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Abstract In tropical climates, free-floating aquatic

plants may dominate shallow lakes and affect trophic

interactions between zooplankton and their predators

have been presented as an important subject to be

investigated. The present study used mesocosms

within a tropical lake in rural São Paulo-Brazil to test

the hypothesis that free-floating macrophytes (FFM)

reduce predation pressure on prey, as these aquatic

plants provide refuge and shade. Fish predation by

Astyanax lacustriswas observed with the presence and

absence of the FFM Eicchornia crassipes over a

period of 5 weeks. FFM promoted a more diverse

community structure by providing new habitats,

especially for small- to medium-sized littoral clado-

cerans. Tropocyclops prasinus meridionalis were

more abundant with the presence of macrophytes.

Furthermore, the size distribution of zooplankton

differed between treatments at the end of the exper-

iment, in which the larger organisms were less

abundant in the treatment with FFM. The present

study suggests that FFM affected the interactions

between zooplankton and predators, but this influence

occurred due to the macrophytes acting as refuge to

smaller organisms rather than large-sized individuals.

The results also indicated that the macrophytes

influenced the zooplankton community by contribut-

ing to an increased species richness.
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Rua Cristóvão Colombo, 2265,

Jardim Nazareth, São José do Rio Preto,
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Introduction

Fish predation is among the main influencing factors

on zooplankton communities in shallow lakes (Brooks

& Dodson, 1965; Jeppesen et al., 1990, 1996; Iglesias

et al., 2011; Havens et al., 2015). Zooplankton

communities show behavioral shifts according to the

level of presence of omni-planktivorous fish (Burks

et al., 2002; Meerhoff et al., 2007) or complete

changes in their size structure (Brooks & Dodson,

1965; Burks et al., 2002; Brucet et al., 2005; Jeppesen

et al., 2007; Iglesias et al., 2008; Brucet et al., 2010).

Moreover, by removing certain zooplankton groups

with specific functional traits, fish predation has been

shown to affect the structure of zooplankton commu-

nities (Iglesias et al., 2008; Lavorel et al., 2008), and

consequently the functional diversity.

The direct predation of fish on zooplankton can

have a cascade effect throughout the aquatic food web

and have an indirect influence on the phytoplankton

community (Carpenter & Kitchell, 1984; Sterner,

1989; Vanni & Findlay, 1990; Iglesias et al., 2017).

Zooplankton may be consumed by macroinvertebrates

as well, especially by the larvae of Chaoborus sp.

(Lichtenstein, 1800, larvae). These larvae are oppor-

tunistic and feed on other planktonic organisms, and in

stages III and IV they feed mainly on cladocerans and

copepods (Castillho-Noll & Arcifa, 2007). Inverte-

brate predators feed on smaller prey when compared to

the prey consumed by fish. Therefore, predaceous

invertebrates influence the zooplankton community in

a manner different from that of fish (Arcifa et al.,

2015). Chaoborus sp. is also predated by planktivo-

rous fish, which represents an intraguild predation

relationship. Thus, depending on the strength of the

links of the food web, predaceous fish may indirectly

favor the proliferation of small zooplankton. In this

way, Chaoborus sp. larvae have been reported to

uncouple the fish–zooplankton interaction (Pujoni

et al., 2016).

The direct and indirect interactions between preda-

tor and prey might be influenced by certain ecosystem

conditions, which include the presence of macro-

phytes. These aquatic plants are known to provide a

higher diversity of food items for detritivorous (De-

bastiani-Júnior et al., 2016), omnivorous and carniv-

orous (Thomaz & Cunha, 2010) vertebrate and

invertebrate organisms, and support higher taxonomic

and functional diversity. Submerged macrophytes

have been shown to influence predator–prey interac-

tions by providing refuge for zooplankton (Timm &

Moss et al., 1984; Burks et al., 2002). This idea is

central to the alternative regimes hypothesis, and it has

been researched substantially for temperate systems of

the northern hemisphere (Blindow et al., 1993;

Scheffer et al., 1993, 2003). However, some studies

suggest that in subtropical climates zooplankton avoid

macrophytes (Meerhoff et al., 2006, 2007) because

fish predation occurs in the middle of the plants

(Teixeira de Mello et al., 2009). Interactions between

planktivorous fish and zooplankton communities are

poorly understood in tropical climates, of which the

zooplankton communities are dominated by smaller

species when compared to those of a temperate climate

(Havens et al., 2015). Aquatic food webs in tropical

climates are also very complex with high abundance

and diversity of predaceous macroinvertebrates (Cas-

tilho-Noll & Arcifa, 2007) and free-floating macro-

phytes (Scheffer et al., 2003).

In the absence of predators, macrophytes have been

shown to influence the functional diversity and size

structure of zooplankton communities by providing

habitat heterogeneity and increasing ecosystem niches

(Meerhoff et al., 2007; Pantel et al., 2015; Bolduc

et al., 2016; Stephan et al., 2019). Therefore, it can be

assumed that the influence of predation on zooplank-

ton communities will vary according to the presence

and absence of macrophytes, since these plants act as a

refuge against predation (Thomaz & Cunha, 2010) or

as a habitat for fish (Teixeira de Mello et al., 2009), in

which case the positive effect on prey will not occur.

Thus, the present study aimed to verify how the

presence of free-floating macrophytes interferes in the

role of planktivorous predators on a tropical zoo-

plankton community. We hypothesized that, in the

presence of free-floating macrophytes, prey could

become less visible by using these plants as refuge or

by shading caused by plants, resulting in a decrease in

predation pressure on prey, especially the larger ones.

Consequently, the zooplankton community that suf-

fers predation in the presence of free-floating macro-

phytes would be more abundant with larger

individuals than communities where there is predation

but no plants. In addition, zooplankton communities

suffer predation where there is predation with no

plants. In addition, we tested the hypothesis that the

presence of free-floating macrophytes will increase

species diversity when considering the potential of
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these plants to increase the number of microhabitats

and ecological niches.

Materials and methods

The present study was carried out using mesocosms to

test how free-floatingmacrophytes influence predation

by planktivorous fish on the zooplankton community

in a tropical climate (Alvares et al., 2013), following

experimental designs described in Arcifa et al. (1986)

and Castilho-Noll & Arcifa (2007). The experiment

lasted approximately 2 months, from April 30 to June

3 of 2015, and was carried out in a pond in rural São

Paulo, Brazil (48� 550 41.500 W and 21� 130 31.400 S).
The pond is an artificial, eutrophic reservoir with

Zmax = 5 m; surface area = 32,795 m2; maximum

length = 315.6 m and maximum width = 157.3 m

(Câmara et al., 2012; Castilho-Noll et al., 2012). This

pond has low densities of rooted and free-floating

macrophytes (FFM), which are concentrated in the

littoral zones. The Eichhornia crassipesMart. (Solms)

is the most abundant free-floating macrophyte.

Eight cylindrical PVC enclosures (transparent;

diameter = 1.3 m and length = 5 m) with a water

volume of approximately 5.63 m3 (Fig. 1a) were

placed in the limnetic region of the pond (Fig. 1b).

The length (height) of all enclosures was sufficient to

reach the bottom of the lake and encompass the entire

water column. Aluminum rings were used to maintain

their structure, and the enclosures were fixed and

anchored with ropes penetrating ca. 0.30 m into the

sediment. The mesocosms were kept attached to a

plastic bottle for buoyancy in a manner that the

structures were open to the atmosphere and to the

bottom of the lake (Fig. 1b). A net with 1 cm mesh

was attached to the bottom of the mesocosms to

prevent fish from escaping. Mesocosms were filled

with water from the pond to obtain a natural

abundance and composition of the pond phytoplank-

ton and zooplankton species Simocephalus latirostris

Stingelin, 1906, Daphnia laevis Birge, 1879, Macro-

thrix spinosaKing, 1853, Ilyocryptus spinifer Herrick,

1882, Thermocyclops decipiens (Kiefer, 1929),

Tropocyclops prasinus meridionalis (Kiefer, 1931),

Chaoborus sp. larvae (Fig. 1c). One week before, the

treatments were assigned, the zooplankton composi-

tion was homogenized by pooling vertical tows from

each mesocosm, and 350 ml of the resulting

concentrate was redistributed into each mesocosm.

The present study was carried out using two treatments

with four replications (N = 8): Without free-floating

macrophytes (Without FFM) and With free-floating

macrophytes (With FFM). Both treatments contained

the planktivorous fish.

The present study used Astyanax lacustris (Lütken,

1875) as the predator fish species for its omnivorous–

zooplanktivorous habits (Arcifa et al., 1991; Esteves

& Galetti, 1995). This native fish species inhabits the

entire water column in both the littoral and limnetic

zones (Casatti, 2002). A. lacustris specimens were

obtained from a fish farm and were stocked in the

mesocosms with a length of 6.38 cm (± 0.83). The

widely distributed native free-floating macrophyte

Eichhornia crassipes was used due to its high

abundance in the pond where the experiment was

carried out. The macrophytes were obtained from the

littoral zone of the pond and were gently washed

before adding to the With FFM mesocosms, and were

then stocked with approximately 50% coverage of the

enclosure water surface (Fig. 1d). Coverage was

observed during sampling periods and maintained by

removing excess plants. It was necessary to remove

macrophytes only on day 14 since plant growth

obtained a 100% coverage of the water surface in the

mesocosms.

Environmental parameter conditions were recorded

at the beginning of the experiment and homogeneous

conditions were shown for both treatments (Table 1).

At the beginning (Day 1) of the experiment, Astyanax

lacustris were stocked in the mesocosms at a density

of 3 fish/m3, which is similar to their density in the

environment (Rocha et al., 2009). This species occu-

pies the entire water column since their feeding habits

include consuming items in the water column (Casatti,

2002). Free-floating macrophytes were collected in the

littoral zone of the pond and were gently washed

before being added to the With FFM mesocosms.

Plankton and environmental variables were sampled

weekly (Day 1, 7, 14, 21, and 28) starting on the first

day of the experiment.

At the end of the experiment (Day 28), all

remaining fish individuals were removed from the

mesocosms, using a coupled net in the bottom of the

mescosm. The fish were anesthetized with eugenol

(Lucena, et al., 2013), fixed with 10% formaldehyde,

and stored in bottles with 70% alcohol for analysis of

their stomach contents.
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Environmental variables

Temperature, conductivity, dissolved oxygen, and pH

were analyzed weekly in each mesocosm with a

multiparameter (YSI Model 556) 50 cm below the

water surface. Depth and water transparency were

measured using a Secchi disk. Others environmental

parameters measured were the concentrations of total

nitrogen and total phosphorus (APHA 2012), chloro-

phyll a (Golterman et al., 1978), and total suspended

solids (Teixeira & Kutner, 1962).

Zooplankton sampling and analysis

Zooplankton samples were collected by filtering an

average of 2.5 m3 of water using vertical trawls with a

conical plankton net (45 lm mesh), starting from the

pond bottom to the water surface to obtain samples

that represent the entire water column. In the With

FFM mesocosms, the samples were taken in the

middle of the plants. The captured organisms were

anesthetized with gaseous water and fixed with 4%

formaldehyde. Microcrustaceans (adult Copepoda and

Cladocera) were identified at the species level, while

Fig. 1 Experimental enclosures introduced in the pelagic zone

of the lake. Photographs show how the mesocosms look in

various states, such as outside the water after removal. The

1.3 m diameter and 5 m in length can be seen in the picture with

the men holding the plastic structure (a). Other photographs

show the enclosures floating in the pelagic zone of the lake (b),
With and Without free-floating macrophytes (c, d)
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copepodites were analyzed separately and rotifers

were classified as Rotifera. Zooplankton were counted

using three 1 mL subsamples obtained with a Stempel

pipette and placed on square Petri dishes for exami-

nation under a stereoscopic microscope, or on

Sedgewick-Rafter slides under an optical microscope.

At least 60 individuals were counted in each subsam-

ple, and the coefficient of variation was verified to not

exceed 0.20 (McCauley, 1984). Chaoborus sp. larvae

and other microcrustacean species with low densities

were counted from the entire sample. When possible,

thirty individuals of each microcrustacean species per

sample were measured to the closest lm (McCauley,

1984). Two zooplankton size classes were determined

according to the feeding habits of the fish, of which

were an intermediate size class of 0.300–0.600 mm

and a large size class of[ 0.600 mm (Bonecker et al.,

2011). Abundances of each size classification was

estimated for each treatment during the experiment.

Statistical analysis

Repeated measures analysis of variance (RM-

ANOVA) was used to test the effect of the presence

and absence of free-floating macrophytes in the

treatments and the temporal variation on the zoo-

plankton densities, diversity index, and the main

environmental variables (chlorophyll a, temperature,

pH, dissolved oxygen, transparency, phosphorus, and

nitrogen). Differences between treatments for each

day were assessed with the Tukey’s post hoc test.

Student’s T test was applied to determine changes in

each size class of the zooplankton between treatments

at the beginning and at the end of the experimental

period. Before statistical analyses, zooplankton data

and environmental variables were log (x ? 1) or

square-root transformed to fulfill normality. Differ-

ences in the compositions of zooplankton species

between treatments at the beginning and at the end of

the experiment were tested using PERMANOVA and

SIMPER, through Bray–Curtis distances. The food

importance index (IAI) was calculated through the

visual estimation of the gut volume and transformed

into volumetric dominance for the calculation of the

IAI (Esteves & Galleti, 1995). Fish that had 100% of

digested unidentifiable material in their stomachs were

excluded for this analysis.

Results

Effects of treatments on the environmental

variables

Changes in environmental variableswere observedwith

the presence of free-floatingmacrophytes, especially on

day 14when these plantsweremore abundant (Table 1).

Significant differences were observed between treat-

ments over time for chlorophyll a (F(1, 5) = 11.4,

P\ 0.001), suspended material (F(1, 5) = 5.3,

P\ 0.001), pH (F(1, 5) = 14.01, P\ 0.001), dissolved

oxygen (F(1, 5) = 8.87, P\ 0.001), and transparency

(F(1, 5) = 15.7,P\ 0.001) (Table 2). The highest levels

of chlorophyll a (Post hoc Tukey test, P = 0.0001) and

suspended material (Post hoc Tukey test, P = 0.0009)

were observed onDay 14 in theWithout FFM treatment

(Table 1), and the pH (Post hoc Tukey test, P = 0.01)

and dissolved oxygen (Post hoc Tukey test, P = 0.002)

were significantly higher in treatment theWithout FFM

when compared to the With FFM (Table 2). Trans-

parency was significantly higher in the treatment With

FFM on day 14 (Post hoc Tukey test, P = 0.0001) and

21 (Post hoc Tukey test, P = 0.01) (Table 1).

Effects of treatments on zooplankton community

structure

Characteristics of the zooplankton community showed

responses to the presence of macrophytes and tempo-

ral changes. Significant differences between treat-

ments were observed over time for the densities of

Tropocyclops prasinus meridionalis males

(F(1,5) = 8.98, P = 0.001) and females (F(1,5) = 12.8,

P = 0.001) (Table 2). Densities of T. prasinus merid-

ionalis were higher With FFM until Day 21 (Post hoc

Tukey test, P = 0.04) (Fig. 2d, e). Chaoborus sp.

larvae exhibited a decrease in abundance for both

treatments after the fish were added to the mesocosms,

from day 7 until the end of the experiment, but no

statistical differences were observed between treat-

ments (Fig. 2f). Cladocera, Daphnia laevis, Cope-

poda, Thermocyclops decipiens males, T. decipiens

females, and Rotifera also showed no significant

differences between treatments over time (Table 2 and

Fig. 2). However, densities of D. laevis were signif-

icantly higher in the Without FFM treatment at day 21

(Post hoc Tukey test, P = 0.01; Fig. 2).
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At the beginning of the experiment, no significant

differences between treatments were shown regarding

thein size structure of the zooplankton, confirming the

succeed of the applied homogenization among meso-

cosms (Table 3). On the other hand, the size structure

was different between treatments and between sam-

pling days within in each treatment, with the interme-

diate size being more abundant at the end of the

experiment in the Without FFM (Table 3).

Species composition showed no difference between

treatments at the beginning of the experiment

(PERMANOVA test, F = 1.147, P = 0.43) (Table 4),

whereas differences were shown at the end (PERMA-

NOVA test, F = 3.257, P = 0.02). The SIMPER

analysis showed that the main dissimilarity was due

to differences in the abundances of Tropocyclops

prasinus meridionalis and Thermocyclops decipiens

(91.4% cumulative dissimilarity). Furthermore, the

emergence of Simocephalus latirostris at the end of

the experiment also contributed to the dissimilarity

between the communities of both treatments

(Supplementary material 1). Species richness was

significantly higher in the With FFM treatment

throughout the experiment (F(1, 5) = 4.54, P = 0.008;

Table 5). On Days 21 and 28, increased densities were

observed for several species that were not found in the

first weeks such as S. latirostris, Macrothrix spinosa,

Ovalona glabra (Sars, 1901), and Diaphanosoma

spinulosum Herbst, 1975 (Fig. 3). Furthermore, Ily-

ocryptus spiniferwas only found in the treatmentWith

FFM (Fig. 3). T. decipiens and T. prasinus meridion-

alis were the dominant species of Copepoda, with

small oscillations in the relative abundance throughout

the experiment. Paracyclops chiltoni (Thomson G.M.,

1883) and Ectocyclops rubescens Brady, 1904

occurred occasionally with low relative percentages

(Fig. 3).

Only 24 of the initial stock of 120 fish were

collected from the mesocosms on Day 28. It was not

possible to recover all fish and some mortality took

place, however, with the recovered fish, it was possible

to compare treatments. Stomachs of nearly half of the

Table 2 Results of RM-

ANOVA (treatment

interaction 9 time) for

densities of zooplankton

taxa, environmental

variables and diversity

indices

Bold values represent

statistically significant

results (p\ 0.05)

Treatment Day Treatment 9 day

F P F P F P

Cladocera 4.07 0.09 0.68 0.612 1.08 0.38

Daphnia laevis 16.13 0.01 0.46 0.758 1.65 0.20

Copepoda 0.96 0.37 8.05 < 0.001 0.93 0.46

Copepodites 3.55 0.11 21.31 < 0.001 2.76 0.056

Thermocyclops decipiens # 7.21 0.043 2.33 0.090 0.95 0.45

Thermocyclops decipiens $ 18.23 0.007 0.68 0.609 1.84 0.15

Tropocyclops prasinus meridionalis # 0.002 0.96 15.17 < 0.001 8.98 < 0.001

Tropocyclops prasinus meridionalis $ 4.10 0.09 6.02 0.002 12.8 < 0.001

Rotifera 1.12 0.33 1.51 0.236 1.06 0.39

Chaoborus 12.37 0.18 23.2 < 0.001 0.95 0.45

Chlorophyll_a (lg L-1) 7.69 0.03 5.49 0.001 11.4 < 0.001

Suspended solids (mg L-1) 9.93 0.02 3.89 0.009 5.3 0.001

Temperature (�C) 0.0 0.89 609.0 < 0.001 0.6 0.68

pH 20.96 0.005 25.06 < 0.001 14.01 < 0.001

Dissolved oxygen (mg L-1) 9.24 0.02 547.3 < 0.001 8.87 < 0.001

Transparency (cm) 30.29 0.002 26.02 < 0.001 15.7 < 0.001

Total nitrogen (mg L-1) 0.14 0.71 14.76 < 0.001 0.344 0.88

Total phosphorus (mg L-1) 0.07 0.78 10.01 < 0.001 1.73 0.16

Richness 7.22 0.04 7.60 < 0.001 4.54 0.008

Dominance_D 4.06 0.09 0.74 0.575 1.38 0.27

Shannon_H 1.91 0.22 1.17 0.35 2.26 0.09

Equitability_J 26.16 0.003 11.55 < 0.001 7.94 < 0.001
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analyzed fish were empty regardless of the treatment.

The most representative items in the stomach contents

of fish were digested material (56%), Chaoborus sp.

larvae (20%), and Cladocera (24%) in the Without

FFM treatment (Supplementary Material 2). Stomach

contents of the fish in the With FFM treatment showed

digested material (75%), insect remains (16%), and

plant remains (9%).

Discussion

Results of the present study indicate that there were no

unique responses of the zooplankton community to the

presence of free-floating macrophytes and that the

observed effects depended clearly on the zooplankton

group considered. The presence of free-floating

macrophytes appeared to have no refuge or shading

effect for the relatively large, free-swimming clado-

ceran species (e.g., Daphnia laevis) as previously

observed in a subtropical environment (Meerhoff

et al., 2006, 2007), and for large Chaoborus sp.

larvae. On the other hand, the macrophytes appeared

to provide a protective effect for the small- and

medium-sized littoral cladocerans. Furthermore, the

copepods showed responses that were specific to

certain species.

The responses of the zooplankton appear to be

influenced by other factors beyond direct predation.

Results of the present study suggest that free-floating

macrophytes may serve as a habitat rather than a

refuge. Previous studies have shown that Eichhornia

crassipes are generally used by certain zooplankton

species because the plants serve as a habitat that is

ideal for their life habits or morphological adaptations

(Montiel-Martı́nez et al., 2015). Furthermore, in

subtropical region, E. crassipes was suggested to

provide little or no refuge for pelagic zooplankton

against predation (Meerhoff et al., 2006) since preda-

ceous fish occur in greater abundances among

Fig. 2 Averages and standard errors of the densities of

Daphnia laevis (a), Thermocyclops decipiens male (b), Ther-
mocyclops decipiens female (c), Tropocyclops prasinius merid-
ionalis male (d), Tropocyclops prasinius meridionalis female

(e), Chaoborus (f) during the 5 weeks of the experiment. The

chart includes averages of the replicas and the standard error bar.

Tukey’s post hoc tests were performed, and the results are

indicated by the letters a, b
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macrophyte banks (Meschiatti & Arcifa, 2002; Teix-

eira de Mello et al., 2009). Nevertheless, the present

study showed an increase in species richness with the

presence of free-floating macrophytes, further sup-

porting that these plants benefit the ecosystem by

increasing the available microhabitats. The zooplank-

ton were perhaps able to proliferate in these micro-

habitats by leaving eggs attached on roots or

submersed parts of the macrophytes (Battauz et al.,

2017), by wind dispersion (Lopes et al., 2016), or

coming from sediment by hatching of resting eggs

(Brendonck & De Meester, 2003).

The cladocerans Ovalona glabra, Macrothrix

spinosa and Ilyocryptus spinifer are medium- to

small-sized species that have morphological adapta-

tions for fixation and creep (Fryer, 1968, 1974),

allowing them to explore the microhabitat provided by

the submerged parts of macrophyte roots. Simo-

cephalus latirostris was also observed, representing

another genus with adaptations for fixing to substrates

while it filters the water to capture suspended solids

(Fryer, 1991; Orlova-Bienkowskaja, 2001). Thus, the

relative abundances of plant-attached species began to

appear and increased throughout the experimental

period in the treatment with macrophytes, whereas the

relative abundances of larger free-swimming species,

such as Daphnia laevis, were reduced.

The low density of Daphnia laevis with the

presence of macrophytes was perhaps due to a

decrease in phytoplankton resulted from the shading

effect of macrophytes (O’Farrell et al., 2009; Fonta-

narrosa et al., 2010). Higher densities of free-floating

macrophytes have been shown to reduce the available

light for communities of phytoplankton and photo-

synthetic organisms, causing an overall decrease in

chlorophyll a (Sinistro et al., 2006; O’Farrell et al.,

2009) and consequently a lack of natural food sources

for large cladocerans. In addition, results of the present

study suggest that macrophytes may lead to decreases

in dissolved oxygen (Villamgna &Murphy, 2010) and

suspended material (De Neiff et al., 1994), and

increases in pH (Bicudo et al., 2007) and transparency

(Estlander et al., 2009). Increased transparency facil-

itates the predation efficiency of visual hunter fish,

exacerbating the predation effect on the zooplankton

community.

Copepods are generally considered as a main diet

item of Astyanax lacustris fish in tropical aquatic

environments (Maia-Barbosa & Matsumura-Tundisi,T
a
b
le
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1984; Esteves, 1996; Vilella et al., 2002; Câmara et al.,

2012). The copepod Tropocyclops prasinus meridion-

alis is abundant in these environments and occurs in

the littoral zones of shallow tropical lakes (Câmara

et al., 2012; Castilho-Noll et al., 2012). Higher

densities of T. prasinus meridionalis were shown with

the presence of macrophytes perhaps due to the

opportunity to use the macrophytes roots as refuge

against predation by the A. lacustris.

Influence of macrophytes on the interactions

between zooplankton and invertebrate predators may

have an indirect effect on the interactions between

planktivorous fish and the zooplankton community

structure, of which both predators compete for the

same food source and one predator feeds on the other.

Furthermore, the presence or absence of the macro-

phytes and the refuge that they provide can influence

the whole interaction complex. Astyanax lacustriswas

the considered as the top predator in the mesocosms of

the present study, consuming both Chaoborus sp.

larvae and Daphnia laevis (Arcifa et al., 1986, 2015;

Câmara et al., 2012). However, the observed decrease

in the densities of Chaoborus sp. larvae regardless of

the presence of macrophytes indicated that predation

by the fish occurred despite the potential of the

macrophyte as a refuge, ultimately reducing the

influence of the predaceous invertebrates on the

zooplankton community.

In general, the structuring role of predaceous fish in

tropical regions as observed in other studies (Esteves,

1996; Pujoni et al., 2016; Soares et al., 2016;

Fernando, 1994; Pinto-Coelho et al., 2008; Bonecker

et al., 2011) was experimentally confirmed in the

present study. Furthermore, only the zooplankton

species adapted to inhabit plant microhabitats reduced

their vulnerability to fish predation by occupying the

free-floating macrophytes, whereas free-swimming

species remained vulnerable to fish predation regard-

less of the presence of a potential safety environment

provided by free-floating plants. The differences in the

size class structure of the zooplankton between

treatments showed that the macrophytes influence

predator–prey interactions. No difference in the pro-

portion of sizes between treatments was observed but

the difference between size classes was visibly lower

in the treatment with the macrophytes when compared

to the treatment without the plants.

In conclusion, the presence of free-floating macro-

phytes in tropical aquatic environments appears to

influence the interactions between planktivorous

predators and zooplankton. However, this influence

does not occur due to the macrophytes acting as refuge

Table 4 Results of the multivariate permutational analysis (PERMANOVA) of differences in zooplankton composition among

treatments in the beginning and at the end of the experiment

Permutation 9999

Treatment Total sum of squares Within-group sum of squares F P

Day 1 0.0769 0.062 1.147 0.43

Day 28 0.341 0.206 3.257 0.03

Table 5 Diversity index values by treatment and day

Diversity

Index

Day 1 Day 7 Day 14 Day 21 Day 28

Without

FFM

With

FFM

Without

FFM

With

FFM

Without

FFM

With

FFM

Without

FFM

With

FFM

Without

FFM

With

FFM

Richness 3a 6a 5a 7a 3a 7b 5a 7a 6a 9a

Dominance_D 0.4885a 0.4712a 0.5666a 0.5155a 0.4644a 0.5329a 0.4856a 0.5691a 0.4417a 0.5109a

Shannon_H 0.789a 0.8291a 0.7196a 0.7919a 0.8405a 0.7147a 0.8283a 0.6511a 0.9462a 0.8293a

Equitability_J 0.7182a 0.4627b 0.4471a 0.4069a 0.765a 0.3673b 0.5147a 0.3346a 0.5281a 0.3774a

Tukey’s post hoc tests were performed, and the results are indicated by the letters a, b
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to large zooplankton, but their presence still modifies

the zooplankton community structure through a series

of complex interactions that are still far from com-

pletely understood.
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