre os tratamentos (F = 11.79; p < 0.01), evidenciando o gradiente de predagdo no experimento. Os
rotiferos dominaram todos os tratamentos, seguidos pelos copépodes, embora sua abundancia tenha diminuido ao final do experi-
mento. Ao contrdrio, a abunddncia de cladoceros aumentou. Relagdo inversa e significativa foi observada entre abunddncia de
zoopldncton e de rotiferos e a abunddncia de MBFG III (B = -0.85,p < 0.01; ¥2 = 0.32; B =-0.54;p < 0.01, r2 = 0.29, respectiva-
mente), mostrando uma eficiente rela¢do predador-presa. Relagdes positivas e significativas também foram observadas entre os
predadores e as presas. O aumento da abundancia e do biovolume do fitoplancton foi relacionado aos mecanismos bottom-up, ao
rapido crescimento populacional das presas e o curto tempo do experimento. A mudanga da contribui¢do dos MBF Gs foi relacio-
nada ao aumento da abunddncia do zoopldncton e dos grupos, competigdo entre predadores, e competigdo exploratoria entre os
MBFGs. O experimento contribuiu para o conhecimento de uma parte importante da dindmica trofica entre comunidades
plancténicas em lagos rasos de planicie de inundagdo subtropical.

Palavras chave: experimento, predador-presa, grupos morfologicamente funcionais, mecanismos bottom-up

INTRODUCTION

Zooplanktonic organisms occupy specific niches,
and changes in the dominance pattern of these
grazers affect prey populations according to the
diet complexity of zooplankton species (DeMott,
1986). In addition, the prey selectivity, which
regulates the exploitative competition among
phytoplankton species (DeMott, 1989), can also
facilitate the uncontrolled growth of undesired
populations, such as cyanobacteria, because graz-
ing acts preferably on the more natural competi-
tors (Leitdo et al., 2018).

The effect of zooplankton grazing on phyto-
plankton depends on the composition, density,
and body size of grazers (Cyr & Curtis, 1999;
Lacerot et al.,, 2013). In general, small-sized
zooplankton (rotifers, small cladocerans, and
nauplii) groups feed on small organisms (Cyr &
Curtis, 1999), while large-sized groups vary their
feeding strategy as filter feeders (calanoid cope-
pods and clacocerans), omnivores (cyclopoid
copepods and cladocerns) and carnivores (cyclo-
poid copepods) (Declerck et al., 2007; Ozkan et
al., 2014; Tonno et al., 2016). Thus, it can be
considered that aquatic trophic webs are strongly
influenced by the groups or species that are avail-
able for consumption (Modenutti et al., 2003; Qiu
et al., 2016). Studies revealed that zooplankton is
responsible for consuming most of the phyto-
plankton productivity that is transferred to other
trophic levels (Pfister & Arndt, 1998; Yang et al.,
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2016). Along with feeding preference and selec-
tivity by zooplankton, competition among grazers
also affects the structure of prey communities,
because changes in the relative abundance among
grazers can result in potential different grazing
levels (Brooks & Dodson, 1965).

Therefore, the interaction between zooplank-
ton and phytoplankton controls ecosystem
processes such as productivity, energy flow, and
nutrient cycling (Quintana et al., 2015). The
particular interactions among different species of
prey and predators can result in the consumption
of different functional groups of prey, with poten-
tial effects on ecosystem processes and services.
Specifically, rotifers are potential grazers of
small organisms (up to 5 upum) with high
surface/volume ratio and low nutritional value
(Brandl, 2005, Kruk et al., 2010) and, as along
with cladocerans, they may graze on medi-
um-sized organisms without specializations
represented by many classes (Chlorophyceae,
Xanthophyceae, and Zygnemaphyceae) (Colina
et al., 2016). Copepods preferentially graze on
medium to large-sized unicellular flagellates (up
to 11.6 pm) with high nutritional value, and on
organisms with low mortality, silicate exoskele-
ton, and high-density cells (Kruk et al., 2010;
Colina et al., 2016).

The lakes of the upper Parana River floodplain
present a great diversity of zooplankton and
phytoplankton species, and high trophic complex-
ity (Roberto et al., 2009; Agostinho et al., 2009;
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Lansac-Toha et al., 2009; Bortolini et al., 2016).
However, the structure of trophic interactions in
these ecosystems can provide important insights
about the drivers of spatial and temporal changes
in productivity and energy flow. Therefore, our
objective was to evaluate the influence of different
grazing levels by zooplankton on the phytoplank-
ton community in floodplain lakes. Specifically,
we experimentally assessed how the gradient of
abundance of zooplankton and groups (rotifer,
cladoceran and copepod) affects the abundance
and biovolume of phytoplankton and morphologi-
cally-based functional groups (MBFGs) in a
subtropical floodplain shallow lake, in the South
of Brazil. We tested the hypothesis that higher
zooplankton abundance reduces the abundance
and biomass of phytoplankton and MBFGs
(MBFG I-MBFG VII). Specifically, the response
of phytoplankton to grazing is likely to depend on
the prevailing group of grazers due to feeding
preference and selectivity. The investigations of
these biotic relationships between planktonic
communities contributes to understanding the
trophic dynamics of river-floodplain systems,
particularly about the basis of food webs.

MATERIAL AND METHODS
Experimental Design

The experiment was conducted in situ, in Gargas
Lake (22° 43' 27.18" S and 53° 13' 4.56" W),
which is located in the upper Parand River flood-
plain. This lake is 2128 m in length, with an area
of 14 ha and a perimeter of 4338 m. This environ-
ment is directly under the influence of water-level
variations of the Parana River, since it is perma-
nently connected to this river.

We conducted the experiment on December
10, 2016 (summer), during a period of 24 hours.
The environmental conditions of the lake at the
beginning of the experiment were observed:
depth (1.60 m), water temperature (27 °C), pH
(7.36), dissolved oxygen (2.02 mg/L), electric
conductance (71.80 uS/cm), total nitrogen (74.29
ug/L), total phosphorous (46.90 pg/L), nitrate
(14.88 pg/L), and phosphate (6.48 pg/L).

The study design involved the manipulation of
the abundance of zooplankton, simulating an

increasing grazing gradient, considering that the
effect of grazing on phytoplankton depends on the
community structure of grazers. We used a
dilution/concentration  technique, which is
employed to control the grazing of the zooplank-
ton on primary producers (Landry & Hassett,
1982; Calbet et al., 2012), and is based on actively
manipulating the abundance of zooplankton
through sequential dilutions and concentrations of
the lake water. This procedure indirectly controls
the encounter rate between grazer and prey.

Each sampling unit was composed of a plastic
bottle (5 L), attached to a floater and randomly
placed in the lake. This floating structure allowed
bottles to stay suspended in the sub-surface, with-
out shading. We had five replicates (bottles) of
each of the five treatments representing the graz-
ing gradient (see description below), totalizing 25
sampling units (microcosms).

For the preparation of mesocosms, water was
previously collected at many sites within the lake
using a water pump, and it was then mixed and
stored in a water tank (500 L) inside the boat.
This water represented the observed zooplank-
ton-phytoplankton relationship of the lake and
was used in all treatments to ensure the homoge-
neity of the initial experimental conditions. The
dilutions of predators were performed with the
water from the tank, and filtered with a plankton-
ic net (10 pm) to retain zooplankton. To avoid
unpredicted changes in the phytoplankton struc-
ture due to a shortage of resources and potential
community collapse, we supplied each sampling
unit with low-concentration nutrients in the
mesocosms (10 pg/L of nitrate and 0.5 pg/L of
phosphate, considering N:P = 20:1).

Samples of phytoplankton and zooplankton
obtained from the lake were considered as the
communities at the beginning of the experiment.
The phytoplankton was collected in 100 mL of
water, fixed with acetic Lugol. The zooplankton
was collected from 5 L of water filtered in a
plankton net (45 pum), fixed with formalin 40 %
buffered with calcium carbonate.

We simulated five different scenarios of the
predator-prey relationship; manipulating the
zooplankton density through dilution and
concentration (the filtration with the 45-um
plankton net retained all zooplankton). There-
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fore, treatments represented: (i) dilution of the
abundance of grazers to ¥4 of that observed in the
lake, or 25 % of grazers (T1), containing 1.25 L
directly from the tank and 3.75 L of filtered
water; (ii) dilution of the abundance of grazers to
', of that observed in the lake, or 50 % of grazers
(T2), containing 2.5 L directly from the tank and
2.5 L of filtered water; (iii) abundance of grazers
observed in the lake (T3), with 5 L directly from
the tank, without dilution or concentration; (iv)
2x the abundance of grazers in the lake (T4),
containing 10 L from the tank, concentrated into
5 L using the plankton net (45 pm); and (v) 4x
the abundance of grazers in the lake (T9),
containing 20 L from the tank, concentrated into
5 L using the plankton net (45 um).

Experimental units were exposed for 24 hours,
and then we took samples of 100 mL of each unit,
fixed with acetic Lugol, to analyze phytoplankton
qualitatively and quantitatively, and filtered 4.35
L of each sampling unit in a plankton net (45 pm),
fixed with formalin 40 %, to analyze zooplankton.
The remaining water of each experimental unit
was used to calculate the biovolume.

Analysis of Communities

The quantitative analysis of the phytoplankton
community was performed according to Uter-
mohl (1958), in an inverted microscope (Carl
Zeiss) with a millimetric ocular attached. Count-
ing was carried out in random fields, until the
stabilization of the increment of individuals per
class, and the result was expressed as individuals
(cells, colonies or filaments) per mL. The classifi-
cation of Cyanobacteria followed Komarek &
Anagnostidis (1986, 1989, 1998, 2005), and other
groups followed Reviers (2003). Identified taxa
were further classified into seven morphologi-
cal-functional groups (MBFGQG) following Kruk et
al. (2010), according to the characteristics of each
taxon (e. g. presence of aerotopes, flagella, muci-
lage, heterocyst, presence of silica, and volume).
The biomass of phytoplankton (mm3/L was
estimated from the individual biovolume, consid-
ering the geometric forms of algal cells, follow-
ing Hillebrand et al. (1999), Sun & Liu (2003)
and Fonseca et al. (2014). We took measurements
of volume, surface, maximum linear dimension,
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width, and height for each taxon, for a minimum
of 50 individuals, or from all individuals when
abundance was low.

The identification of the zooplankton species
was performed in an optic microscope (Olympus
CX41), following specialized literature (Smirnov,
1971, 1976, 1992; Koste, 1978; Elmoor-Loureiro,
1997; Dussart, 1984; Reid 1985). For the informa-
tion on zooplankton community composition
recorded in the experiment (See Table S1, is avail-
able at http://www.limnetica.net/en/limnetica).
The abundance was estimated by counting at least
50 individuals of each group (rotifers, cladocer-
ans, and copepods), in three sequential sub-sam-
plings (Bottrell et al., 1976), obtained with a
Stempell pipette (2.5 mL), in a Sedgwick-Rafter
chamber. Samples with a low number of individ-
uals were quantified entirely and results were
expressed as ind/L.

Zooplankton biomass was estimated from the
biovolume of rotifers (Ruttner-Kolisco, 1977), the
length—weight relationships of microcrustaceans
reported for the floodplain (Azevedo et al., 2012),
and literature, mostly from tropical regions
(Dumont et al., 1975; Melao, 1999; Maia-Barbosa
& Bozelli, 2005). 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.

Data analysis

A one-way Analysis of Variance (ANOVA) was
used to test for differences in the abundance of
zooplankton (grazers) among treatments (T1 to
T5), and thus ensure the efficiency of the experi-
mental design. Data on zooplankton abundances
had been transformed previously (log (x+1)).
Simple linear regressions using ordinary least
squares (Zar, 2009) were used to evaluate the
effect of the grazing gradient of the zooplankton
(total abundance and abundance of different
groups — rotifers, cladocerans, and copepods) on
phytoplankton (total abundance and biovolume
from different MBFGs). Data used in regressions
were those from the results of each sampling unit,
having subtracted the results from lake samples
(referential conditions) of predator and prey.
These data were transformed (loglO(x+1)) to
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approximate relationships to linear. Regression
models were fitted using function “lm” from the
package “stats” in the R Environment (R Core
Team, 2013). The assumptions of residual
normality and homoscedasticity were tested
using Shapiro-Wilk and Levene’s test, respec-
tively. Analyses were considered significant at
the level of a = 0.05 and developed using the
package “vegan” (Oksanen ef al., 2013). Graphs
were built in Statistica 7.0 (Statsoft Inc., 2005).

RESULTS
Phytoplankton and Zooplankton

The phytoplankton abundance was mainly repre-
sented by Chlorophyceae, followed by Crypto-
phyceae and Cyanobacteria in all treatments, and
Zygnemaphyceae in the lake. Considering the
biovolume of algae, Cyanobacteria dominated in
all experiments, followed by Chlorophyceae, and
Bacillariophyceae dominated in the lake (Figs.
la and 1b).

The total abundance and especially the
biovolume of phytoplankton increased along the

ZYG
XAN

Biovolume (mm?L)

grazing gradient and presented very high values
when compared to the lake (Figs. 1a and 1b). It
was also noted that the contribution of the func-
tional groups varied. MBFG VII had higher
biovolume in most of the treatments (T3, T4, and
T5) (Fig. 2a) and MBFG V had higher abundance
in all treatments (Fig. 2b).

As expected from the experimental design, the
abundance of zooplankton presented significant
variation along the grazing gradient (ANOVA,
F(4,2.01) = 16.87; p < 0.01). The post-hoc Tukey
test revealed that the average abundance of
zooplankton in treatment T1 was significantly
different from T4 and T5, and that T3 was differ-
ent from TS (p < 0.05) (Fig. 3a). We confirmed
the efficiency of the dilution/concentration proce-
dure, because the zooplankton abundance was
lower in the treatment with more dilution of the
predators (T1) and higher in treatments where
predators were concentrated (T4 and T5). Roti-
fers were numerically dominant in all treatments
and in the lake, followed by copepods and
cladocerans (Figs. 3a and 3b).

Comparing the beginning (lake) and end of
the experiment (treatments), similar values
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Figure 1. Total (a) abundance (ind/L) and (b) biovolume (mm3/L) of phytoplankton classes observed in the lake (beginning) and in
different treatments (end) from the grazing experiment conducted in Gargas Lake, in the Upper Parana river floodplain (Brazil). ZYG
= ZYGNEMAPHYCEAE; XAN = XANTHOPHYCEAE; EUG = EUGLENOPHYCEAE; DIN = DINOPHYCEAE; CYA =
CYANOBACTERIA; CRY = CRYPTOPHYCEAE; CHR = CHRYSOPHYCEAE; CHL = CHLOROPHYCEAE; BAC = BACI-
LLARIOPHY CEAE. Abunddncia total (ind/L) (a) e biovolume (mm3/L) (b) das classes do fitoplancton observadas na lagoa (inicio)
e em diferentes tratamentos (final) do experimento de predagdo, realizado na Lagoa das Gargas, na planicie de inundagdo do alto
rio Parand (Brasil). ZYG = ZYGNEMAPHYCEAE; XAN = XANTHOPHYCEAE; EUG = EUGLENOPHYCEAE, DIN = DINOPHY-
CEAE; CYA = CYANOBACTERIA; CRY = CRYPTOPHYCEAE,; CHR = CHRYSOPHYCEAE,; CHL = CHLOROPHYCEAE; BAC =

BACILLARIOPHYCEAE.
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Figure 2. Total and morphologically-based functional groups (MBFG) phytoplankton biovolume (mm3/L) (a) and abundance (ind/L)
(b), observed in the lake (beginning) and in different treatments (end) from the grazing experiment conducted in Gargas Lake, in the
Upper Parana river floodplain (Brazil). Biovolume total e dos principais grupos morfolégicos funcionais (MBFG) do fitopldncton
(mm3/L) (a), e abunddncia (ind/L) (b), observados na lagoa (inicio) e em diferentes tratamentos (final) do experimento de predagdo,
realizado na Lagoa Gargas, na planicie de inundagdo do alto rio Parand (Brasil).

a 1800 b
1600 | s
b
LE ) 1400
I a0 bc 2 1200
E :.g' 1000
= 300 —— c
5 ac - 3 800
= T ac c
S 200 ¢ 5 600
1] .—' L
2 — < 400
8 100 a
™ |_._| K 3 Routera
0 - 0 Il Copepoda
T T T T [JCadocera
T T2 T3 T4 T5
Cc 50 d
240 5
s
200 € 40
- o 3
2 160 % E 10
0 6.2 25
& 120 £%
5 g8
@ &
: x
40 N 5
E=E Rotifera
0 Il Copepoda 0
™ T2 13 T4 T5 L] Cladocera lake 9 T2 T3 T4 T5

Figure 3. Zooplankton abundance (ind/L) (a) (median (central bar), quartiles (boxes), and range (whiskers), abundance (ind/L) (b) and
biomass (pg/L) of the zooplankton groups (c), and zooplankton:phytoplankton coefficient (d) registered in the lake (beginning) and in
different treatments (end) from the grazing experiment conducted in Gargas Lake, in the Upper Parana river floodplain (Brazil). Letters
in a represent the results of the Tukey test. Abunddncia do zooplancton (ind/L) (a) (mediana (barra central), quartis (caixas) e amplitude
(whiskers)), abundancia (ind/L) (b) e biomassa (c) dos principais grupos zooplanctonicos, e zoopldncton:fitoplancton coeficiente (d)
registradas na lagoa (inicio) e nos diferentes tratamentos (final) do experimento de predacao, realizado na Lagoa Gargas, na planicie
de inundagado do alto rio Parana (Brasil). As letras em a representam os resultados do teste de Tukey.
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were observed in the lake and the treatment
with less dilution (T2) and the treatment with-
out manipulating grazers (T3) (Fig. 3b). The
higher abundance observed in concentered
treatments should already be higher at the
beginning. However, the proportion of commu-
nity abundance between the beginning and the
end of the experiment was not maintained. The
abundance of rotifers and copepods decreased,
and the abundance of cladocerans increased at
the end of the experiment, although rotifers
continued to dominate.

The zooplankton biomass, as expected, was
greater in the concentrated treatments (T4 and
T5). Rotifers also showed the highest values in all
treatments, cladocerans in T4 and copepods in T5
(Fig. 3c).

Responses of Phytoplankton to the Grazing
Pressure by Zooplankton

The gradient of grazing pressure by zooplankton
influenced MBFG 1II (large filaments with aero-
topes) because the relationships between the
abundance of zooplankton and rotifers and the
biovolume of these algae were only significant
and inversely related (B = -0.85, p < 0.01; 12 =
0.32; B=-0.54; p <0.01; r2 = 0.29, respectively)
(Table 1).

In contrast, positive and significant relation-
ships were found between (i) the zooplankton
abundance and the biovolume of phytoplankton
and MBFG IV and MBFG VII; (ii) the rotifer
abundance and the biovolume of phytoplankton
and MBFG VII; (iii) the cladoceran abundance

Table 1. Linear regression models between the abundance of predators (zooplankton) and features of the prey (phytoplankton)
community, from the grazing experiment conducted in Gargas Lake, upper Parana River floodplain (Brazil). R2 is the coefficient of
determination, B¢ and B are the intercept and slope coefficient from linear models, respectively, and p is the significance at a = 0.05.
Modelos de regressdo linear entre a abundancia de predadores (zooplancton) e caracteristicas da comunidade de presas (fitopldnc-
ton), a partir do experimento de predagio realizado na Lagoa Gar¢as, na planicie de inunda¢do do alto rio Parand (Brasil). R2 é o
coeficiente de determinagdo, ) e f] sdo o intercepto e o coeficiente de inclinacdo dos modelos lineares, respectivamente, e p é a

significancia em o. = 0.05.

Predator Prey R? Bo B 4
Zooplankton (ind/L)  Total biovolume (mm?/L) 0.248 -0.124 0.184 0.011
MBFG 1V biovolume (mm?/L) 0.166 -0.030 0.032 0.043
MBFG VII biovolume (mm?/L) 0.246 -0.215 0.180 0.011
MBFG III biovolume (ind/L) 0.321 3.054 -0.848 0.003
Rotifers (ind/L) Total biovolume (mm?/L) 0.172 0.067 0.103 0.030
MBEFG VII biovolume (mm?/L) 0.179 -0.032 0.103 0.030
MBFG III abundance (ind/L) 0.291 2.302 -0.540 0.005
Cladocerans (ind/L)  Total Biovolume (mm?/L) 0.448 0.046 0.276 0.001
MBFG I biovolume (mm?/L) 0.324 -0.001 0.004 0.002
MBFG V biovolume (mm?/L) 0.288 0.045 0.055 0.005
MBFG VII biovolume (mm?/L) 0.389 -0.034 0.253 0.001
Total Abundance (ind/L) 0.379 2.434 0.456 0.001
MBFG V abundance (ind/L) 0.241 2.558 0.162 0.01
Copepods (ind/L) Total Biovolume (mm?/L) 0.438 -0.117 0.291 0.001
MBFG I biovolume (mm?/L) 0.364 -0.003 0.004 0.001
MBFG V biovolume (mm?*L) 0.379 -0.005 0.067 0.001
MBFG VII biovolume (mm?/L) 0.387 -0.187 0.269 0.001
Total Abundance (ind/L) 0.345 2.187 0.463 0.002
MBFG V abundance (mm?3/L) 0.265 2.449 0.180 0.008
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and the biovolume of phytoplankton and MBFG
I, MBFG V and MBFG VII; (iv) the phytoplank-
ton abundance and MBFG V; and (v) the copepod
abundance and the biovolume of phytoplankton
and MBFG I, MBFG V and MBFG VII, as well
as with the abundance of phytoplankton and
MBFG V (Table 1). The zooplankton:phyto-
plankton coefficient (Jeppesen et al., 2003) was
highest in T2 and T4 (Fig. 3d), where MBFG V
dominated in the phytoplankton biovolume and
abundance, and MBFG VII in the biovolume
(Figs. 2a and 2b). More information recorded in
the experiment is provided in Fig. S1 (Supple-
mentary Material is available at http://www.
limnetica.net/en/limnetica).

DISCUSSION

The grazing pressure gradient did not affect the
phytoplankton abundance and biovolume due to
the increase of these attributes in all treatments
when compared to the lake. This finding was
expected for the dilution treatments but not for
the concentrated treatments. The MBFG attrib-
utes also increased in the treatments, but their
contribution changed. For instance, a greater
biovolume of MBFG VI was observed in the lake
than in the treatments, and the contribution of
MBFG V abundance did not change between the
lake and treatments. Therefore, it was not possi-
ble to confirm the existence of grazing pressure
among the grazers and the prey.

The establishment of the predator-prey
relationship depends on the different types of
predator in the environment, and also on the feed-
ing selectivity of these organisms and their ability
to select, manipulate, and consume prey (Lampert
et al.,1986; Hansen et al., 1994). In this context,
the inverse relationships between the abundances
of zooplankton, rotifers and MBFG III was
addressed to the high abundances of small algae
(e. g. Pseudoanabena mucicola with 7.5 ym x 2.5
um). Thus, small algae should be preferential
prey for rotifers, which dominated in the grazer
community. The aerotopes, which facilitate float-
ing and make them more accessible as prey in the
water column, could have favored grazing
(Walsby, 1994). Thus, among the zooplankton,
rotifers clearly represented grazing pressure.
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In contrast, the many positive and significant
relationships observed between the abundance of
zooplankton, rotifers, cladocerans and copepods,
and the abundance, biovolume, and morphologi-
cally-based functional groups of phytoplankton
showed a weak predator-prey relationship, which
allowed the grazer populations to be maintained
at the end of the experiment. These relationships
also suggested the direct effect of nutrient release
(bottom-up mechanism) overlapping with the
predator-prey relationship (top-down mecha-
nism) (Carpenter et al., 1985). The nutrients
supplied by the disruption of the algal cells (slop-
py feeding) and/or the excretion of nutrients by
zooplankton, may have favored the growth of
phytoplankton, during the experiment (Oliver et
al., 2014). Considering the synergic role of these
two mechanisms, some studies state that positive
correlations between predator and prey abun-
dances occur when the prey growth rate exceeds
the grazing rate, and the growth is limited only by
the availability of resources (Pereira et al., 2005).
Moreover, the growth of the prey populations is
faster than those of the predator.

In our study, the increase in the abundance and
biovolume of the morphologically-based func-
tional groups is also supposed to be related to the
low efficiency of grazing due to the short duration
of the experiment, which possibly did not allow
for the growth of grazer populations. Moreover,
the low efficiency of grazing may also have influ-
enced the results, and it could be related to the
selective pressure on better competitors and/or the
morphology of prey, which did not favor grazing
(Straile, 1997). For instance, phytoplankton may
present protuberances, processes and spines
(Padisék et al., 2003) and, in some extreme cases
such as cyanobacteria, they present mucilage,
which gives them the ability to survive through
the digestive system of grazers (Porter, 1976).

The positive and significant relationships
between the abundance of zooplankton, rotifers,
cladocerans and copepods and the biovolume of
MBFG VII, including cyanobacteria (Kruk et al.,
2010; Dias & Huszar, 2011), may be related to
the presence of mucilage and/or the size of the
colony, which are effective strategies to reduce
biomass loss by grazing (Kruk et al., 2017). The
reduced grazing of these organisms is a result of
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the decreased efficiency of the filtering apparatus
of grazers (Bonecker et al., 2007), which explains
the remarkable increase of abundance and
biomass for this group of algae in all treatments,
when compared to the lake.

The increase in abundances of cladocerans and
copepods was related to the increase in the biovol-
ume and abundance of MBFG V, represented by
unicellular flagellates of medium to large size (up
to 11.6 um). Among microcrustaceans, copepods
are selective regarding the type of food and are
capable of manipulating phytoplankton particles,
selecting high-quality cells and eliminating toxic
components or those algae that do not provide a
high energy gain (DeMott et al., 1991; Russo et
al., 2016). An experimental study showed a strong
and significant relationship between autotrophic
nanoflagellate and copepod abundances, which
was attributed to the selective grazing by cope-
pods on medium-sized (20-40 um) ciliates, repre-
senting a potential predator for these flagellates
(Zollner, et al., 2003). The biomass of these
microcrustaceans also increased where the biovol-
ume and abundance of MBFG V were important
to the phytoplankton community, and the
zooplankton:phytoplankton ratio was higher.

MBFG 1V, represented by medium-sized
algae that are palatable for zooplankton, also
showed an increased biovolume in most of the
treatments. These algae present high energy gain
and are potentially predated by cladocerans
(Rubenstein & Koehl, 1977; Colina et al., 2016),
which also increased in abundance, when com-
pared to the lake, mainly in the higher grazing
treatments. The increase in cladoceran abundance
probably influenced the decreased abundance of
rotifers and copepods in the same treatments.

Positive and significant relationships observed
among cladoceran and copepod abundance and
MBFG I biovolume was observed due to the pred-
ator-prey relationship. These algae are considered
as microphages (very small - up to 5 um - with a
high surface/volume ratio), and shwould probably
be a preferential prey for cladocerans, represented
mainly by small body-size species, and copepods,
represented mainly by nauplii. The size of the
particles consumed by zooplankton is directly
related to their body size (Ozkan et al., 2014;
Bomfim et al., 2018).

CONCLUSION

Rotifers dominated the zooplankton community,
but their abundance decreased at the end of the
experiment, as did the abundance of copepods,
while cladoceran abundance increased. The
findings suggested competition among these
species. Copepods were represented mainly by
nauplii and cladocerans by small body-size
species. The zooplankton composition did not
change in the experiment. The increase in the
abundance and biovolume of phytoplankton was
related to bottom-up mechanisms, and the change
in the MBFGs’ contribution was related to the
increase in the abundance of zooplankton and
groups, competition among grazers and exploita-
tive competition among MBFGs. Only rotifers
showed a grazer gradient pressure on small
cyanobacteria. Other MBFGs provided a food
resource for the microcrustaceans, but their abun-
dance did not decrease. The results allowed us to
corroborate our hypothesis partially, and the
experiment contributes to the knowledge on an
important part of the trophic dynamics among
planktonic communities in subtropical floodplain
shallow lakes.
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