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A b s t r a c t

A study has been conducted of reproduction of the rosy barb (Puntius conchonius) under
controlled conditions. This fish are commonly kept in aquaria and are also a model fish used in
research studies. It has been shown that rosy barb spawners should be kept in water at 20oC before
reproduction, with 23oC being the optimum temperature for reproduction and eggs incubation.
The interval between successive spawnings should range from 20 to 40 days. If it is too long, reaching
60 days, the quality of the gametes, expressed in the number of reproduced fish, is significantly
reduced. The effectiveness of reproduction increases when there are more males than females in the
spawning shoal, with the sex ratio being not lower than 2:1. Despite the small size of the fish, eggs can
be also obtained by a semi-artificial method. The quality of the eggs thus obtained is not lower than
that of the eggs produced in spontaneous spawning.
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A b s t r a k t

Przeprowadzono badania nad rozrodem brzanki różowej (Puntius conchonius) w warunkach
kontrolowanych. Gatunek ten jest często hodowany w akwariach, jest również jedną z ryb
modelowych do badań.

Wykazano, że przed rozrodem tarlaki brzanki różowej powinny być przetrzymywane w wodzie
o temperaturze 20oC, a najlepsza temperatura w trakcie rozrodu oraz do inkubacji wynosi 23oC.
Odstępy między kolejnymi tarłami nie powinny być krótsze niż 20 i dłuższe niż 40 dni. Gdy są zbyt
długie i wynoszą 60 dni, jakość otrzymanych gamet, wyrażona ilością otrzymanego wylęgu, znacząco
się obniża. Efektywność rozrodu jest zwiększona gdy w stadzie tarłowym jest większa liczebność
samców niż samic, a stosunek płci wynosi nie mniej niż 2:1. Mimo małych rozmiarów ciała tych ryb
możliwe jest pozyskanie ikry od samic metodą półsztuczną. Jakość tak pozyskanej ikry nie jest niższa
niż uzyskana podczas tarła spontanicznego.

Introduction

Production and trading in ornamental fish is a large and profitable branch
of agriculture (YANONG 1996, TLUSTY 2002, CEK and GOKCE 2005, CHELAPPA et
al. 2005, WHITTINGTON and CHONG 2007). Its fastest growth has been observed
in Asia, but aquarium fish are also bred in many other part of world, including
Europe. Cyprinids are commonly bred as aquarium fish, but also as model fish
for scientific research. These include e.g. the zebrafish (Danio rerio) (LAAN et
al. 2002, PYRON 2003, KOC et al. 2008, SPENCE et al. 2008, SEGNER 2009) and
the rosy barb (Puntius conchonius) (CEK and GOKCE 2005, TARGOŃSKA 2007).
The latter species is found in natural conditions in the tropical waters of
south-east Asia, including: Afghanistan, Pakistan, Nepal, India and
Bangladesh. The popularity of domestic aquarium fish, including the rosy
barb, is caused both by its attractive colouring and ease of breeding (CEKet al.
2001, CEK and GOKCE 2005, KUCHARCZYK et al. 2008a, KUPREN et al. 2008a,
PRUSIŃSKA et al. 2008).

Some aquarium fish, such as medaka (Ozyrias latipes) and zebrafish,
are commonly used as model fish in scientific research (e.g.: KOGER et
al. 1999, PYRON 2003, SCHOLTZ et al. 2003, KOC et al. 2008, SPENCE et
al. 2008, SEGNER 2009). They are popular because they are easy to breed;
the biology of their reproduction has been elucidated in detail and they
achieve sexual maturity very early. Laboratory experiments involving the
fish have resulted in breeding lines in which the females can spawn every
day, which, however, significantly affects the fertility (e.g.: LAAN et al. 2002,
WITTBRODT et al. 2002, GERLACH 2006, SIMAO et al. 2007, BALASUBRAMANI

and PANDIAN 2008). Final gamete maturity in these fish is achieved by
stimulation through environmental conditions: temperature and photoperiod
(YANONG 1996, KOC et al. 2008, SPENCE et al. 2008, SEGNER 2009).

Katarzyna Targońska, Dariusz Kucharczyk216



Recently, model fish have come to include other species of ornamental and
domestic aquarium fish. Cyprinids are represented in this group e.g. by the
goldfish (Carassius auratus auratus) (e.g.: YUEN et al. 1997, STACEY et al. 2001,
KOBAYASHI et al. 2002, BANDYOPADHYAY et al. 2005, TARGOŃSKA and KUCHAR-

CZYK 2011) and the rosy barb. The latter species has been used to study the
morphology and operation of micropyle in fish, ontogenesis, genome manipula-
tions, including androgenesis and hormonal sex changes, freezing embryos and
clusters of cells (e.g. AMAZE and IYENGAR 1990, ADAM et al. 1995, CEK et al.,
2001, KIRANKUMAR et al. 2003, PANDIAN and KIRANKUMAR 2003). However, no
reports have been published on the comprehensive technology of rosy barb
reproduction under controlled conditions. The data published to date have
been related to selected fragments of reproduction biology of the species (CEK

et al. 2001, BHATTACHYARA et al. 2005, 2006, CEK and GOKCE 2005, TARGOŃSKA

2007). The majority of the data available on this species include amateur
observations from domestic culture rather than scientific publications. Data on
reproduction under controlled conditions are absent not only for the rosy barb,
but also for many other species of aquarium and ornamental fish, even if final
maturation of gametes is induced by the administration of hormonal agents
(YANONG 1996).

Aim of the study

The aim of this study was to determine the optimum conditions for
effective reproduction of the rosy barb under controlled conditions without
hormonal stimulation.

Materials and Methods

About 2000 larvae of rosy barb were obtained from a private aquarium-
-fish breeding farm in Olsztyn. Initial rearing was conducted for the
first three weeks in a 1 L closed water circulation (stocking density –
200 fish L–1), for another 5 weeks – in 50 L circulation with a density
of 50 fish L–1. After that time, the broodstock was transferred to 1000 L
tanks with a controllable environment, where the broodstock density was
10 fish L–1. While the fish were being reared, the temperature was maintained
at between 20 and 21oC, and the rosy barb were fed feed for aquarium
fish: Artemia nauplii, “Supervit” produced by Tropical, trout pellets “Safir”
produced by Aller-Aqua and frozen chironomid larvae (TARGOŃSKA 2007,
BALASUBRAMANI and PANDIAN 2008) – Table 1.
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Table 1
A listing of the basic components of the feeds offered to the barb during their rearing, according
to the producer’s data; data on chironomid larvae were from biochemical analysis published by

TARGOŃSKA (2007)

Frozen Tropical® Aller Aqua®

chironomids larvae “Supervit” Safir”
Specification Artemia

Protein 42 9 48 45

Fat 20 8 8 20

Carbohydrates 11–23 Nd Nd 16

Ash Nd 8 8.5 8

Fibre Nd Nd 3.5 2

Nd – no data

Initial (mass) spawn

After 10 months of rearing and after the fish had grown to be 4–5 cm long,
most of them had reached sexual maturity, which made it possible to effect
mass spawning. Spawn grates, made of a 5 mm plastic mesh, were put at the
bottom of each 10 L spawning tank, which operated in a closed water
circulation. The grates were to protect the eggs from being eaten by the
spawners. The tanks were filled with tap water mixed with water subjected to
reversed osmosis so that carbonate hardness was lower than 2on, and the total
hardness did not exceed 8on (BEKASIAK 2000). The temperature was set at 20oC
(± 0.1oC). Ten males and fifteen females were put into each of the 53 tanks and
the fish were stimulated to spawn. To this end, spawning substrate (Fontinalis
sp.) was put on the grate, the tanks were totally darkened and the heating of
the water to 23oC was started (at a rate not exceeding 1oC h–1). After 12 hours
the light was switched on and the fish were checked to see if they were starting
to spawn. Since the spawning act is spread over time and usually lasts from
2 to 4 hours, checks were made three times (every 4 hours) whether the spawn
had been laid, and the fish were then caught.

After the first (control) spawn, the fish which started reproduction were
divided into three groups and five separate experiments were carried out. The
fish which had not started reproduction were transferred to a separate tank
and were not used in further experiments.

Experiment 1. Determination of the effect of the number of males
in a spawning shoal on the reproduction results. The first experiment
involved examination of the effect of the number of males in a spawning shoal
on the percentage of females which start reproduction and on the rate
of embryo survival at the eyed-egg stage. Forty spawning teams were used to
this end. A spawning team consisted of 1 female and 1, 2, 3 or 4 males. Each
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of the teams was put in a separate 10 L aquarium, whose size and accessories
were the same as those described above. The protocol of spawning was the
same as described above. Additionally, three Petri dishes were put under the
grate in each aquarium, onto which part of the eggs was to fall, which would
enable determining the rate of embryo survival at the eyed-egg stage (PYRON

2003, TARGOŃSKA 2007). After the spawn had ended, the fish were caught and
were not used in any other experiment. Forty-eight hours after spawning, the
live and dead embryos on each Petri dish were counted. The time between an
initial and experimental spawn was 3 weeks.

Experiment 2. Determination of the effect of the inter-spawning
period on the spawning results. The issue which was dealt with in the
second experiment was what inter-spawning period would be the most benefi-
cial for breeding results. The following indicators of reproduction efficiency
were taken as: the number of females which start reproduction and the rate of
embryo survival at the eyed-egg stage. Forty reproduction teams, each consist-
ing of one female and two males which had had their first (mass) spawning,
were taken for the experiment. After 20, 30, 40 and 60 days, 10 spawner teams
were transferred to a separate spawning tank, equipped as in the first
experiment. After spawning, the fish were caught and no longer experimented
on. Live embryos on each Petri dish were counted 48 hours after spawning in
order to determine the survival rate at the eyed-egg stage.

Experiment 3. Determination of the water temperature during the
spawning phase on the reproduction results. The effect of three tempera-
tures (20, 23 and 26oC) during the spawning time on the reproduction results
were examined in the third experiment. To this end, three groups of fish (10
reproduction teams in each, consisting of one female and two males) were
transferred separately to spawning tanks where the temperature was main-
tained at the levels mentioned above. After spawning, the procedure as in
experiment 1 was followed – the spawners were caught and the number
of females which started reproduction and the rate of embryos on the Petri
dishes was determined. The interval between the initial and experimental
spawns was 3 weeks.

Experiment 4. Determination of the effect of water temperature
during the period of maintaining spawners before the spawn on the
reproduction results. The fourth experiment examined how different water
temperatures (20, 23 and 26oC) of maintaining rosy barb spawners for 3 weeks
before spawning affected the results of reproduction expressed as the rate
of spawning females and the rate of live embryos at the eyed-egg stage. Three
fish groups (10 reproduction teams, 1 female and 2 males in each) were used
for the purpose. After three weeks of maintenance at those temperatures they
were transferred to spawning tanks where the temperature was set at 23oC.
The procedure after spawning was the same as in the previous experiments.
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Experiment 5. Semi-artificial reproduction of the rosy barb. In the
fifth experiment, rosy barb spawners were reproduced by a semi-artificial
method. Twenty reproduction teams, one female and two males in each, which
had had the first (mass) spawn, were used in the experiment. Ten reproduction
teams were used as the control group – the fish reproduced spontaneously.
Upon the start of spawning, the females in the study group were caught. After
being caught, the fish were given abdominal massage to induce egg shedding
onto plastic plates. Subsequently, the males were caught and their abdomens
were massaged delicately to get them to shed sperm directly onto the eggs. The
spawners were not anaesthetised during those manipulations. Subsequently,
water (10 cm3) from the spawning aquarium was added, gametes were mixed
for 30 s and then transferred back to the aquarium. The eggs dropped freely to
the bottom, including on the Petri dishes. The procedure followed after
spawning was the same as in experiment 1 – spawners were caught after the
spawning act, the females which started reproduction and the eyed-egg-stage
embryos on the Petri dishes were counted. The interval between the initial and
experimental spawn was 3 weeks.

Statistical analysis

The results of the experiments were analysed statistically. The differences
in the embryo survival rate between groups in different experiments were
subjected to an analysis of variance and Tukey’s post-hoc test at the signifi-
cance level of 5%. For the semi-artificial spawning differences were analysed by
the Student t-test (α = 0.05). Before the statistical analysis, the data expressed
in percentage were subjected to arcsine transformation. The relationship
between the embryo survival rate and the number of males and the intervals
between spawn phases and the temperature of water was examined by means
of an analysis of regression.

Results

The parameters studied in the experiment, such as the number of males in
a spawning team, and especially the water temperature, affect the percentage
of rosy barb females which start reproduction. An analysis of the embryo
survival rate has revealed the effect of the number of males in a spawning team
has on the reproduction results (Figure 1). The composition of such a team in
rosy barb reproduction should be set at a minimal ratio of 1 female: 2 males. It
was shown both with such a ratio and when the number of males was greater
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(3 or 4) that all the females (100%) started reproduction. Moreover, no
statistical differences were found to exist in the rate of embryo survival to the
eyed-egg stage. When a female mated with only 1 male, the percentage of
females which started reproduction was lower (80%), as was the embryo
survival rate.

Fig. 1. Survival of rosy barb embryos in relationship of males to females ratio

Examination of the effect of the interval between spawn phases on the
reproduction results revealed a reduction of one of the values under examin-
ation (embryo survival rate) only when the inter-spawn period was 60 days
(Figure 2). This means that the period between reproduction acts in the rosy
barb should range from 20 and 40 days. A longer time of maintaining the fish
before the next spawn (60 days) resulted in reduction of the embryo survival
rate and a reduction of the number of ovulating females to 80%, whereas it
ranged from 90% to 100% in the other groups. The temperature was also found
to affect the reproduction results. This applies both to the effect of water
temperature on spawning (Figure 3) and to the temperature of the water in
which the fish were maintained before spawning (Figure 4). Both too low
(20oC) and too high (26oC) temperature during the spawning act affected the
process of fish reproduction. The percentage of ovulating females was 50% and
40%, respectively, whereas all the females maintained at 23oC started the
reproduction process. Moreover, the highest embryo survival rate was also
recorded at that temperature (Figure 3). Furthermore, 20oC proved to be the
most beneficial temperature for maintaining fish before spawning since 100%
of the female fish which started reproduction. Also the highest embryo survival
rate were found for this temperature. Raising the temperature of the water in
which fish were maintained before spawning resulted in reducing the percen-
tage of ovulating females (23oC – 70%, 26oC – 10%) and the embryo survival
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Fig. 2. Survival of rosy barb embryos in relationship to period between following spawns

Fig. 3. Survival of rosy barb embryos in relationship to water temperature during spawning

Fig. 4. Survival of rosy barb embryos in relationship to water temperature before spawning
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rate (Figure 4). Raising the temperature of water in which the fish were
maintained before spawning adversely affected the embryo survival rate to the
eyed-egg stage.

A comparison of the semi-artificial spawn did not reveal any statistical
differences in the rate of embryo survival to the eyed-egg stage, although the
embryo survival rate in the control group was slightly higher than in the study
group. The respective values were 82.3 ± 3.2 and 81.1 ± 4.3.

No mortality was observed among the spawners during the experiment,
including those which had gametes taken from them manually.

Discussion

Successful reproduction of domestic aquarium and ornamental fish in most
cases requires stimulation by environmental conditions, such as temperature,
photoperiod and physicochemical parameters of water (YANONG 1996). Such
fish include medaka (KOGER et al. 1999, WITTBROAD et al. 2002), zebrafish
(KOC et al. 2008, SIMAO et al. 2007, SPENCE et al. 2008, SEGNER 2009), Buenos
Aires tetra (KUCHARCZYK et al. 2008a) and rosy barb (CEK et al. 2001, CEK and
GOKCE 2005), whose reproduction was examined in this study. The possibility
of reproducing fish without the use of any hormonal agents is a very important
factor when selecting a species which can be used as a model fish (SPENCE et al.
2008). In rosy barb, raising the water temperature by about 3oC and changing
the physicochemical parameters of the water resulted in final gamete maturity
achieved after only 12 hours. Similar observations have been made about
zebrafish (GERLACH 2006, BALASUBRAMANI and PANDIAN 2008, SPENCE et al.
2008). The time needed for achieving final maturity of gametes in Buenos Aires
tetra was longer – it was about 36 hours (KUCHARCZYK et al. 2008a). In some
aquarium and ornamental fish it is necessary to apply hormonal injections in
order to induce final gamete maturation (YANONG 1996, SEN et al. 2002,
DASGUPTA et al. 2009). Reproduction of commercial cyprinids, such as carp,
bream, ide, asp, etc. in captivity usually requires hormonal stimulation. It is
not possible to obtain gametes without using agents which induce spermation
and ovulation (e.g BRZUSKA et al. 2005, KUCHARCZYK et al. 2007, 2008b,
TARGOŃSKA et al. 2008, CEJKO et al. 2009). Only in some commercial cyprinids
can gametes be obtained by stimulation with environmental conditions: water
temperature and photoperiod. This is the case, for example, with the domesti-
cated form of the ide (KREJSZEFF et al. 2009).

The experiment has shown that a spawning team of the rosy barb should
consist of a minimum of two males per 1 female. A similar composition of the
spawning shoal is recommended in spontaneous reproduction in other species
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of aquarium fish (YANONG 1996, KUCHARCZYK et al. 2008a, SPENCE et al. 2008).
When the sex ratio was equal to 1:1, a lower rate of rosy barb embryo survival
was observed. This may happen for a number of reasons, including a low
number of spermatozoa produced by one male, which are insufficient to
fertilise an egg, which can be attributed to the relatively high fertility of female
rosy barb (VARADI and HORVATH 1993, CEK and GOKCE 2005, TARGOŃSKA

2007). The effect of sperm quality on the embryo survival rate cannot be ruled
out, either. The results of studies with other species suggest that the number
of spermatozoa per egg should be as high as over 100,000 (RURANGWA et al.
2004). An insufficient number of spermatozoa results in decrease in the
percentage of fertilised eggs, which means a reduced percentage of growing
embryos. Furthermore, an excessively high number of spermatozoa compared
to the minimum number increases the survival rate, and sometimes even
compensates for the effect of other adverse factors (RURANGWA et al. 1998,
2004, CASSELMAN et al. 2006). The obtained results suggest, that fish which
spawn in stock, like rosy barb need higher proportion of males than females
during spawning act. It is probably connected with spawning behaviour of this
species and resulted with higher genetic diversity in offspring.

The rosy barb is a fish which spawns in portions. This means that it can
reproduce in controlled conditions several times during a short period of time.
Based on earlier experiments on the species (TARGOŃSKA 2007, TARGOŃSKA –
unpublished data), reproduction trials were made every 20–60 days from the
preceding spawn. It has been found that maintaining the fish in water at 20oC
for 20–40 days between spawnings gives the best results, understood as the
percentage of ovulating females and embryo survival to the eyed-egg stage.
The reproduction time between individual spawnings in rosy barb was much
longer than that found for the Buenos Aires tetra (Hemigrammus caudovit-
tatus) (KUCHARCZYK et al., 2008a) and the neon tetra (KUCHARCZYK et al. 2010).
This provides a better opportunity of using the rosy barb as a model fish as
compared to the Buenos Aires tetra, because the fish can be reproduced in
controlled conditions for several reproduction seasons. Other model fish, such
as the medaka or the zebrafish, can be reproduced much more frequently, even
every day. However, the obtained fertility rates are often equal to several eggs
of spawn per female. It takes a much longer time between spawns to increase
fertility (WITTBROTD et al. 2002, SPENCE et al. 2008).

The effect of water temperature on reproduction ability, as well as embry-
onic and larval development, has been described in a number of fish (BROMAGE

et al. 2001, DAVIES and BROMAGE 2002, ANGIUS and CANAVATE 2005), including
cyprinids (KUCHARCZYK et al. 1997, 1998, KUPREN et al. 2008b). A similar
relationship to the one found in this experiment between the temperature at
which the spawners were maintained before reproduction and the embryo
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survival rate was observed in the Buenos Aires tetra (KUCHARCZYK et al. 2008a)
and in the neon tetra (KUCHARCZYK et al. 2010). Maintaining spawners in
excessively warm water before spawning significantly reduces the number of
fish which start reproduction and the embryo survival rate. This study has
revealed a cumulative effect, both in the possibility of having a spawn and in
the proper development of embryos. The effect of environmental factors on the
reproduction results has been described, for example, by BROMAGE et al.
(2001), DAVIES and BROMAGE (2002), ANGIUS and CANAVATE (2005); studies
of cyprinids (nase, Chondrostoma nasus, and asp, Aspius aspius) in this respect
have been conducted by TARGOŃSKA et al. (2008). These studies have shown
that the greatest role in the final stage of gametes’ maturation is played by
temperature. This is similar to embryonic and larval development, when a too
high or low temperature reduces the fish survival rate and causes developmen-
tal anomalies (KUCHARCZYK 1997, 1998, KUPREN 2008b). Moreover, an excess-
ively short period of maintaining fish in proper thermal conditions before
spawning may affect the size of larvae, which has been recorded, for example,
in the carp (KUCHARCZYK et al. 2008b).

The possibility of carrying out semi-artificial reproduction and fully trans-
parent spawn provides a perfect opportunity for using rosy barb as a model
fish, as is the case with zebrafish (BALASUBRAMANI and PANDIAN 2008, SPENCE

et al. 2008). This has been increasingly reflected in studies in different aspects
of biotechnology (e.g. AMAZE and IYENGAR 1990, VARADI and HORVATH 1993,
ADAM et al. 1995, CEK et al. 2001, KIRANKUMAR et al. 2003, PANDIAN and
KIRANKUMAR 2003, CEK and GOKCE 2005, TARGOŃSKA 2007). Considering the
fertility of the rosy barb and the possibility of its periodical reproduction for
several years, it is a perfect species for model research.

Translated by JOANNA JENSEN
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