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Abstract: Aim: Temperature and light have been recognized as important factors for ephippia 
hatching in temperate and tropical freshwater systems. Oddly some authors suggested that 
decapsulation of resting eggs would be a pro when it comes to ex situ hatching studies, exposing 
those eggs to a greater amount of light. This study aimed to compare the difference in the hatching 
rate between resting eggs decapsulated and intact ephippia of Daphnia laevis, a zooplankton that 
occurs at lakes, in tropical freshwaters (Cladocera). Methods: The ephippia used in this work were 
collected at the sediment of a reservoir, in Belo Horizonte city (Minas Gerais, Brazil). We set up the 
laboratory experiment with two distinct groups: intact ephippia and decapsulated resting eggs. For that, 
we manually decapsulated 120 ephippia and kept 120 others intact (six replicas with 20 ephippia 
each), then incubated them all with culture water at 22ºC (12h photoperiod) for 30 days with daily 
monitoring. Results: The results showed that decapsulation influenced negatively the hatching success, 
as the intact ephippia had a hatching rate of 22%, while those decapsulated only had 6%. In addition, 
Daphnia hatchlings were observed for intact ephippia group up to the twenty-seventh day, while for 
the decapsulated the last hatching occurred on the tenth day. Decapsulated eggs are subject to high 
exposure to light and it may jeopardize the embryo development. Conclusions: In this context, we 
suggest that removing the protective capsule from the eggs needs to be done with caution, since in 
some species this can damage the resting eggs, which alters the viability and compromise the accuracy 
of the hatching rates studies. 
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Resumo: Objetivo: Temperatura e luz são reconhecidas como importantes fatores para eclosão 
de efípios em sistemas dulcícolas tropicais e temperados. Curiosamente, alguns autores sugerem que 
remover a cápsula dos ovos de resistência seria um benefício quando se trata de estudos de eclosão 
ex situ, expondo esses ovos a uma maior quantidade de luz. Este estudo teve como objetivo comparar 
a diferença na taxa de eclosão entre os ovos de resistência descapsulados e efípios intactos de Daphnia 
laevis, (Cladocera) que ocorre em lagos tropicais. Métodos: Os efípios utilizados neste trabalho foram 
coletados no sedimento de um reservatório na cidade de Belo Horizonte (Minas Gerais, Brasil). 
O experimento foi realizado em laboratório com dois grupos distintos: efípios intactos e ovos de 
resistência descapsulados. Para isso, descapsulamos manualmente 120 efípios e mantivemos outros 
120 intactos (seis réplicas com 20 efípios cada) e incubamos todos a 22ºC (fotoperíodo de 12h) por 
30 dias, fazendo monitoramento diário. Resultados: Os resultados mostraram que o decapsulamento 
influenciou negativamente o sucesso da incubação, uma vez que os efípios intactos apresentaram 
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asexual reproduction (in obligate parthenogenetics 
populations) (Innes & Singleton, 2000). Both types 
of populations (obligates and cyclical populations) 
can produce empty ephippia due to the absence of 
male fertilization or eggs abortion (Larsson, 1991).

The ephippia contained in the sediment do not 
hatch all at the same time, which allows generation 
overlapping and reduces the risk of extinctions. 
(Hairston Junior et al.1995). The interdependence 
between the hatching time of each ephippium at 
the egg bank and the active plankton population 
increases the dynamics and the genetic variability 
in many species that have this type of mechanism 
(Möst  et  al., 2015). In this context, many are 
the stimuli that trigger an ephippia hatching, 
and the most known and studied are changes in 
light availability and temperature (Stross, 1966; 
Hairston Junior et al., 2000; Vandekerkhove et al., 
2005; Paes et al., 2016). Studies on the diapause of 
cladocerans in South America only began 15 years 
ago, and experiments using tropical species are 
needed to improve the knowledge of dormancy 
strategies (Iglesias et al., 2016).

Like the stimuli, the hatching rates also vary 
between species and within the same species. 
The  number of resting eggs present within the 
ephippium also varies, and may contain one, two, 
three eggs or be empty (Zaffagnini, 1987; Paes et al., 
2015). Recent studies have shown that a large 
percentage of the ephippia are completely empty 
(Vaníčková et al., 2010; Conde-Porcuna et al., 2011; 
Ohtsuki et al., 2015; Paes et al., 2016; Brandão et al., 
2014) and some authors suggests that these should 
not be included in hatching experiments because 
these empty chambers underestimate the hatching 
rates (Conde-Porcuna et al., 2011; Brandão et al., 
2014; Paes  et  al., 2016). Thus, it is important 
that studies evaluating hatching rates consider the 
quantity of eggs within the ephippia to calculate 
the actual rate, or hatching may be considerably 
underestimated. However, ephippia with or without 
resting eggs inside are morphologically similar and 
difficult to distinguish.

1. Introduction

Different survival strategies of species in nature 
are determinant for the maintenance of their 
populations. A great example of these mechanisms 
is diapause, a temporary retention on development, 
controlled by endogenous physiological factors, that 
may involve a metabolism decrease. It is present 
in at least one specie in almost all animal phyla. 
In aquatic ecosystems, it consists of the production 
of resting eggs from some zooplankton species. 
These eggs are produced when environmental 
conditions are not suitable, or when any genetic 
factors for their production are involved and 
generally try to avoid extinction (Fryer, 1996; 
Brendonck & De Meester, 2003). Organisms of 
the genus Daphnia keep their resting eggs protected 
by the modified carapace of the mother called 
ephippium, that may indicate extra protection from 
the external environment (Retnaningdyah & Ebert, 
2016). Some of these dormant structures may float 
on the lake water column, while others sink in the 
lake sediment - which contributes to the buildup 
and dispersal of the so-called egg bank (Cáceres & 
Tessier, 2004).

Daphnia species are an important source of 
food for fish and invertebrates (Haghparast et al., 
2012). As important planktonic herbivores, these 
organisms are also considered key species in lentic 
ecosystems. The populations of Daphnia are 
usually formed by females that reproduce through 
parthenogenesis, generating other females by this 
mechanism. When there are any unfavorable signs 
for the species, such as fluctuations in temperature 
(Jersabek & Schabetsberger, 1995), abrupt increases 
in population density (King & Snell, 1980; Ban & 
Minoda, 1992), seasonal changes (Brandão et al., 
2014), predation pressure (Slusarczyk, 1995; 
Pijanowska & Stolpe, 1996), food scarcity (Gilbert, 
1995), photoperiod and competition changes 
(Gilbert & Williamson, 1983), exposure to 
aquatic contaminants (Portinho et al., 2018) or a 
combination of these factors (Kleiven et al., 1992), 
these females begin to produce ephippia. These can 
be produced by sexual (in cyclical populations) or 

22% de taxa de eclosão, e os descapsulados, apenas 6%. Além disso, até o vigésimo sétimo dia foi 
observado nascimento de Daphnias do grupo com efípios intactos, enquanto que para o grupo de 
ovos descapsulados, a última eclosão ocorreu no décimo dia. Os ovos descapsulados estão sujeitos 
à alta luminosidade que pode comprometer o desenvolvimento do embrião. Conclusões: Neste 
contexto, sugerimos que a remoção da cápsula protetora dos ovos seja feita com cautela, pois em 
algumas espécies isso pode danificar os ovos de resistência, alterando a viabilidade e comprometendo 
a exatidão dos estudos com taxas de eclosão. 

Palavras-chave: Daphnia laevis; efípios; diapausa; taxas de eclosão; zooplâncton.
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Some authors consider a few methods to 
know the exact number of resting eggs contained 
in ephippia before performing hatching tests. 
Some of them suggests using a pair of needles 
to open ephippia and select viable eggs (Caceres 
& Tessier, 2003; Angeler  et  al., 2005; Davison, 
1969; Caceres, 1998). Other authors observe the 
presence of eggs using an inverted microscope 
(Pérez-Martínez  et  al., 2013). However, such 
methods may require time and great skills. Therefore, 
some authors are suggesting the importance of 
ephippia decapsulation, using techniques as the 
whitening with exposing ephippium of Daphnia 
species to sodium hypochlorite (Pancella & Stross, 
1963; Haghparast et al., 2012; Paes et al., 2016). 
Haghparast  et  al. (2012) exposed the eggs of 
D. magna to sodium hypochlorite at a concentration 
of 1% for 5 minutes to check their response to 
light. La et al. (2009) used hypochlorite at 4% for 
20 minutes to decapsulate D. galeata ephippia. Still, 
Paes et al. (2016) were the first to study in detail 
the hatching rate of resting eggs in two tropical 
Daphnia species (D. laevis and D. ambigua) exposed 
to different concentrations of sodium hypochlorite, 
and at different time periods. In this study the 
authors concluded that the expositure of ephippia 
to 2% sodium hypochlorite for 20 minutes did not 
adversely affect neonate survival, and also allowed 
viewing of the eggs in all ephippia.

The effect of resting eggs decapsulation under 
hatching rate is still unknown. Regardless of the 
method, the use of hypochlorite and needles 
destroys the protective barrier formed by melanin 
pigmentation, which may be crucial during the 
development process of the embryo contained 
in resting eggs (Retnaningdyah & Ebert, 2016). 
Considering this vast researching field, we evaluated 
in this study the hatching rates of Daphnia laevis 
ephippia collected in a tropical reservoir (Belo 
Horizonte, Minas Gerais, Brazil), aiming to 
compare the rates between resting eggs decapsulated 
and intact ephippia under controlled conditions. 
We  hypothesized that decapsulating resting eggs 
would alter hatching rates, due to increased 
exposure to environmental factors such as light 
and dehydration.

2. Material and Methods

2.1. Sampling, analysis and experiment

The ephippia used on the experiment were 
caught from the sediment of Pampulha reservoir, a 
eutrophic freshwater system located in the city of 
Belo Horizonte, Brazil (S 19° 55’ 09”, W 43° 56’ 47”). 

The sediment was collected during the Spring of 
2017, and it was kept cold (4 °C) and dark until 
processing in laboratory. To collect the sample, 
a dredge with capacity for 10 centimeters-depth 
of substrate was used, and then the sediment was 
kept in plastic bags for posterior analysis. We only 
used Daphnia laevis Birge 1878, a very abundant 
Cladocera present in the reservoir. At the sediment 
of the studied reservoir, only ephippia of this species 
are usually found (Maia-Barbosa  et  al., 2003). 
No resting eggs or ephippia from other species were 
present in the analyzed sediment. To be sure that 
they were the only ephippia on the experiment, 
we separated them from the sediment, and we 
later identified and counted with the support of a 
stereoscope microscope.

To remove the ephippia from the substrate, 
we used the floatation and manual clam method, 
avoiding the use of the typical sugar flotation 
method to minimize risks of sugar influence on the 
ephippia wall. The ephippia collected was separated 
in two: a group with decapsulated resting eggs where 
the each ephippium was opened manually using 
needles, one by one, then visually checked if they 
were still undamaged; and a control group, with 
the whole ephippia — intact and without opening. 
Each group had a sample of 20 random ephippia 
with six replicates (ponds), totalizing 120 ephippia 
for each group.

At the end of the experiment, each ephippium 
of the control group was also opened to quantify 
the number of resting eggs, and the number of eggs 
added to the number of individuals born would 
give us the information about the total resting 
eggs at the beginning of the experiment (number 
of eggs at the beginning = number of hatchlings + 
number of eggs at the end). The amount of resting 
eggs found inside of each ephippium was noted 
and used to calculate the average of resting eggs 
per ephippia.

To start and interrupt diapause, many peculiar 
environmental variations may be included 
(Paes  et  al., 2016) and it affects ex situ studies, 
since all those conditions can’t be reproduced in 
laboratories. To keep the study’s standard, both 
groups were exposed to the same photoperiod and 
temperature conditions, in the same intensity: 
12 hours photoperiod at 22 °C for 30 days, immersed 
in approximately 10 mL of culture water (natural 
source: neutral pH; hardness: 45-55 mgCaCO3.L-1; 
dissolved oxygen: 6-7 mg. L-1; electric conductivity: 
160-180 μS.cm-1) each pond. The hatching was 
daily observed, the D. laevis neonates that emerged 
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from the resting eggs were counted and all of 
them were removed from the pools day by day. 
The culture water was renewed periodically to avoid 
contamination by fungi.

2.2. Data analysis

We denominate “Actual Hatching Rates” 
those calculated from the total amount of resting 
eggs found inside the ephippia, and denominate 
“Misleading Hatching Rates” those calculated from 
the total amount of ephippia.

Two-way mixed model ANOVA was performed 
to test for the differences in the hatching timing 
among the treatments (fixed), correcting for the 
replicates (random factor). The effect of random 
factor was not significant (P>0.05). All statistical 
analysis was performed in R software (R Core Team, 
2017) and the data was initially verified as to ensure 
normality and homogeneity.

3. Results

We found significant differences in hatching 
rates between intact and decapsulated groups 
(F1,10 = 7.791, p = 0.019) and in the hatching time 
(F30,330 = 2.444, p < 0.001). The first hatchling 
in the intact group was observed on day 5 and in 
the decapsulated on day 6. There were only two 
more days with hatchings in the decapsulated group 
(days 9 and 10), while for the intact there were 
another nine days with the maximum hatching 
occurred on day 12 (hatch rate = 1.35%) and 
we observed hatching in this group until day 27. 
The daily hatch rates were low in both groups 
(Figure 1) and cumulative hatch rates throughout 
the experiment are shown in Figure 2.

The actual hatching rate was about 3.6 times 
higher in the intact ephippia group (22%). As the 
number of eggs found in the groups (102-123 eggs) 
was quite equivalent to the ephippia number used 
in the experiment (120 ephippia), the misleading 
and actual hatching rates were very similar in this 
study (Table 1).

After opening the 120 ephippia from each 
group, a total of 102 eggs were found in the 
decapsulated group and 123 eggs in the intact 
group. In both groups, between 37 and 38% of 
ephippia were empty. Disregarding the empty 
ephippia and considering only the number of those 
that contained eggs inside, in the calculation we 
obtained an average of 1.4 eggs per ephippium for 
decapsulated group and of 1.6 eggs per ephippium 
for intact group (Table 1).

4. Discussion

Our study showed that hatching rates were 
higher when the ephippia were kept intact, 
highlighting the importance of maintaining the 
outside capsule of the resting eggs in diapause 
studies. In addition to higher hatching rate, the 
group with intact ephippia showed births until 
27 days of experiment, with a higher number of 
Daphnia born on day 12. In contrast, the group 
with eggs from the decapsulated ephippia presented 
births only until day 10, even though these eggs 

Figure 1. Hatching rates in decapsulated and intact 
groups (center line-mean, outer grey-5th/95th percentiles, 
bars- 95% confidence level, black circles- outlier).

Figure 2. Cumulative hatching success over time for 
decapsulated and intact groups. Error bars indicates 
standard deviation.

Table 1. Comparison between decapsulated and intact 
groups.

Decapsulated 
group

Intact 
group

Ephippia 120 120
Total eggs 102 123
Empty ephippia 46 44
Empty ephippia rate 38% 37%
Hatchling number 6 27
Misleading hatching rate 5% 23%
Actual hatching rate 6% 22%
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seemed perfect after the cap removal. The absence 
of hatching in this group after ten days of removal 
of the capsule may be due to possible damage from 
the external environment that caused the total 
infeasibility of the eggs. The resting eggs are located 
in protuberances called egg chambers inside the 
ephippium, and that part is more melanised and 
sclerotised, providing more resistant to physical 
damage (Zaffagnini, 1987). It is known that 
the pigmented protective capsule ensures photo 
protection and studies have already demonstrated 
how important is the pigmentation to protect 
dormant embryos against ultraviolet radiation 
(Burtt Junior & Gatz Junior, 1982; Majerus, 1998; 
Tucker  et  al., 1996). Gerrish & Caceres (2003) 
proved that the intensity of the pigmentation in the 
ephippia is mainly a genetic factor, and this structure 
is darker when the females spend more energy in 
its production, heavily investing in the population’s 
dormancy as a whole. These authors also suggested 
that ephippia’s outside structure seems crucial for 
the embryo development, as there seems to be a 
mechanism of degradation associated to the growth 
of the new individuals inside the resting eggs: as 
long as the embryo develops, the ephippia becomes 
darker as well (Mellors 1975). So far, studies indicate 
that there is a perfect equilibrium between the 
ephippium pigmentation and the light entrance, 
once Paes et al. (2016) observed that hatching rates 
of D. laevis in the dark were always lower than in 
light conditions, but magnifying too much the light 
access to the resting eggs, such as decapsulating, also 
triggered lower hatchings, as we observed.

In the present work, the rate variance between 
actual and misleading hatching was not significant 
because of the number of eggs found was 
coincidentally very close to the total number of 
ephippia, despite the high percentage of empty 
ephippia observed. However, an ephippium 
can have one, two or three eggs, and it has been 
documented that a large proportion of empty 
ephippia are usually found in experiments with 
different Daphnia species (Vaníčková et al., 2010; 
Conde-Porcuna et al., 2011; Ohtsuki et al., 2015; 
Paes et al., 2016; Brandão et al., 2019) and then 
the difference between actual and misleading 
hatching rate can be highly discrepant and doubtful. 
We advise further studies to consider actual hatching 
rates, opening each ephippium at the end of 
experiments to check total eggs, instead of basing 
statistics data on misleading hatching rate.

Even for intact ephippia group the observed 
hatch rates were low (22%). Cáceres & Tessier 

(2003) suggested that laboratory experiments 
usually present higher ephippia hatching, once 
simulated biotic and abiotic factors are different 
from the original environment - where degradation 
and chemical damaged, for example, could happen 
more often due many unknown mechanisms that 
may not be perceived or easily reproduced in 
laboratories. However, laboratory hatch tests may 
not contain the necessary clues to the end of the 
dormancy having much lower hatch rates as in our 
study. Despite these issues, the undeniable fact is 
that diapause mechanisms vary a lot inside and 
between Daphnia populations (Cáceres & Tessier, 
2003), so other tropical studies like this one are 
highly recommended.

This study showed that decapsulation methods 
may compromise studies involving cladoceran 
ephippia. Thus, hatching tests performed with 
intact ephippia are more indicated, since it seems 
to show results that are closer to those that occur 
naturally in aquatic ecosystems, as the ephippia 
may indicate extra protection against the external 
factors for the embryos contained within. For better 
comprehension of the effects of laboratory chemicals 
used for decapsulation processes, such as sodium 
hypochlorite, on the embryo development, more 
studies are still required. In addition, the opening 
of the intact ephippia remaining after the hatch test 
can be a better methodology to know the percentage 
of empty ephippia and the average number of eggs 
per ephippia, also allowing the calculation of the 
actual hatching rate.
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