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Abstract: Knowledge of the life cycle of zooplankton species can provide information for a better understanding 
of the role of each species in the community and basic data for secondary production investigations. In this study, 
some life-cycle traits were measured for Scapholeberis armata freyi Dumont & Pensaert, 1983 (Cladocera, 
Daphnidae), maintained under controlled conditions in laboratory cultures. Experiments were carried out in 
incubators at a temperature of 23.0 °C, photoperiod of 12 hours light/dark, and food supply (algal suspension of 
the chlorophycean Pseudokirchneriela subcapitata at 105 cells.mL–1 and mixed suspension of yeast, and fish ration 
added per organism, at equal proportions) that were kept constant. Observations were made once or twice a day to 
record individual growth, age and size of primipara, as well as fecundity and longevity. S. armata freyi achieved 
a maximum size of 827 µm, while the primiparous instar measured 542 µm on average, at an age of 5.86 days. 
The mean fecundity was 8 eggs.female–1 and the mean of total number of eggs produced by a female was 47.58. 
Embryonic development time was 1.9 days and the maximum longevity found was 31 days. In this study, the life 
cycle parameters of S. armata freyi presented are close to those found in other species of Daphnidae, under the 
same culture conditions of temperature and photoperiod. However, the longevity was greater than other species 
that received algae as food only. The quality and quantity of food are factors that control secondary production in 
aquatic ecosystems and an increase of food availability increases longevity and egg production. Thus the greater 
longevity and egg production observed for S. armata freyi can influence its secondary production.
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Resumo: O conhecimento de parâmetros do ciclo de vida de organismos zooplanctônicos fornece importantes dados 
para o cálculo da produção secundária da espécie, além de informações sobre sua biologia. Este estudo visou obter 
informações sobre o ciclo de vida de Scapholeberis armata freyi Dumont & Pensaert, 1983 (Cladocera, Daphnidae), 
cultivada em laboratório. Os experimentos foram mantidos em incubadora com temperatura de 23,0 °C, fotoperíodo 
de 12 horas luz/12 horas escuro e alimentação (suspensão da alga clorofícea Pseudokirchneriela subcapitata 
na concentração de 105 cels.mL–1 e uma suspensão mista de fermento e ração de peixes em igual proporção) 
constantes. As observações foram feitas uma ou duas vezes ao dia para o acompanhamento do crescimento 
do corpo, idade, comprimento da primipara, fecundidade e longevidade. A primipara da espécie ocorreu com 
5,86 dias e comprimento médio de 542 µm. A média do comprimento máximo foi 827 µm. A fecundidade média 
de S. armata freyi foi de 8 ovos fêmea–1.ninhada–1 e o número total de ovos produzidos por fêmea durante todo o 
ciclo de vida foi, em média, 47,58 ovos. O tempo de desenvolvimento embrionário foi de 1,9 dias e a longevidade 
máxima foi de 31 dias. Os parâmetros do ciclo de vida de S. armata freyi obtidos neste estudo são próximos 
aos encontrados para outras espécies da família Daphnidae cultivadas nas mesmas condições de temperatura e 
fotoperíodo. No entanto, a longevidade foi maior do que a observada para espécies que receberam apenas alga 
como alimento. A qualidade e quantidade de alimento são fatores que controlam a produção secundária em 
ecossistemas aquáticos e um incremento na alimentação aumenta a longevidade, desenvolvimento e produção 
de ovos. Conclui-se que a maior longevidade e produção de ovos observada para S. armata freyi pode influenciar 
a produção secundária desta espécie.
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exponential phase, at a concentration of 105 cells.mL–1, and 0.02 mL 
of a mixed suspension of yeast and fish ration added per organism 
(Associação... 2009) at equal proportion.

Individuals were acclimated for about 10 generations (30 days). 
Ten females were isolated and maintained until the production of 
neonates. Thirty neonates less than 24 hours old were placed in 
polypropylene bottles of 50 mL and kept in a germination chamber 
with the temperature, light and feeding conditions as specified above. 
Culture media and food suspensions were completely renewed daily 
with a fresh suspension at the same temperature. Once or twice a day, 
the animals were observed under the stereomicroscope in order to 
determine the number of eggs produced per brood and the longevity. 
The growth of each individual was measured daily under an optical 
microscope, using a micrometric grid and a 40× magnification.

The cycle life parameters were obtained by nonlinear curve fitting 
using Chi-square minimization method using a Levenberg-Marquardt 
algorithm (Moré 1978) by Origin 8.0 software.

Results

The life parameters of S. armata freyi are presented in Table 1. 
Neonates had a mean size of 281 ± 21 µm, reaching maturity after 
5.86 ± 1.00 days, with a mean size of 542 ± 44 µm. Mean embryonic 
development time was 1.90 ± 0.37 days.

During its life cycle, S. armata freyi produced a mean of 
7.00 ± 1.80 broods with a mean fecundity of 8 ± 3 eggs each. Egg 
production increased up to advanced-aged organisms as shown in 
Figure 1. The maximum and mean egg production in the whole life 
cycle was 98 and 65 eggs per female, respectively.

In the present study, three juvenile stages and 10 instars in the 
life cycle were recorded for S. armata freyi. The maximum longevity 
of S. armata freyi was 31 days and mean longevity was 23 ± 4 days. 
The mean maximum size was 827 ± 51 µm. Mean individual growth 
curve of S. armata freyi is shown in Figure 2.

Discussion

The results for embryonic development duration (EDD), 
primiparous age (PA), fecundity (F), longevity (L) and temperature 
(T) of several Daphnidae are compared to other studies (Table 2).

The primiparous age of S. armata freyi was close to those observed 
for Simocephalus serrulatus by Melão (1997). Thus, the maturity of 
S. armata freyi occurred later compared with Ceriodaphnia silvestrii 
(Fonseca & Rocha 2004), Daphnia laevis and Daphnia ambígua 

Introduction

Knowledge of the life cycle of zooplankton species can provide 
information for a better understanding of the role of each species in 
the community, basic data for secondary production investigations 
and information on its biology (Santos-Wisniewski et al. 2006).

Environmental factors can influence the growth, reproduction 
and survival of zooplankton. Among these factors, the quality of 
food and temperature are the most important. The development 
time is temperature dependent, while fecundity is related to food 
availability (Bottrell  et  al. 1976). Growth and reproduction are 
species characteristics influenced by environmental conditions, and 
the parameters of the species’ life cycle are used indirectly to know 
its biology and distribution in specific environments, in addition to 
observations from the field (Güntzel et al. 2003).

Cladocerans reproduce asexually by parthenogenesis, a process in 
which unfertilized eggs give rise to amictic females. In unfavorable 
conditions such as overcrowding, low temperatures and food scarcity, 
males are produced (Rocha & Güntzel 2000). Because Cladocera 
reach maturity quickly, the growth of their population and egg 
production is increased (Melão1999).

Cladocera is typically a freshwater group found in lentic water 
bodies worldwide. The species found in Brazil are distributed in 
seven families, and Daphnidae is numerically abundant. Thus, many 
studies have been done on taxonomy, abundance, morphology, 
distribution of Daphnidae and some aspects of their biology and 
ecology (Matsumura-Tundisi 1984, Rocha & Matsumura-Tundisi 
1990, Fryer 1991, Fonseca & Rocha 2004, Rietzler et al. 2008).

Scapholeberis armata freyi belongs to the family Daphnidae and 
subfamily Scapholeberinae (Dumont & Pensaert 1983). The species 
Scapholeberis armata has limited distribution in the United States 
and Canada; however, the subspecies S. armata freyi was found in 
Paraguay, Mexico (Ciros-Perez & Elias-Gutierrez 1996) and Brazil 
(Elmoor-Loureiro 2000). Representatives of family Daphnidae 
usually occur in the limnetic zone of aquatic environments; however, 
S. armata is found in the littoral zone, where they live linked to water 
surface tension (Rocha & Güntzel 2000).

Studies on the life cycle carried out in Brazil aimed to produce 
large quantities of these animals for fish food (Sipaúba-Tavares 
1988, Sipaúba-Tavares & Rocha 1994) and a few aimed at studying 
secondary production (Rocha & Matsumura-Tundisi 1984, 1990, 
Hardy & Duncan 1994, Melão 1997).

In this work data was obtained on the life cycle of the S. armata 
freyi, which may contribute to further studies of secondary production 
for Brazilian freshwater ecosystems and other countries, where 
this species or similar species occur. The body dimension, growth, 
embryonic development time and fecundity obtained from life cycle 
studies are used in the secondary production calculations.

Materials and Methods

The organisms for starting cultures were collected inside 
macrophyte stands in the littoral zone of a pond of the Heliodora 
district (22° 29’ 12”S and 45° 36’ 68” W) in the southern region 
of Minas Gerais State, Brazil, by vertical and horizontal hauls 
using a zooplankton net of 68 µm mesh size. In the laboratory, 
parthenogenetic females of S. armata freyi were isolated and placed 
in 2 L beakers containing reconstituted water. This culture media 
had pH 7.6, conductivity 140 μS.cm–1 and hardness 46 mg CaCO3L

–1 

in according to ABNT, (Associação... 2009). Experimental cultures 
were maintained in growing chambers at a constant temperature 
of 23.0  ±  0.5 °C and 12 hours light.dark–1 photoperiod and fed 
on a suspension of the small chlorophycean Pseudokirchneriela 
subcapitata, cultured in Chu 12 medium and cropped in the 

Table 1. Life cycle parameters of Scapholeberis armata freyi (Cladocera, 
Daphnidae) cultured at 23.0 ± 0.5 °C in a 12 hours light/dark photo period, fed 
on a mixed suspension of Pseudokirchneriela subcapitata (at 105 cells.mL–1) 
and yeast, and fish ration added per organism, at equal proportions.

Life cycle parameters Values
Adult mean size (µm) 827 ± 21
Neonate mean size (µm) 281 ± 21
Primipara mean size (µm) 542 ± 44
Minimum size of primipara (µm) 400
Number of instars between neonate and primipara 3 ± 0.6
Mean number of instars in the whole life cycle 7 ± 0.69
Mean number of eggs in the whole life cycle 47.58 ± 6.27
Mean fecundity (eggs/female/brood) 8 ± 3
Maximum longevity (days) 31
Mean longevity (days) 23 ± 4
Mean embryonic development times (days) 1.9 ± 0.37
Primipara mean age (days) 5.86 ± 1
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Figure  2. Mean individual growth curve of Scapholeberis  armata  freyi 
(Cladocera, Daphnidae) grown in the laboratory at 23.0 °C, in the 
12 hours light/12 hours dark photo period, fed on a mixed suspension of 
Pseudokirchneriela subcapitata (at 105 cells.mL–1) and yeast, and fish ration 
added per organism, at equal proportion.

Figure  1. Mean fecundity (number of eggs.female–1.brood–1) of 
Scapholeberis  armata freyi (Cladocera, Daphnidae) cultured at 23.0 °C, 
in the 12 hours light/dark photo period, fed on a mixed suspension of 
Pseudokirchneriela subcapitata (at 105 cells.mL–1) and yeast, and fish ration 
added per organism, at equal proportion.

Table 2. Comparison of embryonic development duration (EDD), primiparous age (PA), fecundity (F), longevity (L) and temperature (T) from the present 
study and reported in the literature of several Daphnidae. 

Species DE (days) PA (days) F (days) L (days) T (°C) Author
Scapholeberis armata freyi 1,9 5,2 8 23 23 Present study
Scapholeberis kingi 20 28 at 30 Murugan & Sivaramakrishnan (1976)
Ceriodaphnia sivestrii 3 at 4 9,46 29,8 25 Fonseca & Rocha (2004)
Ceriodaphnia cornuta 3,24 4,76 2,2 9,8 20 Melão (1997)
Simocephalus serrulatus 2,58 5,18 22 13,4 20 Melão (1997)
Daphnia laevis 2 4,92 14,3 25 Rocha & Matsumura-Tundisi (1990)
Daphnia gessneri 2 7,38 9,07 22 Hardy & Duncan (1994)
Daphnia ambigua 2 4,25 7,12  25 Rocha & Matsumura-Tundisi (1990)

(Rocha & Matsumura-Tundisi 1990) at a temperature of 25 ± 2 °C. 
The primiparous age increased as a consequence of the lower 
experimental temperature in the current study, 23 °C, compared to the 
25 °C for the three species mentioned above. However, the age of the 
first reproduction for S. armata freyi was earlier than that observed 
for D. gessneri under the temperature of 22 °C (Hardy & Duncan 
1994). As the difference in temperature between the experiments is 
small, probably the species C. silvestrii, D. ambiguous and D. laevis 
reach maturity earlier than S. armata freyi because these species are 
typical of the limnetic region, where predation by planktivorous fish 
is higher, which accelerates the maturity of these organisms. This 
does not occur with S. armata freyi, typical of the littoral region. It 
can allocate more energy to body growth and, after this, invests in 
reproduction, since in the littoral region there is greater availability 
of food (Sarma et al. 2005).

The embryonic development duration of S. armata freyi was 
similar to that found for S. serrulatus at 25 °C (Melão 1997). The same 
author obtained 2.58 days of embryonic development for S. serrulatus 
at 20 °C. Therefore, with an increase in water temperature, the 
duration of embryonic development decreases. Compared with 
species from other families of Cladocera, the time of embryonic 
development of S. armata freyi is close to 1.96 days, as recorded for 
Chydorus pubescens (Santos-Wisniewski et al 2006), and greater than 
1 day observed for Moina minuta (Murugan 1975).

Mean fecundity in some species of this family was higher than 
that recorded for S. armata freyi, such as S. serrulatus (Melão 1997). 
D. laevis also showed high fecundity (Rocha & Matsumura-Tundisi 
1990). Normally, larger species have a greater number of eggs 
compared to the smaller species (Melão 1997), such as S. serrulatus 
(22 eggs.female–1.brood–1) and D. laevis (14.3 eggs.female–1.brood–1) 
which are larger than S. armata freyi.

During its life cycle, S. armata freyi produced a mean of 
7.0  ±  1.8  broods with a mean fecundity of 8 ± 3 eggs.female–1.
brood–1. The mean fecundity increased as the individual became 
older, so for the first brood it is, on average, 3 to 4 eggs, while in the 
third brood, this number increased to 8 eggs, and in the sixth brood 
it increases to 12 eggs; however, it falls to 9 eggs in the last brood. 
A similar pattern was observed for Macrothrix flabelligera, where 
the production increased from 5 to 18.5 eggs, starting with the fifth 
brood (Güntzel et al. 2003). Probably, in the first litters, S. armata 
freyi invests more energy in body growth and produces few eggs. 
Around the 14th day of life, the rate of body growth decreases and 
more energy is allocated to reproduction. Near the end of the life 
cycle, egg production also decreases due to the aging.

The total egg production in the whole life cycle of S. armata freyi 
(98 eggs.female–1) is low compared to that observed for Scapholeberis 
kingi (239 eggs.female–1) with temperatures around 28 to 30 °C 
(Murugan & Sivaramakrishnan 1976). The S. kingi female size 
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ranges from 400 µm to 1000 µm, therefore, the size is larger than 
S. armata freyi (281 µm to 827 µm). The highest temperature of the 
study was responsible for the high fecundity of S. Kingi, because 
the increase of temperature accelerates the metabolic processes and 
affects reproduction (Sarma et al. 2005).

During the study, three juvenile instars and seven adult instars 
were recorded for S. armata freyi. The number of juvenile instars 
is close to that of the S. kingi, which showed two juvenile instars 
and seventeen adult instars (Murugan & Sivaramakrishnan 1976). 
According to Bottrell (1975) the number of juvenile instars in 
Cladocera is between three and eight, and is generally constant for 
each species. For Melão (1999), the number of juvenile instars is 
between two and four, not exceeding six. However, the number of 
instars could be higher than recorded, because the animal suffers some 
seedlings before the first neonate measure (Kotov 1997).

According to Dumont (1987), some species invest energy in a long 
lifetime and low reproduction, while others invest in reproduction yet 
their lifetime is lower. In this study, it was observed that body growth 
is rapid until the sixth day of life, when primiparous occurs. Although 
they continue to grow after primiparous, the organisms invest more 
energy in reproduction, and the growth rate is slower.

Compared with other species of Cladocera, the longevity of 
S. armata freyi is similar to that recorded for Euryalona orientalis 
(23.8 days) (Venkataraman 1990) and Leydigia acanthocercoides, 
with a mean longevity of 23.2 days (Murugan & Job 1982). However, 
the latter two studies were conducted at high temperatures, 28 and 
30 °C, respectively.

The parameters of S. armata freyi are similar to those found in 
other species of Daphnidae cultivated under the same conditions 
(temperature and photoperiod). Primiparous and embryonic 
development time for S. armata freyi were close to those observed for 
S. serrulatus. Although, the longevity of S. armata freyi was higher 
than for S. serrulatus and Ceriodaphnia cornuta longevity (Melão 
1997), because in these experiments the food source was algae, while 
in the present study, it was algae and a mixed suspension of yeast and 
fish ration. The quality and quantity of food are factors that control 
secondary production in aquatic ecosystems (Santos et al. 2010) and 
an increase of food availability increases longevity and egg production 
(Santos et al. 2006), thus the greater longevity and egg production 
observed for S. armata freyi can influence its secondary production.

According to Sarma et al. (2005), in tropical regions food 
availability and water temperature is higher than in temperate 
regions. Therefore, by offering more food (or richer food) during 
the experiment and increasing water temperature, the conditions 
approach those found in the tropics. Thus, under natural conditions, 
the variation in the water temperature, photoperiod and food 
availability are responsible for variations in the longevity, duration 
of the embryonic development and primiparous age.
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