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ABSTRACT KEYWORDS

The South American cardinal tetra, Paracheirodon axelrodi, is one of the most intensively Aquarium trade; Characidae;
commercialized freshwater ornamental fish worldwide. Global exports for this species are conservation; oramental
estimated at 30 million individuals annually, with the high demand supplied through both  2duaculture; production; South
wild collection within its native range of Brazil and Colombia, and captive production largely America

by the Czech Republic and to a lesser but increasing extent in Southeast Asian countries

(including Indonesia, Malaysia, and Vietnam). With monitoring indicating the core cardinal

tetra population is not impacted by current harvest practices, no restrictions have been

placed on the wild fishery, in contrast to many other ornamental fish taxa. Captive production

of the cardinal tetra currently has a total volume comparable to that of the fishery. If the

conditions in the species’ native range change—whether policy, economics, or environment—

captive production is positioned to increase in importance. In extreme circumstances,

aquaculture can serve as a haven if cardinal tetras become imperiled, securing the supply to

the ornamental market without excessive pressure on the wild populations. As a proactive

step, a detailed species guide for rearing the cardinal tetra in captivity is presented in this

review. This work is based on a literature review, experience of breeders in both the Czech

Republic and Asia, and on controlled experiments performed to validate the effects of water

conditioning on spawning success. The minimal carbonate (temporary) hardness of water was

identified as the most important factor affecting the success of cardinal tetra reproduction in

captivity. This insight into history, biology, exploitation, and conservation of this iconic

ornamental fish provides a proactive basis for future responsible and sustainable activities

and management of this charismatic and iconic ornamental fish.

Introduction a dynamically increasing aquaculture sector. The
industry is characterized by iconic species, including
the goldfish, Siamese fighting fish, and cardinal tetra
more than 7900 freshwater fish species (Novak et al. (Chapman et al. 1997; Dea 2016; Novak et al. 2020).
2025), with production predominantly sourced from  Approximately 90% of ornamental fish individuals in

Ornamental fishkeeping is a global industry involving
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trade are tropical freshwater and brackish-water spe-
cies (Evers et al. 2019). Of these, approximately 90%
of individuals are produced in captivity, while 10%
are captured in the wild (Raghavan et al. 2013; Evers
et al. 2019; Tapkir et al. 2021).

South American characids, collectively called “neon
tetras,” are particularly popular in aquariums (Tlusty
2002; Evers et al. 2019; Novak et al. 2022; Patel et al.
2023). These Neotropical fishes belong to the genus
Paracheirodon Géry, 1960, which comprises at present
three valid species (Figure 1): the cardinal tetra
Paracheirodon axelrodi (Schultz 1956), the neon tetra
Paracheirodon innesi (Myers 1936), and the green neon

tetra Paracheirodon simulans (Géry 1963). The cardinal
tetra and the neon tetra are phylogenetically closely
related, while the green neon tetra forms a sister spe-
cies of this pair (Bittencourt et al. 2020). The position
and posterior termination of the blue lateral body
stripe are the main morphological distinctions between
the three species (Figure 1). It is in the vicinity of
the adipose fin in P axelrodi and P. innesi, whereas
in P. simulans, it reaches the caudal fin base (Weitzman
and Fink 1983). Additionally, P. axelrodi and P. innesi
are vibrantly red, whereas P. simulans has a duller
coloration (Bittencourt et al. 2020). This latter differ-
ence in intensity of coloration designates P. axelrodi

Figure 1. Neon tetras Paracheirodon spp.: (A) P. axelrodi (wild morph); (B) P. axelrodi (gold morph); (C) P. innesi; (D) P. simulans;

and (e) spawning of P. axelrodi in captivity.
Source: (A-D) Jaroslav Hofmann and (E) Karel Zahradka.



and P innesi as part of the “iconic” group from an
ornamental view. The systematic status and ornamental
potential of a presumed fourth species of Paracheirodon,
with the known distribution restricted to a single
locality within the Rio Purus system in Brazil (Bleher
2008b), is yet unclear. The cardinal tetra is at present
the only formally recognized neon tetra species native
to Brazil (Magalhdaes ALB and Vitule JRS, personal
observations).

One difference between the neon and cardinal tetra
is in their ease of captive breeding. In the case of the
neon tetra, successful captive breeding fundamentally
changed their availability from being limited to
Peruvian wild-caught fisheries to now large-scale
aquaculture production across Asia, Europe, and the
USA (Tlusty 2002; Evers et al. 2019). In comparison,
captive breeding has been difficult to achieve for car-
dinal tetra (see a rare picture of its spawning in an
aquarium: Figure 1E). The cardinal tetra wild-caught
fishery is important in maintaining cultural traditions
and economic sovereignty for forest communities in
the Amazon River Basin (Tlusty 2002).

Yet fisheries face emerging challenges, with the
advancement of climate change and continued dam
construction posing a threat to the resilience and
stability of freshwater fish communities in the Amazon
River Basin (Carvalho Freitas et al. 2012). This pres-
sure may necessitate a switch in production to relying
on captive breeding for cardinal tetra supply while
native populations and the wild-caught fishery recover.
To proactively and preemptively address this potential
industry issue, a comprehensive species guide to the
current understanding on cardinal tetra reproduction
and captive breeding is presented. The guide utilizes
results from the literature review of both peer-reviewed
research articles and gray literature (hobbyist maga-
zines and books) in addition to professional insights
from industry experts and personal experience by the
authors. As this guide focuses on cardinal tetra aqua-
culture, information on water parameters and breeding
was limited to studies in captivity only. Literature was
sourced from peer-reviewed publications in English,
German, Portuguese, Czech, and Bahasa Indonesia.
Estimation of the volume of global trade of cardinal
tetras was compiled from statistical evidence in coun-
tries where this fish is produced.

Distribution, habitat, and conservation status

The cardinal tetra is a peaceful, omnivorous, steno-
thermic, and nonmigratory fish (Sanchez-Bernal et al.
2023; Batista et al. 2025). The species is native to Brazil
and Colombia, occurring in small and slow-moving
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streams (known as “igarapés” in Brazil), headwater
tributaries, forest lakes, and dynamic flooded forest
ecosystems (known as “igapds” in Brazil) from the
middle to upper Rio Negro and Orinoco River basins
in Amazonia (Figure 2). Cardinal tetras inhabit a wide
range of environmental conditions, although they prefer
acidic “black water” habitats with elevated levels of
dissolved organic matter (Geisler and Annibal 1986;
Anjos and Anjos 2006; Cooke et al. 2009; Bittencourt
et al. 2020). Cardinal tetras school and browse together
between roots and aquatic plants as well as in sub-
merged leaf litter (Walker 2004).

A recent assessment of cardinal tetra by the
International Union for Conservation of Nature
(IUCN) labeled the species as “least concern” (Lima
2023), in line with the stable status of populations in
its native range. Climate change, economic shifts (Guo
et al. 2026) and expected overexploitation by the orna-
mental industry within the Amazon River Basin all
may result in negative population impacts for this
region native ornamental fishes in the future, poten-
tially leading to decreased ecosystem resilience and
local extinctions (Castanho et al. 2020). Currently,
cardinal tetras are captured in interfluvial areas which
regularly dry out, with the core population in the
river systems thus remaining unimpacted (Figures 2b,C
and 3C; Dowd 2001). This untouched core population
(de la Riva et al. 2023) is providing a buffer against
overexploitation, but may not be immune to climate
changes impact, flow changes from further dam con-
struction, and other anthropogenic stressors such as
an invasive species introduction (Carvalho Freitas
et al. 2012; Magalhies et al. 2017).

Climate change may further exacerbate the issues
surrounding the wild harvest of cardinal tetra. As
environmental variance increases in the Rio Negro
and Orinoco River basins, extreme drought events are
likely to occur at greater frequency (see Paredes-Trejo
et al. 2023; Wagner et al. 2024). Such events could
induce population bottlenecks affecting the species
genetic structure (Bittencourt et al. 2017), which may
over time compromise the long-term viability not only
of cardinal tetra but also of other species of these
basins. Continuous monitoring of native population
stability and harvesting levels is needed to rapidly
detect population changes, and any decrease will need
to be supported by management plans focused on the
species culture in captivity. This horizon threat high-
lights the importance of preemptively and proactively
building captive breeding reference books for species
in wild-caught fisheries to ensure the impact on econ-
omies, culture, and livelihoods that rely on this trade
is lessened.
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Figure 2. Habitats of the cardinal tetra (Paracheirodon axelrodi) in Barcelos (State of Amazonas, Brazil): (A) Flooded margin of a
stream in the Cuiuni River Basin; (B) Igapé (blackwater-flooded forests) formed by a stream in the Negro River Basin; and (C)
Interfluvial field in the Cuiuni River Basin, an environment where cardinal tetra reproduction occurs.

Source: Danilo Castanho.

Figure 3. Production of cardinal tetra (Paracheirodon axelrodi): (A) Indoor culture in Indonesia; (B) Indoor culture in the Czech

Republic; and (C) Collecting in the field in Brazil.
Source: (A) Surya Gentha Akmal, (B) Jindfich Novak, and (c) Danilo Castanho.



Formal description and ornamental history

In comparison to historically iconic ornamental fish
such as the goldfish, the cardinal tetra is a relatively
new addition to science and the ornamental industry
(Novak et al. 2020). The first cardinal tetra individuals
were collected by German biologist and limnologist
Harold Sioli in 1952, and the species was first
acknowledged by the science community in 1955
when the first live individuals survived the transport
to the USA and Europe (Fernandez 2015). The orig-
inal locality was reported as a stream in the Rio
Negro basin (0°25'S 63°25'W) (Weitzman and Fink
1983). This location was indicated by Schultz (1956)
to be north of Porto Velho in Brazil, based on a
report of an anonymous collector. This is likely erro-
neous as Porto Velho is on the Madeira River, which
flows south away from Rio Negro, and cardinal tetra
has never been recorded from that area (Weitzman
and Fink 1983).

The attractiveness of this tropical fish for orna-
mental fishkeeping led to a competitive race in pub-
lishing the formal description, which was submitted
by two teams in parallel: Cheirodon axelrodi, submit-
ted by L. P. Schultz (with the support of H. R.
Axelrod) and Hyphessobrycon cardinalis submitted by
G. S. Myers and S. H. Weitzman. Although Myers
and Weitzman initially started the description process,
both descriptions were accepted just one day apart;
the former in a hobby magazine (Tropical Fish
Hobbyist; Schultz 1956) and the latter in a scientific
journal (Stanford Ichthyological Bulletin; Myers and
Weitzman 1956). The International Commission on
Zoological Nomenclature considered the evidence in
its Opinion 485 (Hemming 1957), and despite some
protests and reservations about the quality of the
analysis and processing of the submitted manuscript,
after voting (19 votes for, 5 against, 1 abstained), the
name C. axelrodi published in the Tropical Fish
Hobbyist (Schultz 1956) was finally adopted as a valid
name given it was published first. The name honors
Herbert R. Axelrod, an American tropical fish expert
(Axelrod and Schultz 1955; Axelrod 1980), but, in
fact, a man who had no involvement in its discovery.

The first records of cardinal tetra imports for orna-
mental purposes appeared as early as 1955 in the
USA and Switzerland, and imports to Germany were
recorded a year later in 1956 (Meinken 1956; Zihler
1956; Sterba 1977; Riehl and Baensch 2002; Bleher
2008a). As a result of its striking coloration, the car-
dinal tetra rapidly increased in popularity and has
remained one of the most important, widely traded
freshwater fish species in the ornamental industry

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 5

(Cooke et al. 2009; Tribuzy-Neto et al. 2020; Rincdn
et al. 2023; Sanchez-Bernal et al. 2023).

Cultural value and future of cardinal tetra
exploitation

The cardinal tetra is a valuable animal to society in
its native range, both culturally and economically (de
Almeida Militio and Bentes 2024). Yet fishermen in
the middle Rio Negro are paid a low monetary value
per individual fish. To make a living wage, they need
to increase the quantity of fish they harvest, creating
conditions wherein overexploitation of cardinal tetra
may occur. A substantial export industry has been
established around the species, with an estimated
24-32 million individuals collected from the wild in
Brazil alone in 1995, mostly from the Rio Negro trib-
utaries (Chao and Prada-Pedreros 1995). Recent infor-
mation on cardinal tetra harvest is limited, with
export data suggesting supply decreasing to 12-15
million wild individuals by 2001 (Chao 2001), to an
average of 9.2 million wild individuals annually
between 2006 and 2015 (Tribuzy-Neto et al. 2020).
Cardinal tetras are also harvested from the Colombian
portion of this watershed, and while the cardinal tetra
is one of the most commercialized species in Colombia,
the volume of export is lower than that of the Rio
Negro Basin (Sanchez-Bernal et al. 2023).

With these native populations supporting a sizeable
export industry, conservation of the native range of
cardinal tetra is essential in ensuring the continued
availability and sustainability of this species. There is
thus a strong need to develop sustainable strategies for
the region. Efforts in this area have been made, with
cardinal tetra awarded a Geographical Indication—a
national label protecting products with unique regional
characteristics—to highlight the socioeconomic impor-
tance of this wild fish for the Amazonas State of Brazil
(de Almeida Militdo and Bentes 2024). But to date,
Geographical Indication has not been that successful
in protecting the species from human impact, and fur-
ther effort is needed (de Andrade Meireles and da Silva
Souza 2024). This is particularly important as the
region is rapidly feeling the effects of both climate
change and dam construction (Carvalho Freitas et al.
2012), as the economy is focused on game fish instead
of ornamentals (Guo et al. 2026). Two strategies cur-
rently employed in improving the sustainability of wild
cardinal tetra populations were highlighted—1. aware-
ness programs in cardinal tetra fisheries, and 2. eco-
tourism. These sustainable strategies are strong
opportunities to preserve cardinal tetra populations and
sustain wild stocks in their native range.
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Awareness programs in cardinal tetra fisheries focus
on appropriate handling and care for the cardinal
tetra post-harvest to reduce mortality and thus the
need to harvest additional fish from the wild to com-
pensate for the losses. These programs are developed
and sponsored by the Brazilian government as part
of their commitment to the 2030 Agenda for
Sustainable Development of the United Nations to
meet Global Goal 12, which deals with the sustainable
management and use of natural resources (Target 12.2)
(United Nations 2015). An example of the ongoing
effort to improve the methods of fish harvest, han-
dling, and transport is the use of probiotics to improve
the health and thus survival of harvested fish (Gomes
et al. 2009). This is important from both a commercial
and environmental point of view, as it could poten-
tially improve the financial gains for fishermen, reduce
fish exploitation, and thus help to maintain wild stocks.

Ecotourism plays an important role in abating the
predicted future exploitation of cardinal tetra within
its native range. Fish watching and ecotourism are
recent and emerging activities in South America
where enthusiasts observe ornamental fish in their
natural habitats (Orth 2023). In the Rio Negro, visitors
have the opportunity to observe aquatic life up close,
providing intimate contact with nature, wildlife, and
local riverside communities. As emotional connection
to nature increases the perceived value of ecological
communities and environmentally responsible behav-
ior (Lee et al. 2020), aquatic ecotourism in the Rio
Negro may aid in preserving this region and its rich
aquatic biota.

Genetic variation of wild and captive-bred
cardinal tetra

While various aspects of genetic variation in cardinal
tetra are well studied, there is limited information on
its geographic diversity within its native range (Cooke
et al. 2009; Sanchez-Bernal et al. 2023). Data on
captive-bred specimens is also limited both by avail-
ability and accessibility, with data scattered across
literature and separate public databases (NCBI
GenBank, Barcode of Life Data System). For the first
time, a consolidated overview on genetic variation of
wild and captive-bred cardinal tetra is presented here.

A total of seven publications were identified that
focused on cardinal tetra development or characteri-
zation of various molecular resources. These included
microsatellite markers (Beheregaray et al. 2004) as
well as the variability of introns (Cooke and
Beheregaray 2007), as these are potentially suitable
for both population genetics (Bittencourt et al. 2017)

and phylogeographic studies (Cooke et al. 2009). Two
studies sequenced the species whole mitochondrial
genomes (Zhang et al. 2016; Liu et al. 2019). Three
mitochondrial and one nuclear gene of the cardinal
tetra were sequenced in a phylogenetic study focusing
on the relationships among major lineages of characid
fishes (Javonillo et al. 2010).

Of these seven studies identified, only two focused
on larger-scale patterns of genetic variation and phy-
logeography for cardinal tetra in the wild (Cooke
et al. 2009; Sanchez-Bernal et al. 2023). Cooke et al.
(2009) studied populations from various tributaries
along the Rio Negro, analyzing the variation of a
highly variable intron of the ribosomal protein S7
previously characterized in Cooke and Beheregaray
(2007). Cooke et al. (2009) revealed patterns indicative
of long-term persistence in the headwaters of the Rio
Negro Basin, as well as population fragmentation of
cardinal tetra that occurred during the relatively
recent colonization of the floodplain habitats in the
lower reaches of the river. A more recent study by
Sanchez-Bernal et al. (2023) used a broader but less
dense spatial coverage, involving populations from
both the Rio Negro and Orinoco basins, to evaluate
the historical biogeography of the species.
Sanchez-Bernal et al. (2023) analyzed partial sequences
of one mitochondrial gene (cytochrome c oxidase
subunit I; COI), one nuclear gene (myosin heavy poly-
peptide 6 cardiac muscle alpha; MYHS6), as well as
variation of eight microsatellite markers previously
developed by Beheregaray et al. (2004). Results of
Sanchez-Bernal et al. (2023) suggested the late
Pleistocene origin of the species in the headwaters of
the Orinoco Basin. Later dispersal was also evident
in both the lower Orinoco and the Rio Negro, and
indicated population structuring also in the middle
and lower Rio Negro (Sanchez-Bernal et al. 2023).
The variation of both sequenced genes did not suggest
a clear split between the two major river basins (Rio
Negro, Orinoco), indicating that the populations in
the two river basins are not separated as two evolu-
tionary distinct entities. None of the haplotypes of
the mitochondrial COI gene, which is substantially
more variable than the nuclear MYH6, was detected
in either major river basin (Sanchez-Bernal et al. 2023).

Limited information is available on genetic varia-
tion in pet-traded cardinal tetra. As of February 2026,
five COI barcodes assigned to this species originating
with certainty from traded specimens were publicly
available in GenBank and Barcode of Life (BOLD)
databases: two from a pet shop chain from Canada,
two from South Africa (Durban, KwaZulu Natal), and
one from India (Crawford Market in Mumbai,



Maharashtra). All but one of these sequences were
assigned to a single BOLD Barcode Index Number
(BOLD:AAX2701) and form a monophyletic cluster
together with wild-collected cardinal tetras. The spec-
imen from India was a mislabeled neon tetra (P
innesi), as indicated by both the COI sequence
(GenBank acc. no. JQ667559) and its photo in the
BOLD database (rec. no. IOFBI088-11).

To evaluate the genetic variation of cardinal tetras
cultured in the Czech Republic and to supplement
publicly available data, COI fragments from six car-
dinal tetra specimens were sequenced within the pre-
sented research (for methods, see Supplementary
Information). These COI fragments were obtained in
2024 from five different batches from a Czech whole-
saler and from one local producer. When combined
with the four publicly available COI sequences of
ornamental cardinal tetras mentioned above, four dis-
tinct COI haplotypes were detected among specimens
from the ornamental trade (Figure 4). None of these
were completely identical with those from
wild-collected individuals included in the phylogeo-
graphic study of Sanchez-Bernal et al. (2023). Four
of six analyzed specimens originating from the Czech

© Orinoco Basin
© Rio Negro Basin
© ornamental trade
O unknown origin

Figure 4. Haplotype network based on 468bp long fragment
of the mitochondrial gene for the cytochrome c oxidase sub-
unit | (COI), summarizing the variation of the publicly available
sequences of Paracheirodon axelrodi. Circles indicate known
haplotypes, dots on connecting lines unsampled hypothetical
haplotypes, each representing one base pair difference. The
circle size is proportional to the number of sequences within
the given haplotype (from 1 to 8). The major river basins, from
which the wild-collected specimens studied by Sanchez-Bernal
et al. (2023) originate, are indicated in color. Different shades
of gray represent specimens from ornamental trade or aquaria,
with country of origin indicated by two-letter codes (CA:
Canada, CZ: Czech Republic, ZA: South Africa). The specimens
of unknown origin, used to characterize the species mitochon-
drial genome (Zhang et al. 2016; Liu et al. 2019) or broader
phylogenetic relationships (Javonillo et al. 2010), are related to
either Orinoco or Rio Negro basins, respectively.
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Republic, including the one obtained directly from a
local breeder (GenBank acc. no. PZ101175), carried
an identical haplotype with the two South African
specimens, and differed by a single base pair from
one of the two specimens from a Canadian pet shop.
These haplotypes were closely related (1-2bp differ-
ence) to those from middle Rio Negro Basin (Figure 4).
The two remaining Czech samples shared a distinct
COI haplotype (acc. no. PZ101176) closely related to
one from the same area in middle Rio Negro Basin
analyzed by Sanchez-Bernal et al. (2023). In contrast,
the second pet-traded specimen from Canada was
distinct, being most closely related to a haplotype
collected in the Orinoco Basin (upper Rio Guaviare)
in Colombia (Figure 4).

All available molecular evidence thus indicates that
the cardinal tetra is a well-characterized species with
no cryptic variation, despite a certain level of phylo-
geographic structuring. Aquarium specimens of car-
dinal tetra originate from various sources, reflecting
large numbers of wild-collected individuals released
to the market. The majority of pet-traded cardinal
tetras analyzed so far, including those produced in
ornamental aquacultures in the Czech Republic,
showed affiliations to populations from the Rio
Negro Basin.

Economic and cultural importance

Wild fish harvest is important for the middle Rio
Negro as a symbol of economic wealth, environmental
conservation, and as an important part of culture
(Ladislau et al. 2020). Since 1994, the municipality of
Barcelos has hosted an annual festival celebrating orna-
mental fish—“The Ornamental Fish Festival Barcelos”
(Figure 5). As the largest district by area in the state
of Amazonas (112,445km?) and with a population of
approximately 26,000 people in urban area (based on
data from the Brazilian Institute of Geography and
Statistics), Barcelos hosts large crowds at the specially
built PiabaDome to watch the competition between the
two rival “teams” (Team Cardinal and Team Discus).
Through song and dance, the competition performs a
story of the role these two important taxa play in this
region. Judges are flown in to declare the winner based
on choreography, performance, costumes, and music
(Barcelos 2023). As the cardinal tetra is a key part of
the festival, the decline or loss of wild-caught fisheries
for cardinal tetra in the region will detrimentally
impact the cultural heritage of Barcelos.

The popularity of the cardinal tetra as an orna-
mental fish also plays a role in its conservation.
Cardinal tetra habitat is threatened in its native range
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Figure 5. Flyers promoting “The Ornamental Fish Festival Barcelos”: (A) The cardinal tetra team and (B) Discus fish team.

Source: BARCELOSNANET.com.br.
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Figure 6. Volume of annual export of cardinal tetra
(Paracheirodon axelrodi) in million individuals from Brazil,

Colombia, the Czech Republic, Indonesia, and Malaysia.
Cardinal tetra image by Jaroslav Hofmann.

by an array of activities, including mining, deforesta-
tion for agricultural cultivation and timber trade,
aquarium dumping (i.e., intentional release of
non-native species), and both food and ornamental
commercial fishing (Bernard et al. 2019; Magalhdes
et al. 2024; Guo et al. 2026). The ornamental trade
and its importance to local culture and economy have
placed a high value on all ornamental fish that ideally
prevents at least partially the advancement of these
threatening activities (Chao and Prang 1997; Evers
et al. 2019).

Cardinal tetra is integral to wild-caught fisheries
in the middle Rio Negro, and thus the local economy.
These fisheries are only the first stage in the global

aquarium trade network. To understand the global
volume of cardinal tetra traded annually, export infor-
mation from government databases in countries
involved in the sourcing of cardinal tetra were gathered—
Brazil, the Czech Republic, Indonesia, Colombia, and
Malaysia. Note: As there is currently no unified data
framework for recording ornamental fish trade, there
may be disagreement on the data between countries.
Across the five countries, an average of more than 30
million cardinal tetra individuals are exported annu-
ally (Figure 6).

The Czech Republic is the main exporter globally
(approximately 10 million individuals; based on the
evidence from the Czech Environmental Inspectorate
and The Customs Administration of the Czech
Republic), followed by Brazil (approximately 9.2 mil-
lion individuals; Tribuzy-Neto et al. 2020), with addi-
tional exports also from Colombia (approximately 7
million individuals; Ramirez-Gil and Ajiaco-Martinez
2001), Indonesia (2-3 million individuals; based on
BPS-Statistics Indonesia), and Malaysia (1-2 million
individuals; based on Department of Statistics
Malaysia). Just over one-half of global exports of car-
dinal tetras are harvested from wild populations, with
approximately 16.2 million individuals exported annu-
ally from Brazil and Colombia (Tribuzy-Neto et al.
2020), whereas the 13-15 million cardinal tetras
exported annually from the Czech Republic, Indonesia,
and Malaysia are captive-bred (Figure 6). Interestingly,
almost no cardinal tetras have been imported to the
Czech Republic in the last three decades (based on
the evidence from the Czech Environmental
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Inspectorate and The Customs Administration of the
Czech Republic), as the local aquaculture production
fully meets the demands of the local market.

Although a decline in ornamental fish production
and export from the Czech Republic was predicted
due to increasing costs (Evers 2015), this is not appar-
ent, with export numbers stable (Novdk et al. 2022).
The Czech Republic remains a major aquaculture
producer of cardinal tetras in captivity and has
increased the color varieties including both the “gold”
(Figure 1B) and “platinum” varieties (Zahradka 2006;
Evers et al. 2019). The total production of large local
aquaculture facilities was estimated to be 7.5 million
individuals of cardinal tetra annually, representing
approximately 75% of domestic production, with the
remaining 25% of domestic production supplied by
smaller private producers (Novak and Patoka, unpub-
lished data). The wholesale export price of one car-
dinal tetra individual is approximately 9 CZK (US$
0.39), yielding a total export value of approximately
US$ 3.9 million. With annual ornamental fish exports
valued at approximately US$ 32 million from the
Czech Republic (Evers et al. 2019), the cardinal tetra
represents approximately 12.5% of the overall export
value. This is in line with previous estimates of car-
dinal tetra representing 10% of market value in the
Czech Republic (Novak et al. 2022). The cardinal tetra
share of the domestic market is substantially lower
(approximately 0.1% of the total production in the
country; Safrata M, personal communication, 2024).
The exact quantity of domestically traded individuals
in any of the countries where cardinal tetras are pro-
duced (wild or cultured) cannot be assessed due to
a lack of data.

Cardinal tetras are exported from the five produc-
ing countries to more than 50 countries globally
(Cindelaras et al. 2025). Wild-caught individuals from
Brazil and Colombia are exported by air to at least
35 countries, primarily to the USA (Tribuzy-Neto
et al. 2020). In contrast, the Czech Republic exports
captive-bred cardinal tetras primarily within Europe
via ground transport to countries including Germany,
Austria, Belgium, France, the Netherlands, Italy, Spain,
Portugal, Denmark, and Sweden (based on the evi-
dence from the Czech Environmental Inspectorate and
The Customs Administration of the Czech Republic).
Indonesian captive-bred individuals are supplied by
air primarily to the USA as well as China, Singapore,
and Japan (based on BPS-Statistics Indonesia), while
Malaysia exports captive-bred cardinal tetras by air
mainly to Thailand and Singapore (based on
Department of Statistics Malaysia). As a reference for
Southeast Asia, in Indonesia, cardinal tetras are
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advertised with a market price of 1200 IDR (US$
0.078) per fish. Despite this being relatively low in
comparison to wild-caught fish prices in Brazil and
Colombia (Fernandez 2015), cardinal tetra aquaculture
in Indonesia is still perceived as profitable.

Even if the United States is a major importer of
ornamental fish, species-level data remain elusive
(Tlusty et al. 2024; Weissgold 2024). In assessing US
import data for the year 2020 (the last complete year
of data released as reported by Marshall et al. 2025),
a total of 40,300 cardinal tetras were imported from
six countries, primarily Brazil, Indonesia, and
Colombia, with smaller volumes imported from
Vietnam, the Czech Republic, and Thailand, the last
three being a total of 350 individual fish. Those same
six countries also shipped 20.6 million fish that were
not recorded to species level, but rather an aggregated
harmonized code of FWTF (Fresh Water Tropical
Fish). The general lack of fish species listed on the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora, and few IUCN
red-listed species, leads to a general apathy in accu-
rately understanding the biodiversity of common (spe-
cies of least concern) fish species in trade.

As a result of the sizeable annual exports recorded
from Brazil and Colombia, cardinal tetra harvest and
trade are of great economic importance in these coun-
tries. In Colombia, cardinal tetras are harvested mostly
from the Rio Negro, and also in the Orinoco and
Inirida rivers, where they are considered the most
exploited and valuable species (Ramirez-Gil and
Ajiaco-Martinez 2001). In the Brazilian state of
Amazonas, cardinal tetras account for 65% of all orna-
mental fish exports (Tribuzy-Neto et al. 2020). This
trade generates an annual income of US$ 2-3 million
for the state of Amazonas, contributing to more than
ten thousand direct and indirect jobs for around 1600
families in the region (Prang 1996; Chao 2001; Prang
and Thomé-Souza 2003; Tribuzy-Neto et al. 2020).

Despite the sizeable harvest of cardinal tetras from
the wild (Chao 2001; Anjos and Anjos 2006; Ladislau
et al. 2020), this practice, which brings social and
economic benefits to rural communities, is considered
sustainable given the total proportion of the popula-
tion harvested (Tlusty 2002). This is an exception in
the ornamental fish trade internationally, where wild
harvest is generally detrimental to native populations
from overharvesting (Evers et al. 2019). The Brazilian
market is organized so that the fish flow from the
fishermen (“piabeiros”), up to the middlemen, and
out to export companies. Demographically, piabeiros
are generally older men who receive harvest requests
from export companies via middlemen, capturing only
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what is required. Piabeiros usually receive the
equivalent of approximately US$2 for 100 captured
individuals (Fernandez 2015). In comparison, export
companies sell cardinal tetras for US$3-5 per indi-
vidual on the USA retail market (Prang 2001, 2008;
Woods 2022).

While cardinal tetras are not bred or cultured in
Singapore, this country is a known major hub for the
ornamental fish trade, serving as a key reexport center
(Cheong 1996; Yue 2019). Cardinal tetras are imported
into Singapore from Indonesia, Malaysia, Brazil, and
Colombia and then distributed to markets worldwide,
including the USA, Europe, and Asia (Ramirez-Gil
and Ajiaco-Martinez 2001; Evers 2015; Yue 2019).
Cardinal tetras are widely available in local aquarium
shops and online marketplaces in Singapore, priced
around SGD 1-2 (approximately US$ 0.8-1.6) per
fish, and are also featured in public aquariums and
exhibitions.

Life history

Despite their commercial success and global trade,
cardinal tetras have received little attention from ich-
thyologists since their discovery (Weitzman and Fink
1983). In comparison with other popular species of
ornamental fish, such as goldfish, there is limited
scientific literature published on the biology and
ecology of cardinal tetras. For example, a Google
Scholar search in January 2026 revealed approximately
hundreds of thousands of publications on goldfish
versus hundreds on cardinal tetra.

In both the wild and captivity, cardinal tetras attain
lengths up to 5cm and an average weight of 0.13 g,
with mature females slightly larger than males
(Drahotussky and Novdk 2000). Lifespan differs
between wild populations (4-5 years, unless the river
dries, in which case it may only be one season) and
captive populations (maximum recorded: ten years).
This is attributable to reliable, more nutritious diets
and lower stress in captivity (Drahotussky and Novak
2000; Walker 2004; Woods 2022).

In its natural environment, the cardinal tetra inhab-
its waters with the following parameters: pH = 3.5-
6.5, conductivity = 6-41 pS/cm, dissolved oxygen =
3.7-5mg/L, and water temperature = 23-30°C (Ladiges
1956; Geisler and Annibal 1984; Mikolji 2009; Campos
et al. 2017; DoNascimiento et al. 2017). Experimentally,
the lethal values (LC,,) were found to be: water tem-
perature min 19.6°C and max 33.7°C, pH min 2.9
and max 8.8, ammonia max 23.7mg/L, and nitrite
max 1.1 mg/L (Oliveira et al. 2008). This aligns with
mortality varying between 50 and 60% during

transport for ornamental trade, with 80% mortality
rates when nitrite concentrations exceed 1.1 mg/L and
temperatures decrease below 19°C (Dowd 2003;
Oliveira et al. 2008).

Conditions recommended in captivity were first
summarized by Meinken (1956) for cardinal tetras
imported to Germany from the wild. Later research
built on this work, with recommended captive con-
ditions for cardinal tetra being: water temperature
22-27°C, pH 4.6-7, artificial daytime lighting 7-12h,
conductivity 100-200 pS/cm, total hardness (i.e., dGH)
up to four German degrees [°D] (for details about
hardness definitions and measurement, see
Supplementary Material; Brito and Bazzoli 2017;
Drahotussky and Novak 2000; Evers 2015; Frank 1984;
Hofmann and Novak 1998, 2000; Riehl and Baensch
2002), Water chemistry below these parameters leads
to loss of coloration, reduced fitness, impaired repro-
duction, and mortality (Hofmann 2011). If the above
conditions are met, the cardinal tetra is a hardy and
peaceful fish (Drahotu$sky and Novak 2000).
Additional factors to consider include ensuring suffi-
cient space for free swimming (approximately five
individuals per ten liters, with recommended volume
of aquarium >100L), providing plants such as
Leptochilus (syn. Microsorium) pteropus for protection
and to maintain microhabitat preferences, and con-
ducting regular water changes as cardinal tetras are
intolerant of high levels of metabolic products
(Drahotus$sky and Novdk 2000; Hofmann 2011;
Valderrama 2023).

Diet

The morphological characteristics in the mouth and
teeth, as well as the reduced number of pyloric ceca,
suggest cardinal tetras have a primarily carnivorous
strategy (Rincén et al. 2023). Accordingly, cardinal
tetras are predators of small invertebrates, feeding on
the mesofauna (mainly microcrustaceans and insect
larvae) that adhere to submerged litter, structures, and
macrophytes (Walker 2004). Overall, information
about the natural diet of cardinal tetras is sparse and
should be further studied in detail. In captivity, car-
dinal tetras are fed by various pellets, flakes, vegeta-
bles, and live or frozen food such as bloodworms,
mosquito larvae, and Daphnia (Woods 2022).

Reproduction in captivity

As a characid specialized to flooded forests, the car-
dinal tetra employs an r-strategy in reproduction,
involving multiple spawnings per lifetime with
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fecundity ranging from 115 to 562 oocytes and
approximately 200 juveniles produced per female
(Anjos and Anjos 2006; Oliveira et al. 2008; Brito and
Bazzoli 2017; Cindelaras et al. 2025). Effective repro-
duction of cardinal tetras in captivity is a challenge
due to specific water chemistry requirements and
heightened sensitivity to changes, and the expertise
of producers is essential for success. Behavior is an
additional factor to control for in achieving successful
reproduction for cardinal tetra. Pair formation is dif-
ficult and time-consuming (Woods 2022), and up to
40% of captive males are infertile and must be
removed from the swarm to prevent unsuccessful
spawning (Drahotussky and Novék 2000).

While most cardinal tetra stock was historically
harvested from wild populations (Riehl and Baensch
2002; Anjos and Anjos 2006; Evers et al. 2019), their
private and commercial production in captivity began
in the same decade the species was formally
described. The first reports of cardinal tetras suc-
cessfully reproducing in captivity are in former
“Eastern Bloc” countries during the Cold War, when
imported fish were a limited commodity and rearing
novel ornamental fish could provide a relatively high
income for aquarium owners (Richter 1991). Of
these, the former Czechoslovakia was probably the
first country where cardinal tetra were successfully
cultivated (Figure 3B; Evers et al. 2019; Zahradka
2006), with commercial production starting in the
late 1950s (Novak et al. 2022) or the early 1960s
(Kre¢ek 2021). Documented reproduction of cardinal
tetras in this period is also known from Switzerland
(Zihler 1956) and Germany (Frey 1959). Since
importing fish into Czechoslovakia, then a member
of the communist bloc, was difficult due to political
and economic hurdles, many local breeders focused
on captive fish production, and this trend has per-
sisted even after those political limitations ended
(Novdak et al. 2022; Patoka et al. 2025).

As discussed above, commercial production of car-
dinal tetra in captivity has been reported primarily
from the Czech Republic (formerly Czechoslovakia,
Evers et al. 2019), with smaller-scale captive produc-
tion from Indonesia, Vietnam, and Malaysia (Yen
2013; Nurhidayat et al. 2016). Following the adoption
of breeding guides and methods from the Czech aqua-
culture companies, Vietnamese producers now pro-
duce cardinal tetra, although not yet in comparable
quantities (anonymous wholesaler, personal commu-
nication, 2024). Nurlaili et al. (2021) reported suc-
cessful cultivation of this species in West Java Province
in Indonesia around 2014, although it is debatable if
this is the origin of Indonesian production. Despite

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 1

the warmer and consistent temperatures in tropical
countries favored by cardinal tetra, their aquaculture
is restricted to indoor settings (Figure 3A). Successful
production is encouraged through the use of natural
antibiotics from Ketapang leaves (Terminalia catappa)
that leach into the water, with both the water and
leaves replaced every two days to maintain the desired
water chemistry (Nurhidayat et al. 2016). The eco-
nomic potential in ornamental fish farming in West
Java receives full support from the Indonesian Ministry
of Maritime Affairs and Fisheries, with their
Aquaculture Village program accelerating various
facilities for cultivators, including technical assistance
for cultivation, business development, and access to
capital.

Despite successful aquaculture for cardinal tetra
supporting domestic and export trade across multiple
countries, peer-reviewed scientific literature on suc-
cessful captive breeding is limited and largely anec-
dotal (Chapman et al. 1998; Anjos and Anjos 2006).
This knowledge gap is a significant barrier in facili-
tating the seamless transition from wild harvest to
captive production in the event of unsustainable
changes to wild populations from climate change or
other anthropogenic impacts. It was aimed at provid-
ing a comprehensive overview on captive reproduction
of cardinal tetras through a review involving scientific
publications as well as grey literature from hobbyist
breeders and the aquaculture industry (Table 1). Such
general recommendations can serve as a starting
point, so that the breeders can then optimize the
process that will be effective in their specific settings
(Hofmann 2011). This information was further sup-
ported by a series of experiments conducted to ascer-
tain critical water parameters for cardinal tetra
breeding. The methodology, analysis, and results of
the experiments are given in the Supplementary
material.

Captive propagation guidelines

Pre-spawning period

Five conditions were identified as influential in the
pre-spawning period to stimulate sexual activity—a
full moon, increasing atmospheric pressure, provision
of live food, artificial rain, and a decrease in dissolved
solids (Drahotussky and Novak 2000; Anjos and Anjos
2006; Zahradka 2006; Batista et al. 2025). A full moon
may act as a stimulant as it affords greater visibility,
which is essential in correctly identifying mates, com-
petitors, and predators. Increasing atmospheric pres-
sure signals the end of the rainy season, which
coincides with abundant food supply and predator
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Table 1. Water parameters recommended in various cited sources for production of cardinal tetra

(Paracheirodon axelrodi).

Source dKH [°D] dGH [°D] Temperature [°C] pH
Frank (1984) 0.0 <1.0 NA 5.2-58
Hofmann and Novék (1998) 0.0 <1.0 NA 5.0-5.8
Hofmann (2011) 0.0 2.0 24-28 5.0-55
Riehl and Baensch (2002) 0.0 About 4.0 NA 4.6-6.2
Drahotussky and Novak (2000) 0.0-0.1 2.0 27-28 5.0
Hofmann and Novék (2000) 0.0-0.5 (optimum  0.5-4.0 (optimum 26-28 45-58
0) 2.0)

Zahradka (2006) <0.3 <1.0 About 25 5.1-5.8
Vaviena (1971) NA <4.4 26-27 About 5.5
Zukal (1964) NA 2.0-3.0 26-28 6.0
Polak (1986) NA About 2.0 26-28 NA
Rybakov (1994) NA 1.0-2.0 25-27 5.0-5.5
Bydzovsky (2002) NA NA 26-28 5.5-6.2
Beltrao and Anjos (2006) NA NA 25-27 5.1-5.9
Woods (2022) NA 1.0-2.0 >24 5.5-6.0

dGH, total hardness; dKH, carbonate hardness; NA, not available.

dilution, that are optimal conditions for offspring.
Accordingly, the provision of live food also emulates
the abundant food supply available at the end of the
rainy season and was identified in three publications
as able to trigger sexually mature cardinal tetras into
displaying reproductive readiness (excited behavior
and darkening) (Richter 1991; Drahotussky and Novak
2000; Anjos and Anjos 2006). Recommended live food
included crustaceans such as Daphnia spp. and Cyclops
spp., white worms (Enchytraeus albidus), and mosquito
larvae (Richter 1991; Drahotussky and Novak 2000;
Anjos and Anjos 2006). Drahotussky and Novak
(2000) also recommended the addition of boiled egg
yolk twice per week. Artificial rain emulates rainy
season conditions and may also aid in maintaining
optimal dissolved oxygen levels (6.5+1.0mg/L). The
natural spawning of cardinal tetra is induced by the
decrease in dissolved solids, reflected in conductivity
due to the onset of the rainy season (Anjos and Anjos
2006; Batista et al. 2025). Spontaneous interest in
conspecifics has also been observed by the first author
to require no external stimulation or trigger if optimal
water chemistry conditions were maintained.
Information on the cardinal tetra reproductive sea-
son is highly varied, with three contrasting studies
available from the Czech Republic. Zahradka (2006)
reported that cardinal tetra exhibited continual spawn-
ing every 10 days. In contrast, Vaviena (1971) reported
that spawning occurred only within restricted periods,
with cardinal tetra spawning five to seven times
between October and April. While Drahotussky and
Novak (2000) also reported restricted spawning, these
periods were from December to February and from
August to October. Additionally, spawning may be
delayed if males and females are kept separately for
more than three weeks (Zahradka 2006). Evidently,
more research is required to comprehensively

understand spawning periods and identify whether
this is similar across all producer countries.
Spawning begins at the age of 11 months
(Drahotussky and Novak 2000), and breeding pairs
should be kept together in separate tanks from the
age of 5-6 months to encourage reproduction
(Zahradka 2006). Based on breeders experience, car-
dinal tetras lifespan in captivity mainly depends on
the frequency of spawning events. Fish spawned inten-
sively (i.e., multiple times per year) die within the
second or third year of life. Fish that spawn less
intensively (i.e., two to four times per year) die within
the fourth year of life. Fish kept together in a com-
munity tank that do not spawn at all, or spawn spo-
radically, can live for more than 5 years (personal
experience of authors), and a maximum of 10 years
has been recorded (Drahotus$sky and Novdk 2000;
Walker 2004; Woods 2022). The cardinal tetras used
in this research (Supplementary Information) lived in
a mixed gender tank and spawned sporadically, living
for 3-5 years, with females living longer than males.

Spawning period

To aid in identifying sexual activity, cardinal tetras
should be reared in high-volume tanks (>100L;
Drahotussky and Novak 2000). Once sexual activity
is observed, interested pairs should be released during
the evening into prepared spawning aquariums located
in a quiet place. Tanks should be dimly illuminated
with a diffused light as hatchlings are negatively pho-
totactic until they become free-swimming (Drahotussky
and Novak 2000). Cardinal tetras can be spawned in
a school of 12 individuals in a 1:1 sex ratio, or groups
of two males to one female (Drahotussky and Novak
2000; Anjos and Anjos 2006). Spawning tank condi-
tions to control include tank size, water chemistry,
and spawning materials. Minimum spawning tank size
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recommended for cardinal tetras is 10L (Vaviena
1971), but 25L volumes are also recommended
(Drahotussky and Novak 2000). If a smaller tank with
a volume of 3-5L is used (Bydzovsky 2002), a min-
imum height of 20cm is crucial to allow fish access
to the entire water column when spawning (Hofmann
and Novak 2000). Fish in the spawning tank should
not be fed (Drahotu$sky and Novdk 2000).
Maintaining optimal water conditions in controlled
aquatic environments is essential, particularly in
breeding programs for species sensitive to water
chemistry fluctuations (Swain et al. 2020) such as
cardinal tetra. Carbonate hardness (dKH) was reported
as the most important water chemistry parameter to
influence cardinal tetra reproduction as it is a limiting
factor for embryo development (Frank et al. 1984;
Frank 2000; Mattson 2014). The presented experiment
supports these findings, with dKH significantly influ-
encing spawning success in cardinal tetra (Table SI).
In addition, non-carbonate water hardness (dNKH)
was also identified to significantly influence spawning
success in cardinal tetra (Table S1). Past publications
indicated dKH values should be close to zero (Frank
et al. 1984; Frank 2000). The presented experiment
supports these findings, and it was recommended to
aquaculture managers and breeders to maintain dKH
levels between 0.0°D and 0.1°D (Figure 7; Tables S1-
S3). While dNKH was determined in the experiment
to be of lesser importance, it was recommended to
maintain dANKH levels between 0.5°D and 2.0°D
(Figure 7; Tables S1-S3). Cardinal tetra egg hatch-
ability was significantly reduced at ANKH > 3.3°D
and dKH > 0.1°D, thus reducing spawning success.
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Figure 7. Hatching success for cardinal tetras (Paracheirodon
axelrodi) across 10 treatments combining different levels of
dKH (carbonate hardness), and dNKH (non-carbonate hard-
ness); in °D. The numbers indicate four homogenous groups of
Treatments: 1=high hatching success, 2=medium hatching
success, 3=low hatching success, and 4=fail of hatching. For
details see the Supplementary material.
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Of note, no pH levels tested significantly influenced
spawning success (pH 4.6 to 6.1; Table S1).

Various locally optimized approaches are used by
breeders in producing water suitable for successful
cardinal tetra spawning. For example, Drahotussky
and Novak (2000) suggested the use of demineralized
water mixed with tap water (or boiled water) from a
reservoir in which Java fern (Leptochilus pteropus) and
Java moss (Taxiphyllum spp. and Vesicularia spp.)
clusters have been densely placed in sunlight for at
least 14 days. Rainwater or natural surface water was
also considered acceptable, with phosphoric acid used
for pH adjustments (Drahotussky and Novak 2000).
Where groundwater with high hardness is used,
reverse osmosis has been found effective in reducing
this to a suitable level within the range preferred by
cardinal tetras (Safrata V and Safrata M, personal
communication, 2025). To replicate natural breeding
habitat and encourage spawning, additions of peat
extract, filtering of water through peat, or including
peat fibers on the spawning tank floor have been
recommended (Richter 1991; Bydzovsky 2002; Kelly
2015). This should be added with caution, considering
the varying chemical compositions between different
peat types, which may not be suitable for cardinal
tetra (Brunner et al. 1980; Poldk 1986; Hofmann and
Novak 2000; Novak 2005; Marshall et al. 2011).

As cardinal tetras lay their eggs on the leaves of
aquatic plants such as Leptochilus and Taxiphyllum,
the addition of these plants to spawning tanks is a
necessity (Vaviena 1971). Alternatives include artificial
substrates such as spawning plastic tufts or Silon
clumps (Vaviena 1971). Spawning usually occurs the
next night or early morning after stocking the pair
in the spawning tank (Drahotussky and Novak 2000).
If spawning has not occurred by the third day, the
fish should be returned to the swarm, the water in
the spawning tank should be changed, and the process
can be repeated with a different pair (Drahotussky
and Novak 2000; Woods 2022).

Post-spawning period

As cardinal tetras are known for filial cannibalism,
the adult fish must be removed from the spawning
tanks immediately once eggs are identified (Drahotussky
and Novak 2000). The fecundity of cardinal tetra is
positively correlated with the size of the female, rang-
ing from 154 eggs for a 28.2mm female to 562 eggs
for a 35.5mm female (Anjos and Anjos 2006). In the
presented spawning trials, output ranged from 47 eggs
for a 35mm female to 412 eggs for a 40 mm female.
An antiparasitic treatment of water, such as one drop
of 5% methylene blue per liter, is recommended to
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prevent the growth of pathogens, which fish eggs are
susceptible to and could prevent successful incubation
and hatching (Drahotussky and Novdk 2000).
Unfertilized eggs, noticeable by their whitish appear-
ance, should be removed. The recommended optimum
water temperature during incubation is 26.0%1.0°C
(Anjos and Anjos 2006). Pale embryos (eleutheroem-
bryos) measuring 2.9+0.2mm hatch in approximately
24h after spawning (Drahotu$sky and Novak 2000;
Anjos and Anjos 2006). This process can be expedited
by controlling the temperature, with hatching occur-
ring in 18-20h when the temperature is increased to
26-28°C (Frank 2000; Anjos and Anjos 2006).

Larvae of the same age from several spawning
aquariums can be stocked into a larger out-grow tank
to start swimming (Drahotussky and Novak 2000).
Darkened conditions with weak diffuse lighting should
be maintained in the spawning or out-grow tanks
until around the fourth day, when the hatchlings
become free-swimming (Drahotussky and Novak 2000;
Frank 2000; Cindelaras et al. 2025). By the fifth day,
the larvae measure 4.1 £0.2 mm, have a developed fin
margin (protopterygiolarvae or apterolarvae), and are
actively foraging (Drahotussky and Novak 2000; Anjos
and Anjos 2006). The first feed should now be intro-
duced and consist of fish fry liquid food, cultivated
ciliates, planktonic rotifers (genera Brachionus and
Keratela), nauplii of Diaptomus copepods, or nema-
todes (e.g., Panagrellus redivivus; Anjos and Anjos
2006; Bydzovsky 2002; Cern}’r and Topercer 1989;
Drahotussky and Novak 2000; Vaviena 1971; Woods
2022). While newly hatched nauplii of Artemia brine
shrimp have been used as feed, the chosen nauplii
must be appropriately sized for the new hatchlings to
successfully ingest (Kelly 2015). As cardinal tetra lar-
vae have been recorded refusing brine shrimp nauplii,
this type of food should be given no earlier than two
weeks post-hatching (Drahotussky and Novak 2000;
Woods 2022).

Due to waste production commencing after the
first feeding, daily water exchanges and sediment
cleaning are essential to maintain the required chem-
ical and physical parameters. Water temperature in
the first three months post-hatching should not
decline below 25°C, and pH should not exceed 6.5
to support optimal food intake of young fish. The
light intensity should be slowly increased, with full
illumination on the fifth day (Frank 1984, 2000;
Drahotussky and Novak 2000).

By the twelfth day post-hatching, red pigment is
present on larvae at the base of the anal fin, with a
metallic blue stripe extending to the base of the adipose
fin. By the 22nd day post-hatching, the larvae are now

pterolarvae with all fins formed, reaching 11.0+1.0mm
total body length (Anjos and Anjos 2006). The neon
stripe appears at the age of 25-30days (Zahradka
2006). At this stage, small amounts of water used in
the adult tanks (e.g., tap water) should be added during
the daily water change. This will acclimate the fish to
common aquarium conditions. From the seventh or
eighth week post-hatching, young cardinal tetras have
similar body coloration to adults (Zukal 1964;
Drahotussky and Novak 2000). The fish reach market-
able size (3.5cm in the Czech Republic) from the age
of 6 months (Drahotussky and Novak 2000).

Different approaches to captive breeding of
cardinal tetras: welfare considerations

Commercial production of cardinal tetra largely
employs intensive breeding practices through two
models involving multiple spawning periods stimu-
lated per year (Novak J, personal observation).

The most sustainable and profitable breeding strat-
egy (based on annual reproductive output and breed-
ing stock mortality) is a method based on two
spawning periods per year with two spawning events
in each, one month apart. This allows for the pro-
duction of approximately 200 offspring per female per
spawning. With a breeding group of 100 females and
140 males (accounting for the high infertility rates in
cardinal tetras; Drahotussky and Novak 2000), this
model can produce 80,000 offspring annually per
breeding group. The process can be repeated for at
least two years with the same breeding stock until
their premature death.

An alternative, more intensive approach also
involves two spawning periods per year but with five
spawning events in each (spaced two weeks apart),
resulting in a reduced output per spawning event to
75 offspring per female. With a breeding group of
100 females and 140 males, this method only produces
around 75,000 offspring annually per breeding group.
The increase in the number of spawning events thus
does not provide additional yield but rather reduces
the overall output. Additionally, this process leads to
the mortality of most fish during their second and
third year (Novak J, personal observation).

An alternative approach to these two intensive
methods is employed in Czech aquaculture facilities
that increases welfare outcomes for cardinal tetras
(Safrata V and Safrata M, personal communication,
2025). Swarms of adult cardinal tetra, consisting of
hundreds of individuals, are kept in approximately
500L indoor stock tanks. From this, several dozen
adult fish are selected randomly and removed to



spawning tanks to form breeding groups. Immediately
after spawning, the adults are released back into the
stock tanks. As this random selection method does
not remove all fish from the tank each time, the
method reduces the likelihood of intensive spawning,
reducing stress and thus not impacting fish lifespan.
This less intensive approach is still capable of support-
ing large-scale production, with 500,000 individuals
produced annually from 100,000 to 300,000 cardinal
tetras stocked across 200 tanks in one facility. Currently,
there are at least 15 companies using this less intensive
method in the Czech Republic. A similar approach,
that is, spawning of big groups of cardinal tetras in
large tanks, is also applied by certain Indonesian pro-
ducers (Akmal SG, personal observation).

Sustainable and humane husbandry is essential in
ornamental aquaculture of cardinal tetra, particularly
with the projected increases in their captive-bred pro-
duction over wild-caught stock (Evers et al. 2019).
Consumers are also willing to pay an increased price
for ornamental fish certified as sustainably produced
(Dowd 2001; Borges et al. 2022). This should make
more sustainable husbandry an attractive option for
aquaculture managers. To facilitate this, it was rec-
ommended to require a certification for captive-bred
cardinal tetra that details the culture method, allowing
for transparency to consumers on sustainable hus-
bandry practices.

Conclusion

Cardinal tetras are widely traded in the global orna-
mental industry, currently sourced in similar propor-
tions from both wild harvest in their native range and
from captive aquaculture internationally. Captive pro-
duction was born of a time of immense economic and
political hurdles. As the trade and production of car-
dinal tetra continue to develop and expand globally,
it is necessary to ensure that the social, cultural, eco-
nomic, and ethical interests are met for both producers
and consumers, in addition to the welfare and sus-
tainability of cardinal tetra. The cardinal tetra is an
iconic jewel in the aquarium trade, and long-term,
sustainable planning and management by the orna-
mental industry will ensure this species continues to
hold this position well into the future.
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