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A b s t r a c t

A study on reproduction of neon tetra has been carried out under controlled conditions. Neon
tetra is very popular aquarium fish. It was observed that spawners of this species produce viable
gametes during a few (5–6) spawning periods only. From the breeding perspective fish of that species
should be reproduced again shortly after the completed spawning and time between spawns should be
15 to 20 days. Keeping the fish between spawning periods more than 20 days results in a significant
deterioration of quality of gametes, expressed by the decreased number of 12-day-old larvae. It was
shown that before spawning spawners should be kept in water at 22oC. The negative effect of keeping
the reproducers in water at 25oC accumulated with time.
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A b s t r a c t

Przeprowadzono badania nad rozrodem neona Innesa w warunkach kontrolowanych. Neon
Innesa jest bardzo popularną rybą akwariową. Odnotowano, że od tarlaków tego gatunku jest
możliwe uzyskanie dobrej jakości gamet podczas kilku (5–6) kolejnych tareł. Z hodowlanego punktu
widzenia ryby powinno się rozmnażać krótko po skończonym rozrodzie, a kolejne tarła powinny
odbywać się między 15 a 20 dniem. Przetrzymywanie ryb między kolejnymi tarłami dłużej niż 20 dni
skutkuje znacznym obniżeniem jakości gamet, wyrażonej jako zmniejszona liczba 12-dniowych larw.
Uzyskane wyniki wskazują, iż tarlaki między tarłami powinny być przetrzymywane w wodzie
o temperaturze 22oC. Odnotowano nasilenie się negatywnego efektu przetrzymywania ryb w tem-
peraturze 25oC.

Introduction

The aquaculture of commercial, ornamental and aquarium fishes are
strictly depending from methods of reproduction and fry rearing. In case
of freshwater fishes, the reproduction under controlled conditions was usually
done using hormonal stimulation (BRZUSKA 2000, 2005, 2006, KUCHARCZYK et
al. 2008a). The necessity of application hormonal stimulation is especially good
visible when wild cyprinids are reproduced (KUCHARCZYK et al. 1997a, b, c,
2005, SZABO 2003, KOUŘIL et al. 2007, KREJSZEFF et al. 2008, TARGOŃSKA et al.
2008, ŻARSKI et al. 2009). The last published research showed, that in domesti-
cated stock is possible to reproduce fish without application of spawning agents
(KREJSZEFF et al. 2009). In other species, i.e. percids, the fish can spawn
without hormonal stimulation, but application of spawning agent involves
spawning synchronization (KUCHARCZYK et al. 1996, 1998).

Aquaculture of ornamental fish species is an important part of fisheries
(TLUSTY 2002, BALON 2004, CEK, GOKCE 2005, CHELAPPA et al. 2005). Breeding
aquarium fish is developing particularly dynamically in Asia although recently
an extensive development has also been observed in some European countries.
Characidae is one of the groups of decorative fish commonly bread worldwide.
They live mainly in the tropical waters of South America. The best-known
representatives of that group are tetras, which cultured stocks are usually
domesticated (ELIAS 2003, BALON 2004).

The neon tetra Paracheirodon innesi (Myers, 1936) is one of the most
valuable species in the ornamental fish trade (WIETZMAN, FINK 1987). Most
fish of this species available in the market are imported from South-East Asia,
where they are raised in the fish farms, or from South America, where
they are collected from the wild (CHAPMAN et al. 1998). Annually 12–15
million neon-tetras collected from the wild are exported; this is about
80% of the total market of ornamental fish of the Amazon State (CHAO

2001). This situation led to the fear that this species may be doomed
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to extinction (BAYLEY, PETRERE 1989). For this reason the propagation
methods of different aquarium fish in captivity should be developed and
published (OLIVIER, KEISER 1997, GOSH et al. 2007).

The tetras (Characidae), including neon tetra are one of the most popular
groups of fishes that are kept in modern aquariums. They are generally
colourful and small in size and most of them only grow to 3–5 cm of total length
and can be kept in small tanks, which are more suitable for the beginning
hobbyist (KUCHARCZYK et al. 2008b, KUPREN et al. 2008). Neon tetra is much
less sensitive than cardinal tetra Paracheirodon axelrodi (SCHULTZ 1956) and
more popular as aquarium fish. Generally, tetras prefer soft, slightly acid
water which resembles to natural conditions. The water of streams and rivers
in Amazon region are poor in nutrients and minerals but rich in humic acids
(JUNK, SOARES 2001). The reproduction of these species in captivity is not easy,
but aquarists have been trying to reproduce them since the middle of XX
century. The neon tetra was first described by Myers at 1936, but was
discovered by Rabaut short time earlier in the Amazon, near Tabatinga town
(ELIAS 2003, BALON 2004).

The high market pressure stimulated the development of breeding and
rearing methods of tetras (KUCHARCZYK et al. 2008b, KUPREN et al. 2008), but
because the aquaculture of this species is a valuable business, only some
limited data concerning such information like methods of spawning are printed
(CHAPMAN et al. 1998).

The aim of this study was to reproduce of neon tetra under controlled
conditions.

Material and Methods

Spawners

Fish for broodstock were obtained from domesticated stock from one of the
Czech fish farm and transported to the Laboratory of Aquaculture at Depart-
ment of Lake and River Fisheries, Warmia and Mazury University in Olsztyn.
The collected fish (over 600 specimens) were about 1 cm of total length.
Initially they were reared at 1 m3 tank (KUJAWA et al. 1999). Later, the fish
were reared during four months at constant temperature (22oC) in recirculated
water system (KUJAWA et al. 2000). The water parameters are presented in
Table 1. Fish were fed two times daily with frozen natural food: zooplankton,
Chironomids and mosquito larvae.
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Table 1
Characteristics of water quality for rearing and spawning

of neon tetra

Type of aquarium

rearing spawning
Characteristics

Temperature (oC) 22 25
Total hardness (on) 4–5 0
Permanent hardness (on) 2–3 0
pH 6.9–7.4 5.5–6.5
NH3, NO2

– (mg dm–3) < 1.0 0
Conductivity (μS) 48–116 28–30
Addition of humic acid no yes: 0.04%

Initial spawning

Prior to spawning the fish were segregated according to sex for a period
of three weeks and fed three times a day intensively. When the fish reached
2.5–3.5 cm of total length, they were moved to the spawning tanks in order to
prepare them to the first spawning. The spawn was stimulated by manipula-
tion of environmental conditions, which was described in details in Table 1.
A spawning substrate (nylon brush) was used for egg deposition. The females
which spawned were used to further experiments. The first spawn (called as
“mass”) was made in 90 small aquariums (7 dm3 each). 3 females and 3 males
were moved to each tank. Between the experimental spawnings all of the
spawners were kept separately (males and females).

Physicochemical parameters of water used for neon tetra spawning were
constant. For that purpose water prepared was obtained from the process
of reversed osmosis, and the water with carbon hardness 0odH and total
hardness at 0on was obtained. The addition of humic acid was done. The
temperature of water in spawning tanks was 25oC. All fish, except in experiment
3, were kept at 22oC between the spawning acts. On the bottom of the
tank spawn grilles with mesh size of 5 mm were placed. The tanks were
aerated. The spawning tanks were placed in dark as neon tetra eggs are
sensitive to light. Three times a day the tanks were checked whether spawning
took place. After completed spawning the fish were caught. The 12-day-old
fry was counted on the basis of 5 return samples. At this age fish might
be counted without influence on their mortality and on the other hand,
they are not sensitive to intensive light at this time.

Experiment 1. The aim of the first experiment was the investigation the
effect of consecutive spawning acts on the number of obtained larvae. For that
purpose 10 reproductive pairs (1 male and 1 female) were used. Spawners were
placed in the late afternoon into the small tanks (7 dm3 each). Spawning
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usually began on the next (or second) day around dawn and lasted from one to
four hours. The pairs were removed immediately after completed spawning.
Every 15 days they were moved to spawning tanks again. The number of fry
was counted when the larvae were 12-day-old after hatching. The neon tetra
larvae were fed 5 times daily using SF origin artemia nauplii (LIM et al. 2002).

Experiment 2. In the second experiment the investigation concerned the
duration of the most appropriate period between spawning from the breeding
perspective. For that purpose 10 reproductive pairs that successfully com-
pleted the first spawning were moved every 5 days to spawning tanks (7 dm3).
After completed spawning the procedure was the same as in experiment 1.

Experiment 3. The third experiment investigated the influence of the
temperature (22 and 25oC) of water in which fish were kept before spawning on
the results of spawning. For that purpose two sets of fish (10 reproductive
pairs each) were used. They were moved to the spawning tanks three times, at
15-day intervals. After completed spawning the procedure was the same as
in experiment 1.

Experiment 4. The last experiment the investigation of the influence of
broodfish pairs number on spawning results. For this reason 1, 2, 3, 4, 5 or 10
tetra pairs were moved to the spawning tanks (7 dm3 each). After completed
spawning the procedure was the same as in experiment 1. Experiment was
made in triplicate.

Statistics

The obtained results were analyzed statistically. The differences in the
number of 12-day-old larvae between groups in individual experiments were
processed by variance analysis and Tuckey’s post-hoc test at significance level
of 5%. The correlation between the number of larvae and the consecutive
spawning as well as intervals between individual spawning acts and number
of pairs were subjected to regression analysis.

Results

Whatever type of experiment was conducted the percentage of ovulating
females was high, ranging from 90% to 100%. Neon tetra spawners produced
viable gametes during seven following spawns (Figure 1), including the first
– mass spawning. The highest number of 12-day old larvae was obtained after
spawn No. 3 and 2. From spawn No. 5 the number of larvae dramatically
decreased. From spawning No. 7 and three next ones no single viable indivi-
dual was obtained.
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Fig. 1. The influence of the number of completed spawning acts on the average numbers of 12-day-old
larvae obtained from one pair of the neon tetra spawners. The data marked by the same letter index

within individual spawning acts do not differ statistically

0

10

20

30

40

50

60

80

mass

n
u

m
b
e
r

o
f

o
ff

sp
ri

n
g

p
e
r

fe
m

a
le

c

c

a
a

b

b

b

5 10 15 20 25 30
period between spawns (days)

70

y x x

R

= -3.8452 + 23.798 + 23.714

= 0.7167

2

2
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of 12-day-old larvae obtained from one spawning pair of neon tetra. The data marked by the same
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Figure 2 presents the numbers of 12-day-old larvae (per female) obtained
from spawning acts, performed at fixed time intervals (after 5, 10, 15, 20, 25
and 30 days) from the first (mass) spawning. It was demonstrated that the
interval between individual reproductive acts in case of neon tetra should be
from 15 to 20 days. Keeping the fish longer than 20 days before consecutive
spawning resulted in a significant decrease of the hatch numbers obtained.
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For example, when comparing the number of larvae obtained in case of 20 and
30-day interval between spawning acts an almost 6 times decrease in the
number of larvae was noted.

It was also showed that the level of temperature, in which spawners were
kept before spawning act is important for the number of obtained viable larvae
(Figure 3). Keeping the fish at the higher of the tested temperatures (25oC) had
a significant influence on decreasing the numbers of offspring obtained as
compared to the results obtained when the fish before spawning were kept in
water at 22oC. Accumulation of the negative effect of the temperature in case
of keeping the spawners at 25oC for a longer time was also demonstrated.

The results of the influence of number of breeders pairs on quantity
of 12-day-old larvae are presented in Figure 4. The highest number of larvae
per female (about 60) was noted when a single pair was used for spawning. But,
i.e., when 10 pairs were moved to the spawning tanks, the total production
of larvae was over 280.

During all the experiments no spawners mortality was recorded.

Discussion

The industrial catching of ornamental fishes from the wild influenced their
significant decline (RAGHAVAN et al. 2007). The main problem is that in many
cases the collection of fish from the wild is cheaper than their breeding
in captivity. Also spawn of wild fish is more difficult in captivity. This situation
should be changed by fish domestication (BALON 2004, KREJSZEFF et al. 2009).
Many aquarium fishes were spawned in captivity after manipulation
of environmental conditions only (KUCHARCZYK et al. 2008b). The same situation
was noted in the case of neon tetra, where increasing the temperature,
darkness and preparing water was enough for stimulation of final maturation
of gametes.

In modern aquaculture obtaining high quality gametes, which allows both
obtaining the required number of larvae for initial rearing and planning of
production, is one of the most important problems to be solved. It is also highly
important from the economic perspective. This applies not only to fishes reared
for consumption but also other fish including the decorative and aquarium
species. Numerous factors influence the effects of reproduction, which are in
this study understood as spawning and obtaining a specific number of larvae
from the spawn. They include, among others, the fish diet and environmental
conditions. According to BROOKS et al. (1997) the differences between species
in the observed influence of environmental conditions on effectiveness of fish
reproduction and quality of gametes produced by them were described.
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In some cases the environmental conditions which the spawners are kept in
can also affect offspring rates of survival and growth as well as the resistance
to stress (BROOKS et al. 1997, TARGOŃSKA 2007).

The viable offspring of neon tetra can be obtained during a few initial
reproductive acts only (counting from the first, controlled spawning). Later,
although the fish performed the reproduction and laid eggs, the obtaining of
viable offspring is not possible. A similar situation was noted in other
Characidae, i.e. Buenos Aires tetra (Hyphessobrycon anisitsi Eigenmann, 1907)
(KUCHARCZYK et al. 2008b). On the basis of the data obtained from the
presented experiments it can be concluded that during further reproduction,
the eggs were laid but hatched larvae were not obtained. The developing eggs
usually died during the initial hours of incubation. That observation is
confirmed by numerous observations reported by aquarium owners and it is
a characteristic of Characidae. During these studies not a single viable hatch
was obtained from spawning No. 7 and next. Considering the number
of spawning pairs and the data published by SCHEURMAN (1990) on fecundity
of this species it should be estimated that not a single larvae hatched from
around 2000–3000 eggs. Similar data (except fecundity) was obtained for
Buenos Aires tetra by KUCHARCZYK et al. (2008b).

The number of obtained fry per one female, in the present experiment
ranged between 50 and 60. These data are similar to those published by
CHAPMAN et al. (1998). Neon tetra reared in the laboratory by those authors
produced a significantly higher number of larvae (82 larvae/female) than
broodstock collected from the wild or cultured (28 larvae/female). But in the
present work the 12-day-old larvae were counted not new-hatched larvae.

The influence of some factors (positive or negative) on the effect of fish
reproduction can accumulate over time. That was confirmed, among others, by
TARGOŃSKA (2007) during studies on the influence of feeding of reproducers on
the effects of reproduction of genus Symphysodon. The accumulation of
negative influence of high water temperature in which spawners were kept was
also found in case of the studied species of tetras: neon (present paper) and
Buenos Aires tetra, when extended keeping of fish in water at 25oC caused
a decrease in the number of offspring (KUCHARCZYK et al. 2008b). The influence
of water temperature on reproductive capability has been described for many
fish species (KRAAK, PANKHURST 1996). A similar relation between the tem-
perature at which the spawners were kept before reproduction and survival
of the embryos and larvae was observed in case of Menidia beryllina (Cope, 1867),
when the fish were kept under controlled conditions (HUBBS, BRYAN 1974).

The results of studies indicate that keeping spawners of neon tetra in
excessively high temperature and for excessively long intervals between con-
secutive spawning actions can significantly influenced on effects
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of reproduction. It was demonstrated that during selection of reproducers to
the spawning stock the number of completed spawning actions and the time
between them should also be considered. The results presented in this paper
fill the information gap concerning biotechnology of aquarium fish reproduc-
tion, which is quite significant also for species highly popular in aquaculture
and for economic point of view (HAKUĆ-BŁAŻOWSKA et al. 2009) during this
species culture.
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