
Resultados das análises estatísticas mostraram que a riqueza, a abundância e a composição dos invertebrados aquáticos 
emergentes de estágios dormentes não variaram em função da presença de peixes. Por outro lado, análises restritas às 
áreas úmidas com peixes anuais indicaram menor riqueza e abundância de invertebrados aquáticos emergentes de 
estágios dormentes associados às áreas úmidas com maiores densidades de peixes anuais. Nossos resultados sugerem um 
efeito limitado de peixes anuais predadores sobre a estrutura da comunidade dormente de invertebrados aquáticos. Esses 
resultados podem estar relacionados à dieta, ontogenia e à estocasticidade das populações de peixes anuais. De fato, o 
efeito de peixes anuais sobre os invertebrados aquáticos emergentes de estágios dormentes parece estar mais relacionado 
à densidade de predadores.
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ABSTRACT

Effects of the presence of annual killifish on the assemblage structure of resting stages of aquatic invertebrates in 
temporary ponds

Predation pressure from vertebrates can affect the production of aquatic invertebrate resting stages in ponds, but the effects 
of seasonal predation on the assemblages of their hatchlings remains poorly understood. This study assessed the effects of 
the presence and density of annual killifish predators on the structure of assemblages of aquatic invertebrate hatchlings, as 
well as on the density and size of cladoceran eggs in southern Brazil temporary ponds. Dry sediment samples were collected 
from ponds that differed according to the presence and density of annual fishes, being four ponds without annual fish and 
four with annual fish at various densities. We detected no difference in density and size of cladoceran eggs between ponds 
with and without annual fish. Model selection procedures showed that the hatchling assemblage structure (richness, 
abundance and composition) did not change in relation with fish presence. Nonetheless, richness and abundance of hatch-
lings was lower in ponds with higher densities of annual fish. Our results suggest a limited effect of annual fish predators on 
the assemblage structure of resting stages of aquatic invertebrates, which can be related to dietary, ontogenetic and stochas-
tic contingencies associated with populations of annual fish. In particular, the effect of annual fish on aquatic invertebrate 
hatchlings seemed to be more related with predator density.
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RESUMO

Efeitos da presença de peixes anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos em áreas 
úmidas temporárias

A pressão de predação de vertebrados pode influenciar a produção de estágios dormentes de invertebrados aquáticos em 
áreas úmidas, embora os efeitos de predadores com ciclos de vida sazonais sobre a estrutura de comunidades dormentes 
seguem pouco compreendidos. Este estudo avaliou os efeitos da presença e densidade de espécies predadoras de peixes 
anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos, bem como sobre a densidade e tamanho 
dos ovos efipiais de cladóceros em áreas úmidas temporárias do extremo sul do Brasil. Amostras de sedimentos secos 
foram coletadas em áreas úmidas que diferiram de acordo com a presença e densidade de espécies de peixes anuais, sendo 
quatro áreas úmidas sem peixes anuais e quatro com peixes anuais, em diferentes densidades. Não foram encontradas 
diferenças na densidade e no tamanho dos ovos efipiais de cladóceros entre as áreas úmidas com e sem peixes anuais. 
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Resultados das análises estatísticas mostraram que a riqueza, a abundância e a composição dos invertebrados aquáticos 
emergentes de estágios dormentes não variaram em função da presença de peixes. Por outro lado, análises restritas às 
áreas úmidas com peixes anuais indicaram menor riqueza e abundância de invertebrados aquáticos emergentes de 
estágios dormentes associados às áreas úmidas com maiores densidades de peixes anuais. Nossos resultados sugerem um 
efeito limitado de peixes anuais predadores sobre a estrutura da comunidade dormente de invertebrados aquáticos. Esses 
resultados podem estar relacionados à dieta, ontogenia e à estocasticidade das populações de peixes anuais. De fato, o 
efeito de peixes anuais sobre os invertebrados aquáticos emergentes de estágios dormentes parece estar mais relacionado 
à densidade de predadores.

Palavras chave: dormência, efípios, tamanho corporal, peixes anuais, áreas úmidas intermitentes
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ABSTRACT

Effects of the presence of annual killifish on the assemblage structure of resting stages of aquatic invertebrates in 
temporary ponds

Predation pressure from vertebrates can affect the production of aquatic invertebrate resting stages in ponds, but the effects 
of seasonal predation on the assemblages of their hatchlings remains poorly understood. This study assessed the effects of 
the presence and density of annual killifish predators on the structure of assemblages of aquatic invertebrate hatchlings, as 
well as on the density and size of cladoceran eggs in southern Brazil temporary ponds. Dry sediment samples were collected 
from ponds that differed according to the presence and density of annual fishes, being four ponds without annual fish and 
four with annual fish at various densities. We detected no difference in density and size of cladoceran eggs between ponds 
with and without annual fish. Model selection procedures showed that the hatchling assemblage structure (richness, 
abundance and composition) did not change in relation with fish presence. Nonetheless, richness and abundance of hatch-
lings was lower in ponds with higher densities of annual fish. Our results suggest a limited effect of annual fish predators on 
the assemblage structure of resting stages of aquatic invertebrates, which can be related to dietary, ontogenetic and stochas-
tic contingencies associated with populations of annual fish. In particular, the effect of annual fish on aquatic invertebrate 
hatchlings seemed to be more related with predator density.

Key words: dormancy, ephippial egg, body size, annual fish, intermittent wetlands

RESUMO

Efeitos da presença de peixes anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos em áreas 
úmidas temporárias

A pressão de predação de vertebrados pode influenciar a produção de estágios dormentes de invertebrados aquáticos em 
áreas úmidas, embora os efeitos de predadores com ciclos de vida sazonais sobre a estrutura de comunidades dormentes 
seguem pouco compreendidos. Este estudo avaliou os efeitos da presença e densidade de espécies predadoras de peixes 
anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos, bem como sobre a densidade e tamanho 
dos ovos efipiais de cladóceros em áreas úmidas temporárias do extremo sul do Brasil. Amostras de sedimentos secos 
foram coletadas em áreas úmidas que diferiram de acordo com a presença e densidade de espécies de peixes anuais, sendo 
quatro áreas úmidas sem peixes anuais e quatro com peixes anuais, em diferentes densidades. Não foram encontradas 
diferenças na densidade e no tamanho dos ovos efipiais de cladóceros entre as áreas úmidas com e sem peixes anuais. 
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.

ACKNOWLEDGEMENTS

This study was funded by the Brazilian National 
Research Council (CNPq - grant number 
474892/2013-1). Cristina Stenert and Leonardo 
Maltchik hold CNPq Research Productivity 
grants. CAPES (Coordination for the Improve-
ment of Higher Education Personnel) currently 
grants a PhD scholarship to Daiane Vendramin. 
Mateus Marques Pires is currently a postdoctoral 
research fellow at Unisinos, funded by CNPq. 
Martin Reichard received grant from the Czech 
Science Foundation project (P505/12/G112). We 
declare that data collection complied with current 
Brazilian environmental laws (SISBIO 36365-2).

REFERENCES

ABNT - Brazilian Technical Standards Associa-
tion. 2006. Guidelines for aquatic ecotoxicol-
ogy (Chronic Toxicity) test method with Ceri-

time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
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2016, and data presented therein), which repre-
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is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Resultados das análises estatísticas mostraram que a riqueza, a abundância e a composição dos invertebrados aquáticos 
emergentes de estágios dormentes não variaram em função da presença de peixes. Por outro lado, análises restritas às 
áreas úmidas com peixes anuais indicaram menor riqueza e abundância de invertebrados aquáticos emergentes de 
estágios dormentes associados às áreas úmidas com maiores densidades de peixes anuais. Nossos resultados sugerem um 
efeito limitado de peixes anuais predadores sobre a estrutura da comunidade dormente de invertebrados aquáticos. Esses 
resultados podem estar relacionados à dieta, ontogenia e à estocasticidade das populações de peixes anuais. De fato, o 
efeito de peixes anuais sobre os invertebrados aquáticos emergentes de estágios dormentes parece estar mais relacionado 
à densidade de predadores.

Palavras chave: dormência, efípios, tamanho corporal, peixes anuais, áreas úmidas intermitentes
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ABSTRACT

Effects of the presence of annual killifish on the assemblage structure of resting stages of aquatic invertebrates in 
temporary ponds

Predation pressure from vertebrates can affect the production of aquatic invertebrate resting stages in ponds, but the effects 
of seasonal predation on the assemblages of their hatchlings remains poorly understood. This study assessed the effects of 
the presence and density of annual killifish predators on the structure of assemblages of aquatic invertebrate hatchlings, as 
well as on the density and size of cladoceran eggs in southern Brazil temporary ponds. Dry sediment samples were collected 
from ponds that differed according to the presence and density of annual fishes, being four ponds without annual fish and 
four with annual fish at various densities. We detected no difference in density and size of cladoceran eggs between ponds 
with and without annual fish. Model selection procedures showed that the hatchling assemblage structure (richness, 
abundance and composition) did not change in relation with fish presence. Nonetheless, richness and abundance of hatch-
lings was lower in ponds with higher densities of annual fish. Our results suggest a limited effect of annual fish predators on 
the assemblage structure of resting stages of aquatic invertebrates, which can be related to dietary, ontogenetic and stochas-
tic contingencies associated with populations of annual fish. In particular, the effect of annual fish on aquatic invertebrate 
hatchlings seemed to be more related with predator density.

Key words: dormancy, ephippial egg, body size, annual fish, intermittent wetlands

RESUMO

Efeitos da presença de peixes anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos em áreas 
úmidas temporárias

A pressão de predação de vertebrados pode influenciar a produção de estágios dormentes de invertebrados aquáticos em 
áreas úmidas, embora os efeitos de predadores com ciclos de vida sazonais sobre a estrutura de comunidades dormentes 
seguem pouco compreendidos. Este estudo avaliou os efeitos da presença e densidade de espécies predadoras de peixes 
anuais sobre a estrutura da comunidade dormente de invertebrados aquáticos, bem como sobre a densidade e tamanho 
dos ovos efipiais de cladóceros em áreas úmidas temporárias do extremo sul do Brasil. Amostras de sedimentos secos 
foram coletadas em áreas úmidas que diferiram de acordo com a presença e densidade de espécies de peixes anuais, sendo 
quatro áreas úmidas sem peixes anuais e quatro com peixes anuais, em diferentes densidades. Não foram encontradas 
diferenças na densidade e no tamanho dos ovos efipiais de cladóceros entre as áreas úmidas com e sem peixes anuais. 
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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DISCUSSION
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occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al. 
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al. 
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Taxa Ponds with annual fish Ponds without annual fish Abundance

P1 P2 P3 P4 P1 P2 P3 P4

Cladocera

Camptocercus simili 4 8 0 0 14 0 0 3 29

Ceriodaphnia silvestrii 1 1 0 0 3 0 0 0 5

Chydorus eurynotus 14 37 15 0 20 12 7 100 205

Leberis davidi 18 15 4 14 27 6 14 51 149

Leydigia striata 39 0 7 13 11 1 13 2 86

Macrothrix elegans 53 38 5 0 7 2 2 24 131

Macrothrix laticornis 41 21 2 0 2 1 2 29 98

Magnospina dentifera 7 3 0 0 1 0 1 16 28

Ostracoda

Cypretta vivacis 250 20 2 1 114 8 2 12 409

Chlamydotheca riograndensis 17 2 0 2 6 2 0 0 29

Cyprididae 1 1 0 0 12 0 0 0 14

Copepoda 6 6 50 3 1 1 1 8 76

Anostraca 1 0 0 0 1 2 0 0 4

Rotifera 1 0 0 0 0 0 0 4 5

Collembola 1 4 0 2 0 0 1 3 11

Platyhelminthes

Mesostoma ehrenbergii 5 1 0 0 1 0 1 0 8

Gieysztoria sp. 1 0 1 2 4 0 0 0 1 8

Gieysztoria sp. 2 0 0 1 0 0 0 0 0 1

Nematoda 0 1 0 1 0 0 0 1 3

Richness 16 15 9 8 14 9 10 13 19

Abundance 459 159 88 40 220 35 44 254 1299

Table 1.   Composition, richness and abundance of hatched invertebrates in ponds with and without annual fish. Composição, riqueza 
e abundância de invertebrados emergentes em áreas úmidas com e sem peixes anuais.
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Predictor Outcome Best model Intercept Fixed factor ΔAICc df Akaike
weights

Annual fish
presence

Fish (present)

Richness ~ 1 + (1|days) 0.92 0 3 0.71
~ Annual fish presence + (1|days) 0.88 0.96 1.8 4 0.28

Abundance ~ 1 + (1|days) 2.15 0 3 0.39
~ Annual fish presence + (1|days) 1.99 2.32 0.18 4 0.35

Annual fish
population
size (density)

Fixed factor
Pond 1 

(Intercept) Pond 2 Pond 3 Pond 4

Richness ~ Pond + (1|days)*** 1.46 (0.17) 0.46 (0.22) 0 6 0.39

Abundance ~ Pond + (1|days)*** 3.29 (0.3) 1.35 (0.35) 0 7 0.28

1.15 (0.18) 0.53 (0.22) 

2.41 (0.33) 0.99 (0.36) 

Table 2.   Log-scale results of the best-fit models (ΔAICc < 2) for the effects of presence and density (or population size) of annual 
fish species on hatchling invertebrate assemblages (df = degrees of freedom; *** = zero-inflated models; values in parentheses indicate 
standard errors). Resultados (escala log) dos modelos com melhor ajuste (ΔAICc < 2) para os efeitos da presença e densidade 
(tamanhos populacionais) de peixes anuais sobre as comunidades de invertebrados aquáticos (df = graus de liberdade; *** = 
modelos com inflação de zero; valores entre parênteses referem-se a erros-padrão).
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We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
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The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
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can potentially impact the dynamics and the 
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ton resting stages are important for the recruitment 
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Figure 1.  Richness (a) and abundance (b) of aquatic invertebrate 
hatchlings in ponds with annual fish (bars represent standard 
errors). Riqueza (a) e abundância (b) de invertebrados aquáticos 
emergentes de estágios dormentes em áreas úmidas com peixes 
anuais (barras de erro indicam erros-padrão da média).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al. 
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Figure 2.  Non-metric multidimensional scaling (NMDS) 
diagram of the assemblage structure of aquatic invertebrate 
hatchlings after incubation of the sediment from ponds with and 
without annual fish. (‘+’ represents invertebrate species). 
Diagrama de ordenação multidimensional não-métrico da 
estrutura da comunidade de invertebrados aquáticos emergen-
tes de estágios dormentes após a incubação do sedimento de 
áreas úmidas com e sem peixes anuais. (‘+’ indicam as espécies 
de invertebrados).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
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abundance of hatchlings.
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conducted with non-annual species. Therefore, 
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the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
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in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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lings. There were important differences in egg 
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specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
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Those results reinforce the idea that defense 
mechanisms such as the production of resting 
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2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
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detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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paleolimnological time frame in African natural 
lentic systems assessed long-term effects of 
changing levels of predation pressure on the 
zooplankton and these studies revealed negative 
effects of increasing fish densities on emerging 
species of Daphnia (Mergeay et al., 2004). Tem-
porally more restricted studies have also found 
similar results with higher mean egg sizes with 
decreasing fish abundances in lakes from north-
ern Europe and Oceania (Jeppesen et al., 2002).

We detected no effect of the presence of 
annual fish on the egg size of cladocerans. 
Assuming that smaller eggs will hatch into small-
er species or smaller initial life stages of individu-
als, it is likely that fish will rather focus on larger 
and more easily spotted invertebrates leaving 
smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.

ACKNOWLEDGEMENTS

This study was funded by the Brazilian National 
Research Council (CNPq - grant number 
474892/2013-1). Cristina Stenert and Leonardo 
Maltchik hold CNPq Research Productivity 
grants. CAPES (Coordination for the Improve-
ment of Higher Education Personnel) currently 
grants a PhD scholarship to Daiane Vendramin. 
Mateus Marques Pires is currently a postdoctoral 
research fellow at Unisinos, funded by CNPq. 
Martin Reichard received grant from the Czech 
Science Foundation project (P505/12/G112). We 
declare that data collection complied with current 
Brazilian environmental laws (SISBIO 36365-2).

REFERENCES

ABNT - Brazilian Technical Standards Associa-
tion. 2006. Guidelines for aquatic ecotoxicol-
ogy (Chronic Toxicity) test method with Ceri-

time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).
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smaller ones in greater densities (see Jeppesen et 
al., 2010). Size-oriented dietary preference is 
common in many planktivorous fish (Zhang et 
al., 2013). It is assumed that zooplankton species 
with smaller body size are less attractive or valua-
ble as prey to annual fishes (Keppeler et al., 2015; 
Waterkeyn et al., 2016), and thus less prone to be 
preyed upon than larger-bodied species (Zaret, 
1980; Walls et al., 1990). In addition, the occur-
rence of small-sized cladoceran species is report-
ed in lentic environments with different predation 
pressures by fish (Iglesias et al., 2011), and a 
similar pattern might have occurred in our tempo-
rary ponds. The limited effect of fish predators on 
small-bodied cladocerans is known, despite 
concurrent predation pressure increases for the 
larger zooplankton taxa, such as Daphnia (San-
tangelo et al., 2010). Nonetheless, in tropical and 
subtropical regions zooplankton species smaller 
than Daphnia are more common (Havens et al., 
2009). Santangelo et al. (2011), for instance, 
reports that the small-bodied Moina micrura (up 
to 1.0 mm in length) has an effective response to 
predation by the three-spined stickleback, 
Gasterosteus aculeatus, such as increase in clutch 
size and reduction in body length of neonates.

We must highlight the limited sample size of 
this study and that our results come from labora-
tory experiments and did not consider natural 
variation in environmental factors such as 
light/dark patterns, temperature, salinity (Butori-
na, 2004; Nielsen et al., 2012; Sipaúba-Tavares et 
al., 2014; Haridevan et al., 2015; Strachan et al., 

2016), as well as biological interactions among 
the predatory fish themselves. These variables 
can also affect zooplankton population dynamics 
(Brendonck & De Meester, 2003; Vandekerk-
hove et al., 2005; Araújo et al., 2013).

CONCLUSION

Our study detected limited short-term (from the 
previous hydrologic year) effects of annual fish 
predators on the assemblages of emerging stages 
of aquatic invertebrate in temporary ponds from 
southern Brazil. These results could have been 
driven by dietary preferences or ontogenetic 
contingencies of the annual fish, or even interannu-
al variation in fish occurrence among ponds. In 
fact, evaluations restricted to ponds containing fish 
have found that higher annual fish population sizes 
were associated with lower richness and abun-
dance of hatchlings, suggesting that the effects of 
annual fish on aquatic invertebrates are more relat-
ed to predator density than their presence. In 
summary, these results are in accordance with 
recent reviews indicating that fish have limited 
effect on the assemblage structure of the zooplank-
ton hatchlings, compared to the known effects of 
fish on the active stages of zooplankton species.
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time, these could be the explanations for the 
absence of effect of fish presence on richness and 
abundance of hatchlings.

It should be noticed that most of the studies 
that describe the effects of fish on zooplankton are 
conducted with non-annual species. Therefore, 
one possible explanation for the lack of effect of 
the presence of annual fish on emergent resting 
stages of invertebrates is the interannual variabili-
ty in fish occurrence across ponds (Lanés et al., 
2014). Populations of many species of annual fish 
inhabiting temporary ponds of southern Brazil 
generally show high stochasticity and fluctuations 
in their size across hydrologic years (Keppeler et 
al., 2013, 2015), including the two species present 
in the study ponds (Lanés et al., 2014). Given that 
invertebrate resting stages accumulate in the pond 
sediment over time (Williams, 2006), the 
long-term persistence of propagule bank could 
have masked any immediate impact associated 
with the presence of fish predators in the hydro-
logic year studied. If the presence of fish indeed 
varies among years, our study suggests an absence 
of short-term effects (one single annual life cycle) 
of the presence of fish predators on abundance, 
richness and composition of aquatic invertebrate 
hatchling assemblages.

Additionally, the lack of effect of annual fish 
presence on the egg density and size can be 
explained by ontogenetic contingencies associat-
ed with the life cycles of the annual fish. Studies 
have highlighted the importance of the body size 
of the predator as a factor when selecting their 
prey (Brooks & Dodson, 1965). This is the case 
of the small-sized annual killifishes, which have 
been reported to predate on smaller body-sized 
zooplankton (Ortiz & Arim, 2016). The maxi-
mum body size of the species of killifish occur-
ring in the study area ranges from 15 to 40 mm 
(Gonçalves et al., 2011). Those species are com-
monly generalist feeders with important seasonal 
variation in diet composition (Keppeler et al., 
2013). For instance, Arenzon et al. (1999) point-
ed out that despite the fast growth and early matu-
rity of annual fish, individuals required at least 
two months to reach their maximum size and 
therefore broaden their diet and lay resting stages. 
This period is longer than the incubation period of 
the zooplankton in the sediment (Iglesias et al., 

2016, and data presented therein), which repre-
sents a faster reproductive cycle (under favorable 
conditions), thus avoiding intense predation. This 
is supported by other studies (Siziba et al., 2013) 
showing that the effect of fish predation on inver-
tebrates in intermittent wetlands is stronger in 
areas where the hydroperiod is long enough for 
the fish to reach its full size and maturity. Further-
more, the resting stages of annual fish can 
respond to different environmental cues in com-
parison with zooplankton resting eggs, suggest-
ing that the eggs from these annual fish do not 
necessarily have an emergence that is synchro-
nized with that of the zooplankton, reducing 
predation pressure on the latter.

Our results seem to be in accordance with the 
findings from Brendonck & De Meester (2003), 
who stated that the dynamics of the assemblages 
of resting stages is not related to immediate 
effects occurring in the previous hydrological 
season. The review of Iglesias et al. (2016) also 
leads to a similar direction, since fish predation 
seems to affect the structure of the active 
zooplankton and some behavioral responses in 
their species, but not the diapause. Therefore, this 
is an indicative that fish presence should have 
little effect on the assemblage structure of 
zooplankton resting stages, as detected by the 
lack of changes in the hatchling assemblage.

Our second evaluation, on the other hand, 
detected more pronounced differences in the 
hatchling assemblages within the group of tempo-
rary ponds containing annual fish, where tempo-
rary ponds containing higher densities of annual 
fish had lower richness and abundance of hatch-
lings. There were important differences in egg 
density among ponds with varying predator 
densities as opposed to fish presence. More 
specifically, two of the four ponds with annual 
fish had pronouncedly higher egg density, likely 
associated with the higher population sizes of 
annual fish.

Those results reinforce the idea that defense 
mechanisms such as the production of resting 
eggs are density-dependent (Tollrian et al., 
2015), as found by other studies throughout the 
world (Iglesias et al., 2008, 2011; Mazzeo et al., 
2010), and despite the reduced sample size of this 
study. Studies conducted with resting stages in a 

detected on overall composition of emergent 
invertebrates (pseudo-F = 0.069, p = 0.827). 

We collected 3139 eggs using the flotation 
method. Most eggs came from the ponds with 
annual fish (72.7 %). Egg density ranged between 
0.2 and 1.7 eggs/cm3 (mean = 0.76 eggs/cm3; std. 
error = 0.07). This trend was driven by two ponds 
containing annual fish, which harbored 61.4 % of 
all the eggs. In the ponds without annual fish, the 
egg density was similarly low across ponds, rang-
ing from 0.2 to 0.3 eggs/cm3 (mean = 0.31 
eggs/cm3; std. error = 0.03). In ponds with annual 
fish the minimum and maximum egg sizes were 
0.2 mm and 1.1 mm (mean = 0.49 mm; std. error = 
0.05). Similarly, in ponds without annual fish the 
minimum and maximum egg sizes were 0.2 mm 
and 1.1 mm (mean = 0.47 mm; std. error = 0.05). 

DISCUSSION

On our first experiment we detected no effect of 
the presence of annual fish on the assemblage 
structure of aquatic invertebrate hatchlings, as the 
richness, abundance and composition of hatch-
lings did not vary between ponds with and without 
annual fish. This result contrasted with previous 
findings that reported an influence of fish preda-
tors on zooplankton assemblages. The exposure to 
fish by zooplankton has been associated with 
reductions in their abundance and richness, as 
well as changes in their assemblage composition, 
mostly due to the microcarnivorous feeding habits 
of many fish species (Zaret, 1980; Lemma et al., 
2001; Zhang et al., 2013). In addition, zooplank-
ton species are important items on the diet of 
annual fish occurring in southern Brazil subtropi-
cal ponds (Keppeler et al., 2013, 2015).

However, most studies were conducted with 
the adult and active stages of the zooplankton 
rather than their hatchlings. Santangelo (2009) 
and Iglesias et al. (2016), for instance, showed 
that the effects of fish predators on the hatchlings 
of cladoceran species are not straightforward, as 
the hatching of cladoceran species was not affect-
ed by fish cues during their study. This can be 
observed in studies on the assemblage composi-
tion of surface sediments that described the 
occurrence of species of Daphnia in African and 
Uruguayan lakes where several predatory fish 

occur (Mergeay et al., 2006; Iglesias et al., 2011). 
In addition, species-level experiments by Bozelli 
et al. (2008) described no difference in the abun-
dance of hatchlings of Daphnia obtusa in relation 
to fish presence, and data from Santangelo et al.
(2010, 2011) showed that fish cues did not influ-
ence the hatching of Moina micrura and Diaph-
anosoma birgei.

In general, our results agree with the reviews 
of Santangelo (2009) and Iglesias et al. (2016), 
evidencing that fish presence does not necessarily 
affect the termination of diapause in zooplankton 
species and explaining the lack of effect on the 
assemblage structure of the hatchlings. In fact, 
the eggs of some zooplankton species need to 
undergo two or more exposures to adverse 
factors, such as fish cues, to hatch (De Meester & 
De Jager, 1993). This non-synchronized hatching 
is referred to as a bet-hedging strategy (Slatkin, 
1974). Since we conducted a single experiment 
and the population sizes of annual fish vary over 

(due to the discrete nature of the response data), 
from which negative binomial-fitted ones yielded 
less overdispersion. Model selection procedures 
were based on the Akaike information criteria 
adjusted for small sample sizes (delta AICc) 
(Burnham & Anderson, 2002), and were conduct-
ed with codes provided in Kedem et al. (2014). 
Only models with delta AICc < 2 were retained 
for further inference. We fitted all the GLMMs in 
the R statistical environment v. 3.4.2 using the 
function glmmADMB of the package glmmADMB 
v. 0.8.3.3 (Skaug et al., 2016).

The evaluation of dissimilarities in inverte-
brate composition across ponds was performed 
using Non-Metric Multidimensional Scaling 
(NMDS). This analysis was performed with a 
dissimilarity matrix (Bray-Curtis index) of the 
log-transformed abundance of the fauna. A 
non-parametric Multivariate ANOVA followed 
by 9999 permutations (PERMANOVA) was used 
to test for differences in taxa composition 
between ponds with and without annual fish, 
using the same dissimilarity matrix as in the 
ordination diagram. All statistical analyses were 
performed in the statistical environment of R v. 
2.9.0 (R Development Core Team, 2009).

RESULTS

We collected 1299 individuals from 19 taxa that 
hatched from the incubation experiment. 
Cladocera was the most abundant group, with 731 
individuals (56.2 %) from eight species: 
Chydorus eurynotus (15.7 %), Leberis davidi 
(11.4 %), Macrothrix elegans (10.1 %), Macro-
thrix laticornis (7.5 %), and Leydigia striata (6.6 
%) being the most abundant species. Ostracoda 
was also abundant, with 452 individuals (34.7 %) 
from three taxa: Cypretta vivacis (31.4 %), Chla-
mydotheca riograndensis (2.2 %) and Cyprididae 
(1.0 %). Other invertebrates that emerged were 
Copepoda (5.8 %), flatworms (1.4 %), Collembo-
la (0.8 %), Anostraca (0.3 %) and Nematoda (0.2 
%). In ponds with annual fish, cladoceran species 
represented 45 % of the hatched invertebrates, 
followed by Cypretta vivacis (273 hatched 
individuals, 36.6 %). Similar results were 
observed in ponds without annual fishes: 
Cladocera was the dominant group (60.2 % of the 

hatched invertebrates), followed by Cypretta 
vivacis (136 individuals; 24.6 %) (Table 1).

With regard to the effects of annual fish 
species on the richness of aquatic invertebrate 
hatchlings, model selection procedures showed 
that the inclusion of the effects of the presence of 
annual fish was not effective to increase model fit 
in relation to null models. A similar pattern was 
detected for the abundance of invertebrates over 
the experiment, as models including the presence 
of annual fish as predictor did not contribute to 
explain the pattern of the number of hatched 
individuals (Table 2).

In contrast, in the analyses restricted to 
temporary ponds with annual fish, the best-fit 
models included pond identity as an important 
predictor to explain variation in richness and 
abundance of hatched invertebrates. In summary, 
the best-fit models showed that taxa richness and 
the number of hatched invertebrates were higher 
in the ponds containing the lower densities of 
both annual fish species. Models treating the 
independent variables as continuous also detected 
negative trends of annual fish densities on inver-
tebrate assemblages (Table 2) (Fig. 1).

The NMDS ordination diagram (stress = 0.054) 
indicated a high degree of overlap in aquatic inver-
tebrate composition between ponds with and with-
out annual fish (Fig. 2), which was confirmed by 
PERMANOVA, as no effect of fish presence was 

Tell, 1995; Elmoor-Loureiro, 1997; Gazulha, 
2012). Voucher specimens are stored in the 
collection of the Laboratory of Ecology and Con-
servation of Aquatic Ecosystems of UNISINOS.

Data analysis

We compared the richness and abundance of 
hatched organisms between temporary ponds 
with and without annual fish species using 
generalized linear mixed-effects models 
(GLMM). In this step, fish presence (levels: 
present; absent) was considered the fixed factor 
and the days of collection during the experiment 
(N = 15) the random factor. This accounted for 
the repeated-measurements design of the experi-
ment and resultant non-independence of the 
data. Model parameters were estimated by maxi-
mum likelihood (Laplace approximation), and 
the statistical significance was assessed through 
comparison with null models (random intercept 
and random factor). In addition, we controlled 
for possible effects of null values in the response 
dataset of model fitting by comparing the perfor-
mance of zero-inflated and non-zero inflated 
models (i.e., we fitted models with the option 
‘zero inflation’ activated and deactivated). 
Finally, residual values were assessed to check 
the model assumptions.

Subsequently, we used GLMMs to test for 
possible effects of different densities of the 
annual fish species in each temporary pond on the 
richness and abundance of hatched organisms, 
where we constrained the analysis to ponds with 
annual fish present. In this step we took into 
account the repeated-measurement design of the 
study (i.e., the re-sampling events of the experi-
ment) by including it as the random factor in the 
analysis. The standard procedures used in the 
analysis of the effect of fish presence were repeat-
ed with the assessment of the performance of 
zero-inflated models followed by testing of 
model significance through comparison with null 
models. Models were also fitted with negative 
binomial distribution and subject to assessment of 
their diagnostic plots. The fixed factor considered 
in this case was pond identity, which correspond-
ed to sites with different fish densities. We also 
fitted models with the densities of each annual 
fish species as predictors (i.e., models with 
continuous predictors). In the continuous models, 
we assessed the effects of isolated, additive and 
interaction effects of the density of each annual 
fish. These procedures, however, yielded results 
similar to the categorical models, and we report 
the patterns derived only from the latter.

In both steps, all models were fitted with 
negative binomial and Poisson error distributions 

and 48 mg/L of CaCO3 (according to the guide-
lines proposed by ABNT NBR 13373, 2006). 
Water level, temperature (23 ± 2 ºC), photoperi-
od (12 hours light/dark cycle) and dissolved 
oxygen were monitored and kept constant over 
the incubation period (see Stenert et al., 2010; 
Ávila et al., 2015). The incubation period was 35 
days (five weeks), and the collection of hatched 
organisms was conducted 15 times (following 
intervals of 2-3 days between each collection) 
within this period to avoid reproduction. Other 
studies used similar sampling intervals to ensure 

that the microfauna collected was from the egg 
bank and not from reproduction (Nielsen et al., 
2003; Brock et al., 2005, Nielsen et al., 2013). 
Hatchlings were collected with a 53 μm net with 
the same width as the trays by agitating the 
sediment and then sweeping three times on the 
surface water. The contents of the three sweeps 
were transferred to a petri dish and observed 
under the stereomicroscope. Any unhatched eggs 
or resting stages were returned to the trays. 
Hatched organisms were stored in 80 % ethanol 
and identified to the level of species (Lopretto & 

absence of fish predators other than annual 
killifish has also been noticed in several of those 
temporary ponds (Lanés et al., 2018).

In ponds containing fish, the seasonal dynam-
ics of the populations of both annual killifish and 
the other non-annual fish species has been studied 
during the hydrologic year of 2014 (Lanés et al., 
2016). Both killifish species had similar seasonal 
dynamics, although their population sizes (as 
well as those of the non-annual species) varied 
among ponds (A. minuano: from 1 to 1700 
individuals; C. fulgens: from 1 to 1600 individu-
als). Additional information on the seasonal 
dynamics and composition of non-annual fish has 
been published by Lanés et al. (2016).

Environmental information on some of the 
sampled ponds are provided in Rolon et al.
(2011) and Lanés et al. (2016). The sampled 
ponds had no physical connection with each 
other. They were separated by distances of up to 
0.7 km, but were occasionally connected with 
other permanent aquatic systems during flood-
ing periods (Lanés et al. (2016). The study 
ponds had similar superficial areas (approxi-
mately 0.5 ha), and their waters were well 
oxygenated (average dissolved oxygen concen-
tration of 10.3 ± 0.8 mg/L), neutral to slightly 
alkaline (average pH of 6.6 ± 0.2), and with 
average electrical conductivity of 10.0 ± 4.1 
mS/cm. The hydroperiod length was similar 
across ponds, with surface water being present 
between March-April and November-December 
(Stenert et al., 2012; Lanés et al., 2016). The 
aquatic macrophyte assemblages were comprised 
of submerged and emergent species, mostly 
Micranthemum sp. and species of Poaceae, 
Cyperaceae and Juncaceae. Predatory macroin-
vertebrates (Ceratopogonidae, Dytiscidae, Belos-
tomatidae, Pleidae, Libellulidae, Hirudinea and 
water mites) were observed in all ponds, regard-
less of the presence of annual killifish (Stenert et 
al., 2012; Keppeler et al., 2013).

Sediment sampling and experimental methods

Sediment samples were collected on April 2015 
(in the subsequent hydrologic year following the 
study of the seasonal dynamics of fish popula-
tions), when the ponds were dry. This procedure 

should allow the assessment of any effect of the 
variation in annual fish populations over the 
previous hydrologic year on the egg bank present 
in the sediment. Fifteen randomly distributed 
subsamples were taken from each pond with a 
core sampler (7.5 cm diameter) inserted 5 cm 
deep into the sediment (Brendonck & De 
Meester, 2003). These subsamples were subse-
quently pooled to represent the entire pond and 
stored in black plastic bags (20 L) and kept refrig-
erated (4-8 °C) for further analysis (Maia-Barbo-
sa et al., 2003). At the laboratory, the sediment 
was sieved (1 mm sieve) for the removal of leaves 
and roots and posteriorly homogenized. Two 
batches of sediment were taken to test each of the 
proposed predictions.

The sugar flotation method (modified from 
Vandekerkhove et al. (2004a) and Iglesias et al.
(2016)) was used to evaluate the density and size 
of cladoceran resting eggs between ponds with 
and without annual fish predators. This method 
was employed for the 600 g samples representing 
each pond, where the sediment was added to a 1:1 
mix of distilled water and table sugar. Fifteen mL 
of this solution was centrifuged at 3000 rpm for 3 
minutes and the supernatant was washed through 
a 53 μm mesh using distilled water. The resting 
eggs of cladocerans were then separated by 
morphotypes, counted and measured for their 
length on a petri dish under a stereomicroscope. 
Density was expressed as the number of eggs per 
cm3. A total of 206 eggs (107 eggs in ponds with 
annual fish and 99 eggs in ponds without annual 
fish) had their length measured (mm) using an 
ocular micrometer. Since there is a strong correla-
tion between the size of the ephippium egg and 
the size of the hatched cladoceran (Jeppesen et 
al., 2002; Vandekerkhove et al., 2004b), the egg 
size was taken as a proxy for the hatched 
cladoceran size.

The incubation experiment was carried out 
using 1000 g of dry sediment distributed into two 
plastic trays (30.3 cm in length, 22.1 cm wide 
and 7.5 cm deep) for each pond (500 g per tray), 
totaling 16 trays for the experiment. The 
sediment of each tray was submerged under 2 cm 
of reconstituted water (distilled water formulated 
for the cultivation of zooplanktonic species): pH 
between 7.0 and 7.6 and hardness between 40 

However, much of the literature on the 
effects of fish predation on zooplankton is 
concerned with non-annual fish species, i.e., 
species without seasonal life cycles (Pijanowska 
& Stolpe, 1996; Jeppesen et al., 2001; Mergeay 
et al., 2006; Meerhoff et al., 2007; Mazzeo et 
al., 2010; Zhang et al., 2013). In the Neotropical 
region, small and omnivorous fish species are 
common and abundant (Iglesias et al., 2011), but 
some of these species have annual life cycles, 
also being capable of producing resting eggs 
(Keppeler et al., 2013, 2015; Lanés et al., 2013, 
2015). The food items of these fish comprise 
mostly of aquatic invertebrates that produce 
resting stages (Laufer et al., 2009; Keppeler et 
al., 2013, 2015). Hence, the population dynam-
ics of these predators should have an important 
influence on the assemblage structure of inverte-
brate resting stages. 

In this study, we assessed the effects of preda-
tory annual fish species on the assemblage struc-
ture of the hatchlings of aquatic invertebrates, and 
on the density and morphology of the resting eggs 
of cladocerans, in temporary ponds of southern 
Brazil. To achieve that, incubation experiments 
were conducted to obtain the emergence of 
resting stages of aquatic invertebrates, and flota-
tion performed for the retrieval of zooplankton 
(Cladocera) eggs. We initially evaluated the 
effect of the presence of annual fish on aquatic 
invertebrate assemblages by comparing ponds 
where predatory annual fish were either present 
or absent. Secondly, we assessed the effects of 
different fish densities (or population sizes) on 
aquatic invertebrate assemblages, by restricting 
the analyses to ponds where annual fish occurred. 
Based on the assumptions that an increase in the 
production of resting stages is expected in the 
presence of predators (Nielsen et al., 2000; 
Ślusarczyk, 2001; Santangelo et al., 2010, 2011) 
and that predation by fish has been reported to 
influence the body size of the hatchlings (Iglesias 
et al., 2011), we developed the following expec-
tations: (i) richness and abundance of the hatch-
lings of aquatic invertebrates will be lower in 
ponds with higher densities of predators; and (ii) 
cladoceran eggs will have higher density and 
smaller size in ponds with higher densities of 
annual fish.

MATERIAL AND METHODS

Study area and site characterization

The study area is located near the Ramsar site 
Lagoa do Peixe National Park (31º 00’ 46'' to 31º 
29’ 00'' S and 50º 46’ 31'' to 51º 09’ 51'' W), in the 
Coastal Plain of Rio Grande do Sul, southern 
Brazil (Maltchik et al., 2003). The climate in the 
study area is humid temperate, without a dry 
season and with a hot summer (Peel et al., 2007). 
The average annual temperature is ~17.5 ºC, 
ranging from 13 ºC in winter to 24 ºC in summer, 
and the annual average precipitation ranges from 
1200 to 1500 mm. The topography is character-
ized by flat lowland terrain, with altitudes lower 
than 20 m above sea level (Rambo, 2000).

Eight temporary ponds located in the 
surroundings of the Lagoa do Peixe National Park 
were selected for study. Four of these ponds 
contained populations of two species of annual 
killifish: Austrolebias minuano Costa and Cheffe 
2001 and Cynopoecilus fulgens Costa, 2002. 
Previous studies showed that both species feed on 
microcrustaceans and other small invertebrates 
(Keppeler et al., 2013, 2015; Lanés et al., 2016). 
In addition, small individuals (approx. 3.0 cm) of 
nine non-annual fish species from five families 
co-existed with the annual fish: Poeciliidae (Phal-
loceros caudimaculatus (Hensel, 1868)); Callich-
thydae (Corydoras paleatus (Jenyns, 1842)); 
Characidae (Astyanax cf. eigenmanniorum (Cope, 
1894), Hyphessobrycon boulengeri (Eigenmann, 
1907), Hyphessobrycon aff. igneus Miquelarena, 
Menni, López & Casciotta 1980, Mimagoniates 
inequalis (Eigenmann, 1911) and Cheirodon 
interruptus (Jenyns, 1842)); Erythrinidae (Hopli-
as aff. malabaricus (Bloch, 1794)); and Curimati-
dae (Cyphocharax voga (Hensel, 1870)).

Sampling conducted by Lanés et al. (2016) 
during the same hydrologic year of the present 
study did not detect the occurrence of neither 
annual killifish nor non-annual species in the 
other four ponds selected. The absence of annual 
killifish species is a known feature in some 
temporary ponds of the southern Brazil Coastal 
Plain (Lanés et al., 2018). This is likely the result 
of a patchy distribution and limited dispersal 
ability of annual fish (Reichard, 2015). The 

INTRODUCTION

The sediment of intermittent wetlands harbors 
resting stages of several species of aquatic inverte-
brates, which are able to resist to periods of hydric 
stress (Brendonck & De Meester, 2003; Gaikwad 
et al., 2008). The production of resting stages by 
aquatic invertebrates is an important strategy in 
response to a range of physical, chemical and 
biological stimuli such as lack of water, extreme 
temperatures, low levels of dissolved oxygen, as 
well as variations in photoperiod, competition and 
predation (Williams, 1993; Brendonck & De 
Meester, 2003; Williams, 2006; Sipaúba-Tavares 
et al., 2014). Within these communities, aquatic 
invertebrates (mostly zooplanktonic microcrusta-
ceans) present low active dispersal abilities, thus 
resting stages enable long-term maintenance of a 
diverse range of species and genotypes, as well as 
their coexistence with competitors and predators 
(Santangelo, 2009). The production of these 
resting stages is also usually associated with the 
allocation of resources for the production and 
subsequent growth of the hatchlings (Santangelo 
et al., 2011).

The accumulation of these resting stages over 
time and fluctuations in environmental conditions 
interact to affect patterns of richness, abundance 
and biomass of aquatic invertebrate assemblages 
(Vandekerkhove et al., 2005). Changes in 
zooplankton assemblage structure, for instance, 
can potentially impact the dynamics and the 
energy flow of aquatic food webs (Sakwińska, 
2002; Fahd et al., 2007; Santangelo et al., 2010; 
Hammill et al., 2015). This is because zooplank-
ton resting stages are important for the recruitment 
of food sources for higher trophic-level predators 
such as fish, which prey mostly on adult stages of 

the zooplankton (Jenkins & Boulton, 2007).
A range of factors is known to affect the 

production of resting stages by aquatic inverte-
brates. In particular, predation pressure from 
vertebrates like fish represents an important 
factor stimulating the production of resting stages 
of zooplankton species (Nielsen et al., 2000; 
Ślusarczyk, 1995, 1999, 2001; Dzialowski et al., 
2003; Jenkins & Boulton, 2007; Santangelo et al., 
2010, 2011). The egg production by many 
zooplankton species, as well as the stimulation of 
other defense mechanisms (Nielsen et al., 2000; 
Santangelo et al., 2010, 2011; Tollrian et al., 
2015), can increase in the presence of fish, espe-
cially as an anti-predatory response (Ślusarczyk, 
1995, 1999, 2001; Dzialowski et al., 2003; 
Mikulski & Pijanowska, 2009). In fact, predation 
by fish is known to affect the diversity of aquatic 
communities (Walseng et al., 2015). It has been 
reported to lead to a reduction in the abundance of 
larger-bodied zooplankton species (Jeppesen et 
al., 2002; Iglesias et al., 2008, 2011), and in the 
density of resting stages in the sediment (Nielsen 
et al., 2000; Ślusarczyk, 2001).

In temporary ponds, predation pressure is 
generally assumed to increase with the reduction 
of the flooding area throughout the drying season 
(Medeiros & Arthington, 2008; Silva et al., 
2010). In addition, not only the presence of preda-
tors affects the structure of prey assemblages, but 
it has been shown that the effects of predation are 
density-dependent, and should become more 
significant with increasing levels of predator 
density (Nilsson, 2001). Furthermore, studies 
describe changes in the defense strategies and 
composition of zooplankton prey according to 
different levels of predator densities (Iglesias et 
al., 2011; Tollrian et al., 2015).

Con el patrocinio de:

https://doi.org/10.1371/journal.pone.0076378



