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Annual killifishes are found in seasonal wetlands 
that tend to dry up at certain times of the year 
(Costa 2002). There are 324 species belonging to 
the Rivulidae family, and their distribution extends 
from southern North America through southern South 
America (Costa 2008).  Austrolebias is the second 
most representative genus of annual fishes, with 34 
recorded species (Costa 2008).

Studies have shown that killifishes have elaborate 
reproductive behavior, mainly associated with the 
marked sexual dimorphism of the species (Belote & 
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Costa 2004; Garcia et al. 2008).  
However, little is known about 
their reproduction in their natural 
environment (Arenzon et al. 
1999; Shibatta 2005).  In Brazil, the annual fishes 
are considered one of the most threatened groups 
of vertebrates (Rosa & Lima 2008).  Regarding the 
possible strategies for ensuring Rivulidae conservation, 
several authors stress the importance of conducting 
studies aimed to improve the knowledge on the biology 
and ecology of these species (Reis et al. 2003; Rosa & 
Lima 2008; Volcan et al. 2010).

Reproductive success depends on timing, location 
and resource availability (Wootton 1990), and data on 
fish fecundity is important for estimating reproductive 
potential.  Egg size influences the fitness of mothers 
and offspring (Bernardo 1996), being an important 
determinants of egg and larval quality that is positively 
correlated with egg and fry survival and larval growth 
rate (Gall 1975; Chambers 1997).  Large young have 
among other things wider mouth gape, longer visual 
reactive distance and greater swimming speed than 
smaller conspecifics (Blaxter 1986; Miller et al. 
1988).

Austrolebias nigrofasciatus Costa & Cheffe, 2001 
(Image 1) is a threatened annual fish, endemic to the 
waters of São Gonçalo channel, Patos-Mirim lagoon 
system and their tributaries, in southern Brazil (Reis 
et al. 2003; Rosa & Lima 2008; Volcan et al. 2009).  
The purpose of current investigation was to study the 
reproduction of A. nigrofasciatus confined in small 
cages in their biotope.

Material and Methods: The study was conducted 
in a seasonal wetland (31048’25”S & 52025’11”W) in an 

Image 1. Male of Austrolebias nigrofasciatus captured in 
the floodplains of Padre Doutor Stream, southern Brazil.
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area about 5,000m2, located in the floodplain of Padre 
Doutor Stream (Patos-Mirim lagoon system) (Image 
2).  The sampled wetland is a shallow depression 
(about 30cm deep) with great diversity of macrophytes, 
invertebrates, especially larvae and vertebrates such 
as amphibians, and Cynopoecilus melanotaenia being 
the only annual fish species registered to this biotope 
besides A. nigrofasciatus.

Hand-net (D shaped, 2mm mesh) was used to 
collect the broodstock.  Fishes were captured, measured 
with a digital caliper (to the nearest of 0.01mm) for 
total length (TL).  Three pairs were captured (males 
37.6±3.8 mm and females 36.9±1.5 mm) and placed 
in small 5mm mesh net-cages with a volume of six 
liters.  The mesh placed on the cage was used for 
slipping food into the cage, without allowing the fish 
to escape.

A spawning nest was placed inside each unit 
consisting of a transparent plastic pot (20x15x5 cm) 
with 40g of acrylic yarn as a substrate for spawning.  
The nests were replaced each week, and the bottom 
of the cage aspirated to count the eggs.  Fecundity 
was estimated as the total number of eggs produced 
during the reproductive period and is shown as mean 
± standard deviation (SD).  The diameters of all the 
collected eggs were measured (0.01mm) with a 
stereomicroscope equipped with micrometer scale.  
The experiment lasted four weeks (06 September to 
04 October 2009).

Every three days minimum and maximum 
temperatures (0C) of the water were recorded.  Dissolved 

oxygen (0.1mg/L), pH (0.01) and conductivity (0.1μS/
cm) were monitored at the same time intervals.

Results and Discussions: Analysis of water 
showed that temperature was the abiotic variable 
with highest fluctuation during the sampling period 
(9–42 0C), ranging from 11 to 34 0C in one day.  The 
average pH, dissolved oxygen and conductivity were 
6.9±1.3 (6.3–10.5), 5.0±2.3 mg/L (3.4–8.2 mg/L) and 
482.0±50.9 μS/cm (446–518 μS/cm), respectively.  
This wide variation in thermal and environmental 
conditions observed in the study, are typical of small 
seasonal wetlands and were also observed by other 
authors who studied Austrolebias species in their 
natural habitat (Errea & Danulat 2001; Volcan et al. 
2011).

A total of 258 eggs were collected in the three 
experimental units.  Average fecundity was 21.5±12.0 
eggs/female/week (Fig. 1a), with a wide variation over 
the study period (3–39 eggs/female/week; Fig. 1b).

The average oviposition observed for A. 
nigrofasciatus is within the range found for other 

Image 2. Wetland where the experiment was conducted, 
floodplains of Padre Doutor stream basin, southern Brazil.
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Figure 1. Fecundity mean (±SD) of each female of 
Austrolebias nigrofasciatus confined for four weeks in 
natural environment (A) and mean of weekly fecundity (B).
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Rivulidae. Liu & Walford (1969) observed a weekly 
fecundity similar to that observed in the present 
study for the Austrolebias bellotti with about 21 
eggs/female.  For Austrolebias toba, Calviño (2005) 
reported an average weekly fecundity of 57 eggs/
female.  For Simpsonichthys boitonei, Shibatta 
(2005) found an average laying about three eggs/day.  
However, Volcan (2009) during a reproductive assay 
of A. nigrofasciatus in laboratory conditions observed 
a fecundity of approximately 30 eggs/week.  These 
values contrast with the present findings where the 
confined specimens showed approximately 30% lower 
fecundity than those kept in laboratory.

The eggs of A. nigrofasciatus had spherical shape 
and a 1.51±0.12 mm diameter (Fig. 2a).  The egg 
diameter varied throughout the study period, showing 
a tendency to reduction from the first week when 
the average egg diameter was 1.63±0.10 mm (Fig. 
2b), suggesting to a negative relationship between 
confinement time and egg diameter.  The reduction in 

egg diameter during the study period may reflect the 
negative effect of confinement.  Austrolebias males are 
always courting the females (Belote & Costa 2004).  
Garcia et al. (2008) observed an apparent energy 
loss in Austrolebias reicherti females during the 
reproduction event.  Despite the efforts of the males 
to secure mating, the females were disinterested.  We 
believe that maintaining the females under conditions 
of confinement for prolonged periods in the presence 
of males may end up exerting pressure to produce eggs 
continuously, making it impossible for the oocytes to 
reach the optimal size.

According to Costa & Leal (2009), Leptolebias 
species have egg diameter ranging from 0.89 to 1.00 
mm.  For five species of Simpsonichthys, Fava & Piza 
(2007) observed that eggs had spherical shape and 
diameter ranging from 0.89 to 1.11 mm, while for S. 
boitonei an average diameter of 1.60mm was observed 
(Shibatta 2005).  For C. melanotaenia, Arenzon et al. 
(1999) observed oocytes up to 1.37mm.  These studies 
have corroborated our findings regarding the mean 
and wide variation in the egg diameter recorded for A. 
nigrofasciatus.

Regardless the reproductive and environmental 
conditions, we observed that A. nigrofasciatus 
has a high fecundity rate even under confinement 
conditions, showing that a large number of eggs can 
be laid in a relatively short period of time.  Despite 
the limitations of this study (especially the small 
number of samples), these data may help in designing 
and implementing strategies for the conservation of 
the species.  Based on these results, new approaches 
and methods should be used to elucidate a clearer 
reproduction of Austrolebias species in their natural 
habitat.  Knowledge of the biology of annual fishes is 
an important step to promote the conservation of this 
endemic and threatened group. 

RefeRences

Arenzon, A., A.c. Peret & M.B.c. Bohrer (1999). Reproduction 
of the Annual Fish Cynopoecilus maelanotaenia (Regan, 
1912) based on a temporary water body population in Rio 
Grande do Sul State, Brazil. Hydrobiologia 411: 65–70. 

Belote, D.f. & W.J.e.M. costa (2004). Reproductive behavior 
patterns in three species of the South American Annual 
Fish genus Austrolebias Costa, 1998 (Cyprinodontiformes, 
Rivulidae). Boletim do Museu Nacional do Rio de Janeiro 

3

3 4

A

B

E
gg

 d
ia

m
et

er

Female

1.70

1.65

1.60

1.55

1.50

1.45

1.40

1.35
1 2

Week
1 2

E
gg

 d
ia

m
et

er

Figure 2. Mean of egg diameter (±SD) of each female of 
Austrolebias nigrofasciatus in natural environment (A) and 
of weekly mean of egg diameter (B) during four weeks. 
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