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ABSTRACT

Betta splendens is an extremely popular ornamental fish among hobby aquarists. It has an
interesting behavioral repertoire, particularly where male aggression and territoriality are con-
cerned. The lack of scientific studies investigating optimal housing conditions in combination
with the wide variety of commercially available husbandry products, raises questions about the
welfare status of these fish in captivity. In this article, an overview of the available literature on
the biology of the betta and general considerations of ornamental fish keeping is given, and en-
vironment- and animal-related factors with potential impact on the welfare of Betta splendens
are examined. Although more research using biological and physiological indicators is needed,
the following factors constituting welfare problems have been identified: an aquarium of limited
dimensions, prevalence of Mycobacterium spp. infection, aggression to and from conspecifics or
other species in the same aquarium and the limited ability to escape, potential for stress due to
prolonged visual contact between males in shops and during shows, and the lack of environmen-
tal enrichment in the form of sheltering vegetation.

SAMENVATTING

Betta splendens is een zeer populaire siervissoort in de aquaristiek. Ze heeft een interessant dier-
soortspecifiek gedrag, vooral wat het territoriale gedrag en de agressie van mannelijke dieren betreft.
De schaarse wetenschappelijke informatie over de huisvesting in combinatie met de grote verscheiden-
heid aan huisvestingsmogelijkheden doet vragen rijzen over het welzijn van deze dieren in gevangen-
schap. In dit artikel wordt een overzicht gegeven van de voor handen zijnde wetenschappelijke litera-
tuur betreffende de biologie en de gebruiken in de aquaristiek, met als doel omgevings- en diergerela-
teerde factoren in kaart te brengen die mogelijk een impact hebben op het welzijn van Betta splendens.
Hoewel meer onderzoek nodig is, waarin gebruik gemaakt wordt van biologische en fysiologische
indicatoren, kunnen enkele mogelijke welzijnsproblemen aangeduid worden: te kleine aquariumafme-
tingen, prevalentie van Mycobacterium spp., agressie van en naar soortgenoten of andere vissoorten in
het aquarium en de beperkte mogelijkheid om eraan te ontsnappen, mogelijke stress door visueel con-
tact tussen mannelijke individuen in winkels en tijdens shows en het gebrek aan omgevingsverrijking
die een schuilplaats vormt voor deze vissoort.

INTRODUCTION

Ornamental fish keeping is a very popular hobby
(Peter and Tan, 1997; Chapman and Fitz-Coy, 1997;
Tlusty, 2002; Whittington and Chong, 2007). Each
year, over a billion ornamental fish are sold world-
wide (Ornamental Aquatic Trade Association, Whit-
tington and Chong, 2007). Despite the variety in fresh

water fish species, certain species are extremely po-
pular amongst hobbyists, including the tropical fish
Betta splendens (Chapman and Fitz-Coy, 1997). In
Thailand, known for its ornamental fish production,
Betta splendens represents 10% of the annual fish ex-
port (Wiwatchaisaet, as cited in Meejui et al. 2005).
In recent years, scientific interest in the welfare of
farmed fish produced for food, has increased (Brand-
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son, 2007). In contrast to its popularity however, there
is very little scientific literature documenting the op-
timum for various housing factors in ornamental fish
keeping. As a consequence, the hobbyist mostly relies
on non-scientific manuals, his/her own experience
and that of peers. This lack of scientific knowledge
is accompanied by a wide variety of aquaria (in many
sizes and shapes), technical equipment (consisting of
different types of filtration, heating and lighting sys-
tems), aquarium accessories (live plants, plastic or-
naments, rocks, etc.) in both physical and online pet
stores. Consequently, ornamental fish may be kept in
any number of ways, some of which seem quite ex-
treme. For example, a popular way of keeping Betta
splendens is the so-called Betta-vase. This is usually
a decorative vase, in which the animal lives in a very
small volume of water without any temperature main-
tenance, filtration system or vegetation. A similar type
of small aquarium is used by pet stores selling male
bettas. In this context, the fish are often housed indivi-
dually in transparent glass jars, smaller than the typi-
cal vase. In addition, these jars are placed adjacently.
Being in close visual proximity to each other perfor-
ming aggressive displays to chase the opponent. Shop
keepers count on these displays to make the fish more
appealing to buyers. The above-mentioned examples
touch on potential issues of water quality, available
space, exposure to aggressive opponents and the oppor-
tunity to hide, and there may be others.

Owing to the growing knowledge of fish physio-
logy and cognitive functions, the general scientific
opinion is that fish, like terrestrial animals, are sen-
tient beings; consequently, they are capable of expe-
riencing suffering (Bshary et al., 2002; Laland et al.,
2003; Chandroo et al., 2004; Huntingford et al., 2006;
Braithwaite and Boulcott 2007; Broom, 2007; Braith-
waite et al., 2013). However, disagreement exists on
some aspects of this sentiency, like the ability of fish
to feel pain (Iwama, 2007; Rose, 2007; Key, 2016).
The notion of pain sensation in fish is based on the
work by Sneddon (2002; 2003a; 2003b), who iden-
tified nociceptors in rainbow trout (Oncorhynchus
mykiss) and showed behavioral changes following a
painful stimulus in the nociceptors. Although other
authors acknowledge the existence of nociception in
fish, they argue that fish cannot experience the emotio-
nal component of pain, because they lack a neocortex
(Iwama, 2007; Rose, 2007; Key, 2016). The recency
of the article of Key (2016) and the many reactions in
response (Balcombe, 2016; Braithwaite and Droege,
2016; Broom, 2016; Dinets, 2016; Mather, 2016)
indicate that this debate is ongoing. Additionally,
the study of complex behaviors in fish, like learning
through observation, have led to more insight into the
cognitive functions of fish. Research has shown that
fish are most likely sentient beings, like mammals and
birds, because they share the same complex behaviors
(Laland et al., 2003; Brandson, 2007; Chandroo et al.,
2004). Finally, the growing knowledge of the stress
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response and the negative impact of chronic stress
in fish have led to the conclusion that fish can suffer
due to stress (Mommsen et al., 1999; Chandroo et al.,
2004; Huntingford et al., 2006; Iwama, 2007).

Animal welfare has been generally assessed in the
literature, in three different ways (Fraser, 2003): (1)
the biological functioning of an animal, (2) minimal
suffering and the promotion of contentment and (3)
the aim to provide a natural life for an animal. Another
way to conceptualize animal welfare is by the widely
known historic concept of the ‘five freedoms’, initi-
ally put forward by the Brambell committee and later
adjusted by the FAWC (farm animal welfare commit-
tee), which combines physical health and psychologi-
cal well-being (FAWC 2009). In this article, the same
description of welfare is used as Broom (1986) did,
namely that welfare is an individual state as related
to its attempts to cope with its environment, in which
the three points of Fraser (2003) are included. Despite
the diversified scientific literature about fish welfare
in general, there are few species-specific welfare data
available. The aim of this paper was to examine po-
tential welfare problems in ornamental bettas kept in
captivity by combining what is known about the bio-
logy of the species and the general information avai-
lable on housing ornamental fish.

SPECIES DESCRIPTION

Betta splendens, also known as Siamese fighting
fish or betta, was first described as a species in 1910
by C.T. Regan (Smith, 1945). Wild fish have a brown-
green color and both sexes are about 5 — 5.5 cm in size
(Smith, 1945; Jaroensutasinee and Jaroensutasinee,
2001). Domesticated bettas however, are 6 — 6.5 cm
(females are a little smaller), and male fish are bred
in almost every imaginable color. Females have less
bright colors than males (Smith, 1945). There are two
varieties of domestic bettas, the betta bred for fighting
and the ornamental variety (Smith, 1945; Meejui et
al., 2005). To the authors’ knowledge, only the orna-
mental variety with long and colorful fins is kept in
Europe.

Bettas are thought to originate from Thailand
(Smith, 1945). Their natural habitat exists of shallow
ponds and rice paddy fields with plenty of vegetation.
This vegetation provides cover against fish-eating
birds, like egrets, herons and kingfishers (Jaroensuta-
sinee and Jaroensutasinee, 2001).The water is typical-
ly high in temperature, low in oxygen and of low pH
(Smith, 1945; Jaroensutasinee and Jaroensutasinee,
2001). Bettas are carnivorous fish with a diet consis-
ting of mosquito larvae and other water insects, which
form a source of protein and fat. It is estimated that
adult male fish eat about ten to fifteen thousand larvae
per year (Smith, 1945; Goldstein, 2004).

Bettas are a member of the family of the Ana-
bantidae, known for their labyrinth organ, which is
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a pharyngeal diverticulum that enables consumption
of oxygen from the air (Liem, 1963; Kang and Lee,
2010; Alton et al., 2012). Consequently, bettas can
survive in water with oxygen levels of as low as 0 - 2
ppm, while other fish die at this concentration (Moore,
1942; Goldstein, 2004). The labyrinth organ is also
responsible for the production of air bubbles for nest
building. Male bettas build a bubble nest in the centre
of their territory, which is both a territorial mark and
the site of egg deposition by the female (Braddock
and Braddock, 1959; Bronstein, 1982).

The species is well-known and has been much
studied for its aggressive and territorial behavior by
the male fish, which is also the reason why the spe-
cies is popular in Asian countries for fighting con-
tests (Smith, 1945; Simpson, 1968; Goldstein, 2004).
When placed in the same aquarium, male fish often
fight until one dies (Goldstein, 2004).

ENVIRONMENT-RELATED FACTORS
Water quality

One of the most important aspects of fish hus-
bandry is the water quality, characterized by a number
of water parameters, such as temperature, concentra-
tion of ammonia/ammonium, nitrite and nitrate, and
oxygen levels (Hirayama, 1974). Water conditions
outside the optimal range have an impact on fish phy-
siology, which could eventually be fatal (Hiramaya,
1974; Hastein et al., 2005; Demeke and Tassew, 2016).

Wild fish are well adapted to the water conditions
of their natural environment (Hastein et al., 2005),
and the same is true for bettas (Jaroensutasinee and
Jaroensutasinee, 2001). Jaroensutasinee and Jaroen-
sutasinee (2001) found that the average water tempe-
rature in natural betta habitats during breeding season
is 29.9 °C + 1.4, and that pH levels are acidic and
range from 5.28-5.80.

For bettas kept as ornamental fish, research about
the optimal range of most water parameters is lac-
king. An indication for the optimal captive water tem-
perature, at least for breeding has been described by
Goodrich and Taylor (1934). The authors considered
the creation of a bubble nest as a sign of well-being in
male bettas and noted that these animals did not build
bubble nests when the water temperature was below
24.4 °C or above 27.7 °C. Most bubble nests were
built at a temperature of 26.6 °C, leading the authors
to conclude this to be the most optimal temperature
for breeding in bettas. Although this temperature may
first and foremost be optimal for egg development, it
is unlikely that the optimal temperature for adult bet-
tas deviates greatly. If temperature would differ signi-
ficantly, it would be a threat to the survival of particu-
larly the male betta because of prolonged inadequate
temperatures. The male would leave the nest exposed
to predators and this would eventually result in the
extinction of the species.
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The nitrogen cycle, in which bacteria in the water
convert fish waste products and excess food to am-
monia/ammonium, then to nitrite and finally to nitrate
(Etscheid, 2003), is another important aspect of water
quality. Even low levels of ammonia/ ammonium or
nitrite may be lethal to ornamental fish, but no infor-
mation has been found in the scientific literature about
the toxicity levels in bettas. Extrapolation from other
fish species is not possible because of the great va-
riability in sensitivity between fish species (Hamlin,
2006; Dolezelova et al., 2011). Also waste products,
like uneaten food particles or dead plant leaves, inevi-
tably form in an aquarium. The aerobic breakdown
of ammonia and waste products by bacteria lower the
amount of dissolved oxygen in the water, which can be
potentially lethal (Hirayama, 1974). However, because
of the labyrinth organ in bettas, dissolved oxygen
might be less of a problem for this species.

In order to manage good water quality, aquarium
water should be filtered or changed periodically. A
filter physically removes solid waste and provides
a surface for bacterial attachment for the biological
degradation of waste products and ammonia/ ammo-
nium (Hirayama, 1974). Without added bacteria, the
conditioning of a filter takes about 40 - 60 days. Af-
ter this period, ammonia and nitrite are normally low
(Hirayama, 1974). Without a filtration system, water
changes are necessary in order to prevent substances
to build up (Goldstein, 2004). According to manu-
facturers of water quality testing products and con-
ditioning products, even nitrate may become toxic in
large quantities. However, to the authors’ knowledge,
no scientific literature exists regarding this topic for
home aquaria. Hobbyists literature provides recom-
mendations but these rely on experience. In addition,
there is no literature available about the quantity of
waste product excretion per betta. This could be in-
teresting to know, in order to calculate the minimum
volume of water necessary for a betta given a specific
partial water replacement regime. In more recent lite-
rature, the impact of chronic doses of nitrite and, more
surprisingly, nitrate on health and growth in fish has
been described (Voslarova et al., 2008; Bussel et al.,
2012; Davidson et al., 2014; Monsees et al., 2016).
Moreover, research on production settings of fish
has shown that plants can reduce nitrogenous com-
pounds by 25 % (Ng et al., 1990). However, to know
the extent of a similar influence in a betta aquarium
demands more study.

Food and nutrition

Food and nutrition are essential for the health and
survival of ornamental fish (Lewbart, 1998; Man-
dal et al., 2010). Research has shown that the daily
amount of food required to maintain body weight, va-
ries between species, for example < 2.4 % of the body
weight in food per day for zebrafish (Danio rerio),
1.9 % for neon tetras (Paracheirodon innesi), < 1.5
% for moonlight gourami (7richopodus microlepis)
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and < 1.0 % for kribensis (Pelvicachromis pulcher)
(Pannevis and Earle, 1994). Information on the main-
tenance feeding requirements for the betta, seems to
be lacking.

As previously mentioned, wild bettas are carni-
vorous fish, eating primarily mosquito larvae. How-
ever, providing formulated dry food to captive bettas
has some benefits because it is less variable in nutri-
tional value and is thus less labor-intensive to main-
tain good quality. Moreover, it is less costly and there
is less risk of pathogen contamination, for example
with Mycobacterium spp. (Sales and Janssens, 2003;
Somsiri et al., 2005; Mandal et al., 2010). However,
combining live and formulated food provides better
results for growth, reproduction and survival rate of
young bettas than a single diet of live or formulated
food (Mandal et al., 2010; Puello-Cruz et al., 2010;
Sipauba-Tavares et al., 2016).

Both source and quantity of protein in betta food
are also important factors. Betta young fed protein of
animal origin show better growth and lay more eggs
with a higher hatching rate than young raised with
food containing proteins of plant origin (James and
Sampath, 2003). The quantity of protein in betta food
is an even more important factor. Growth in young
bettas is optimal when fed food containing 31-35 %
protein, but impairs at lower or higher percentages (Ja-
mes and Sampath, 2003; Zuanon et al., 2016). In ad-
dition, in female bettas, the ovaries are less developed
and eggs are of lesser quality when fed less than 35%
protein (James and Sampath, 2003). A protein content
of 45% and more is neither favorable for growth or
fecundity, possibly due to increased energy expendi-
ture for protein catabolism and increased production
of ammonia (James and Sampath, 2003). In 1945,
Smith described waste products as growth inhibiting
substances and considered them not favorable for
propagation of young bettas. When fish are overfed,
the excessive excretion of feces and urine combined
with uneaten food results in a decreased water quality
(Lewbart, 1998). This is also the reason why bettas,
and fish in general, need to be fed efficiently, i.e. not
too frequently per day and using portions of moderate
size (Lewbart, 1998; Sales and Janssens, 2003). For
betta young, this means a maximum of two feedings
per day (James and Sampath, 2004).

Carotenoids are also important in the food of bet-
tas as they are needed in the immune response. There
may also be an interplay with the color of the scales
of the fish, as red bettas need carotenoids to maintain
their color. When red males are supplemented with
carotenoids, their color becomes darker red and their
generalized cell mediated immune response is higher.
Blue males on the other hand, need few carotenoids
for their color and when these males are supplemen-
ted with carotenoids, the immune response is even
higher than in the red supplemented males (Clotfel-
ter et al., 2007). The increase in immune response by
carotenoid supplementation has been found in several
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other fish and bird species (Hill, 1999; Blount et al,
2003; Amara et al., 2004; Peters, 2007). However, the
question remains if the immune response is lower in
red bettas than in blue bettas when fed the same quan-
tity of carotenoids. It is also important to know if the
possible lower immunity of red bettas has significant
negative health effects.

Aquarium size

Wild bettas have a mean population density of 1.7
animal per square meter (range = 0.5 — 4.8) with a
nearly 1:1 M:F sex ratio (Jaroensutasinee and Jaroen-
sutasinee, 2001). The presence of the labyrinth organ
in bettas has led to the belief that these fish do not
need a large volume of water, since they can extract
oxygen from air. However, as oxygen decreases faster
in smaller volumes of water, so do waste products ac-
cumulate much quicker. Despite other potential fac-
tors, like a limited possibility of swimming in small
volumes of water, scientific and popular sources use
waste product accumulation as the only determinant
when recommending aquarium sizes. According to
the Ornament Aquatic Trade Association, an aqua-
rium should contain at least four litres of water to
prevent the accumulation of toxic products, but this
advice is regardless of fish species. When advice is
species-specific, it generally remains quite vague. A
similarly vague advice for betta, i.e. a large aquarium
is preferred over a small one, is given by Goldstein
(2004) in his betta handbook.

Social housing and other exposure to conspecifics

Bettas are considered to be territorial fish, parti-
cularly the male (Smith, 1945; Simpson, 1968; Gold-
stein, 2004). In captivity, this may potentially lead
to welfare problems due to stress from social inter-
actions when kept with other fish of the same or diffe-
rent species.

Aggressive displays and fighting between male
fish are common, even if it is costly from a metabolic
point of view (Haller and Wittenberger, 1987; Alton et
al., 2012). Male fish produce the endogenic androgen
11-ketotestosterone, responsible for male characteris-
tic development and maintenance (Hackman, 1973).
The blood concentration of this hormone rises in ag-
gressive interactions and lowers in non-aggressive in-
teractions (Francis et al., 1993). In other fish species,
it has been shown that there is a negative correlation
between 11-ketotestosterone and a hormone produced
during stressful situations, i.e. cortisol (Pickering et
al., 1987; Pottinger et al., 1996). On the other hand,
when two betta males interact aggressively while
being watched by another male conspecific, the 11-ke-
totestosteron blood levels rise (Dzieweczynski et al.,
2006), implying cortisol levels might be decreased.

A study by Fantino et al. (1972) has indicated that
male bettas are highly motivated to perform aggres-
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sive displays and that this behavior therefore has a
positive valence. Providing access to a mirror image
and allowing to perform aggressive displays towards
it, could be used as a positive reinforce to teach a male
betta to swim through a hoop (Fantino et al., 1972).
However, male bettas kept in separate tanks with pro-
longed visual contact with each other, reduce their ag-
gressive displays over time (Figler, 1972; Pecke and
Peeke, 1970). The process takes one to several days,
in which every component of the threat display (for
example gill cover erection, biting, air gulping) wanes
at different times. The question is whether it concerns
actual habituation to the sight of the other male betta,
or whether other mechanisms, similar to learned help-
lessness, underlie these findings. Although threat sig-
nals may wane following prolonged exposure of male
bettas to each other, this does not seem to influence
fight readiness or fight outcome (Meliska and Melis-
ka, 1976; Meliska et al., 1980).

Female bettas, with the exception of the 24 hours
before mating, prefer not to be kept with a male con-
specific and even choose solitude over being in the
presence of a male (Snekser et al., 2006). In the pres-
ence of a male, the female hides and appears to be
intimidated (Bronstein, 1982). When females may
choose to be near either a male or a small group of
one to three females, they spent more time near the
females (Snekser et al., 2006). Although female bettas
also fight when placed together in a small aquarium,
fighting is more rare, as individual pairs, particularly
in larger groups, and they do not have an uninterrupted
experience of the aggressive display behavior typical-
ly preceding fights (Braddock and Braddock, 1955).

Despite the fact that male bettas are usually housed
separately because of their aggressiveness and terri-
torial behavior, it has been documented that a stable
community of betta males and females may be es-
tablished if sufficient space is available (Goldstein,
1975). In a study by Goldsteins (1975), seven males
and eight females could be housed in an L- shaped
aquarium with arms of 229 x 38 x 51 cm without in-
cidence of severe injuries or complete intimidation.

When multiple fish species are kept together, be-
havioral changes are seen both at interspecies and at
species level (Sloman et al., 2011). It has also been
documented that male bettas send aggressive signs
to other fish species, which may be followed by an
actual fight (Johnson and Peeke, 1972; Johnson and
Johnson, 1973; Miley and Burack, 1977). When, dur-
ing scientific observations, a catfish (Corydoras re-
ticulatus) was briefly attacked by a betta, the attacks
quickly ended as it failed to attack back (Johnson and
Johnson, 1973). This finding is supported by Braddock
and Braddock’s (1955) remark that aggressiveness
has to be mutual in order to start a fight. In the above
mentioned study by Johnson and Johnson (1973),
paradise fish (Macropodus opercularis) and dwarf
gourami (Trichogaster lalius) had the most vigo-
rous fights with betta, which lasted for an hour.
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Environmental enrichment

Environmental enrichment for fish is increasingly
gaining interest, particularly for fish typically kept in
barren environments, e.g. under laboratory conditions
(Williams et al., 2009). The fact that most captive
environments do not have the same amount of com-
plexity as the animal’s natural habitat may have a
negative effect on welfare, as complex environments
provide animals with hiding places and, consequently,
with a sense of control over their environment
(Broom, 1991; Morgana and Tromborg, 2007). In an
experimental study in rats by Jay Weiss (1972), it has
been demonstrated that environmental control reduc-
es stress in animals even in aversive situations. In fish,
this may relate to any stimulus they consider to be a
threat, whether it be other fish or the close presence of
humans or other pets in the home. Finally, it has been
shown that early environmental enrichment may have
positive effects on fish later in life, such as the ability
to cope better with novel environments, improvement
of neuronal plasticity and higher brain mass, including
a more developed cerebellum (Kihslinger and Nevitt,
2006; Salvanes et al., 2013; Manuel et al., 2015).

The natural habitat of the betta in Thailand con-
sists of shallow pools with dense vegetation that
constitute cover against predators such as fish-eating
birds (Smith, 1945; Jaroensutasinee and Jaroensuta-
sinee, 2001). Since even the captive environment con-
sists of stimuli that may be perceived as threatening
by fish, for example movement around the aquarium,
domestic bettas may also have a need to retreat into
vegetation in order to escape these stimuli. It has been
documented that zebrafish (Danio rerio) and checker
barb (Puntius oligolepis) choose an environment
with vegetation when given the choice (Kistler et al.,
2011; Schroeder et al., 2014). Because wild zebrafish
are equally a prey species and have a similar natural
habitat as bettas, it has been suggested that the betta
might have the same preference as zebrafish for cover
in captivity (Engeszer et al., 2007).

Aside from nutritional needs, food and foraging
opportunities may also provide a type of mental stimu-
lation for captive animals (Williams et al., 2009).
Contra-freeloading, the phenomenon that an animal
favors to work for its food while food is also freely
available, has been seen in other animal species (Jen-
sen, 1963; McGowan et al., 2010). When foraging,
bettas remain near the water surface to catch prey
that reside in the water or have landed on the surface.
When they fail to get the prey on the first attack, these
food items flee. When such prey is in the water, it at-
tempts to seek cover by diving deeper, while the betta
chases it. Given the predatory nature of bettas (Smith,
1945; Paplona et al., 2004), it is likely that this species
has a high internal motivation for performing hunt-
ing behavior. When they are fed dry food or frozen
insects, these items may float on the water surface or
sink to the bottom. However, the need for chasing flee-
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ing food disappears. Research on captive carnivorous
mammals has shown that providing opportunities to
display predatory behavior, reduces the need for cop-
ing behavior (as expressed by stereotypies), and is
thought to increase welfare (Bashaw et al., 2003).

ANIMAL-RELATED FACTORS
Disease

The authors have opted to focus on diseases, for
which, in the literature, the betta in particular have
been highlighted. As a result, information on other
diseases, such as white spot (Ichtyophtirius multifiliis)
and fin rot, the common diseases for ornamental fish
in general are beyond the scope of this article and can
be found elsewhere (Gratzek, 1988; Lewbart, 2001;
Roberts et al., 2009; Crim and Riley, 2012).

‘Cotton wool’ disease, caused by Flavobacterium
columnaris, is a bacterial disease, which is especially
pathogenic to betta species (Goldstein, 2004). In-
fected fish show ulcerative lesions with mucus-like
filamentous spots (Decostere, 1998; Goldstein, 2004).
The bacterium also colonizes the surfaces of the gill,
causing necrosis of the extremity of the gill filament,
ultimately resulting in progressive necrosis of the
entire gill filament (Roberts and Smith, 2011). This
causes osmoregulatory problems, which are fatal. The
disease can be treated with antibiotics. However, anti-
microbial resistance has been documented (Declercq
et al., 2013). Prevalence studies in bettas and other
fish species are lacking and apart from the publication
by Goldstein (2004), there is no literature available
about this disease in bettas.

Another condition considered to be important for
bettas is ‘velvet’ disease (Goldstein, 2004). This dis-
ease is caused by a dinoflagellate, Piscinoodinium
spp. Young fry is especially sensitive for infection
and the development of clinical disease. The parasite
is abundantly present and flourishes in water of poor
quality. Skin and gills become infected, resulting in
hyperplasia, hemorrhage, osmoregulatory compro-
mise and necrosis (Roberts et al., 2009). Prevention
is key for this disease, as fry will mostly die when
exhibiting clinical signs (Goldstein, 2004).

Finally, mycobacteriosis is the most common
cause of death in bettas on breeding farms in Thai-
land, and it also poses risks for humans. In fish, it is
a slowly progressive disease accompanied by the for-
mation of granulomas in the liver, spleen and kidneys
of infected fish (Puttinaowarat, 1999; Zanoni et al.,
2008). Other symptoms are extreme anorexia, exoph-
thalmia, keratitis and skeletal deformities (Zanoni et
al., 2008; Chansue et al., 2009). In humans, the main
clinical signs of this zoonotic disease are limited to
skin lesions and ulcers (Gray et al., 1990; Speight and
Williams, 1997).

The prevalence of Mycobacterium spp. of domes-
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tic bettas in breeding farms in Thailand is 0 - 8 %
(Pungkachoboon, 1994). M. fortuitum and M. mari-
num are most commonly isolated in bettas (Putti-
naowarat, 1999; Puttinaowarat et al., 2002). Zanoni et
al. (2008) studied the prevalence of Mycobacterium
spp. in ornamental fish in Italy, including bettas. In
this study, dead or dying fish were selected from home
aquaria, with a prevalence of 46.8 %, of which 26 of
the 39 examined bettas were positive for some species
of Mycobacterium. In a study by Prearo et al. (2004),
a prevalence of 45 % was found in 312 samples of
ornamental fish in Italy. The bettas in that study were
commonly infected, but specific data per fish species
are absent (Prearo et al., 2004).

Body conformation

The domestic ornamental variety of Betta splen-
dens, and more specifically, of the males, is well-
known and loved for their long and elegant fins
(Smith, 1945; Meejui et al., 2005). Fins are living
body parts and contain nerve cells, resulting in pain
response when they are damaged (Brandson, 2007).
In the scientific literature, no typical fin-associated
illness has been found for this species. However, fin
damage due to attacks by other fish, e.g. by tiger barbs
(Punctigrus tetrazona), as is anecdotally known to oc-
cur in a multispecies aquarium, is not unlikely.

In addition, the question is whether the long fins
themselves hamper the fish to function properly. In
other fish species with long tails, such as the mon-
tezuma swordtail (Xiphophorus montezumae) and
the threatfin rainbowfish (/riatherina werneri), males
with long fins have a higher metabolism (Basolo and
Alcaraz, 2003; Trappett et al., 2013). While in gup-
pies (Poecilia reticulata) and threatfin rainbowfish,
long fins are not responsible for lower swimming
speed, in zebrafish they are (Nicoletto, 1991; Plaut,
2000; Trappett et al., 2013).

DISCUSSION

The aim of this article was to examine if and what
potential welfare issues exist for captive bettas. Com-
mon practices for keeping bettas, i.e. living in small
volumes of water, contact with conspecifics and lack
of environmental enrichment were described. Other
housing aspects often discussed for ornamental fish
keeping in general were highlighted.

Water parameters outside the optimal range have
an impact on fish physiology (Hastein et al., 2005;
Demeke and Tassew, 2016). The water parameter
values found in the natural habitat of bettas seem to
match well with the recommendations in the non-
scientific literature. The same may not be true how-
ever, for the size of the aquarium that is commonly
used. Aquarium size recommendations are primarily
based on waste product accumulation (ammonia, ni-
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trite and nitrate). In the literature, it has been reported
that even low doses of these products may have nega-
tive impact on fish, particularly in case of ammonia
and nitrite, and may be lethal (Voslarova et al., 2008;
Bussel et al., 2012; Davidson et al., 2014; Monsees et
al., 2016). To the authors’ knowledge, no exact toxic-
ity levels for bettas are available, and extrapolation
from other species should be exercised with caution.
Nitrate susceptibility, for example, seems to vary be-
tween fish species (Hamlin, 2006; Dolezelova et al.,
2011). This is of absolute importance as many bet-
tas are often kept in small vases without a filtration
system. Therefore, water changes are necessary for
maintaining good water quality. However, without
proper knowledge of the toxicity levels in bettas and
the amount of nitrogenous substances produced by
the fish, there is no scientific base for recommenda-
tions on water change frequency in betta aquaria. Ad-
ditionally, fluctuations in water parameters, either as
a result of water changes or the fast accumulation of
waste products in smaller volumes, and their potential
effect on welfare should be kept in mind. Finally, live
plants might have a stabilizing effect in betta aquaria
as they have a reducing effect on nitrogenous com-
pounds (Ng et al., 1990).

Species-adapted nutrition is of the utmost impor-
tance for the health and survival of betta fish. In the
scientific literature, the combination of live and for-
mulated food has been reported to result in the best
growth and survival rate in young bettas (Mandal, et
al., 2010; Puello-Cruz et al., 2010; Sipauba-Tavares
et al., 2016). If young bettas are fed with formulated
food, it should contain 35% proteins, and proteins
of animal origin are preferred (James and Sampath,
2003); For betta breeders, there is hence sufficient ev-
idence-based literature on the correct feeding of betta
fish. However, for adult bettas and bettas, which are
not used for breeding, such feeding guidelines are still
lacking. There are betta foods available that meet the
nutritional needs of these fish, but they are mostly of a
non-living nature. When floating on the surface, such
commercial food items allow bettas to attack them
from underneath, much like with live prey in natural
conditions. Other foods may sink to the bottom, al-
lowing the betta to chase them. However, it remains
to be seen whether this mimics natural hunting con-
ditions. To date, there are no data to confirm or dis-
prove an internal motivation for predatory behavior
that may be frustrated by captive feeding conditions
in captivity.

Certain fish diseases are mentioned as particularly
relevant for bettas, such as cotton wool disease and
velvet disease (Goldstein, 2004). However, more
research is necessary in order to evaluate the exact
impact of these two diseases on bettas. Although the
cited studies on the prevalence of Mycobacterium spp.
in Thailand (Pungkachoboon, 1994; Puttinaowarat,
1999; Puttinaowarat et al., 2002; Somsiri et al., 2005)
are not quite recent, they provide an indication that
Mycobacterium spp. might be a serious health issue
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for bettas. In a more recent study by Zanoni et al.
(2008), quite a number of dead or dying bettas were
infected with Mycobacterium spp. However, the iso-
lation of Mycobacterium in these fish does not auto-
matically mean that this pathogen is the cause of ill-
ness or death (Zanoni et al. 2008). More epidemiolo-
gical research needs to be done on the current preva-
lence and pathological impact on the betta in order to
define the welfare implications.

Social housing is a complex matter in bettas. First,
housing males together without continuous conflict
may not be feasible unless specific dimensions and
aquarium shapes are employed, for example as de-
scribed by Goldstein (1975). However, it must be
noted that this author obtained a stable population
of male and female bettas by gradually introducing
fish and removing those that, following the first ag-
gressive encounter, became completely intimidated,
i.e. remaining immobile in a corner of the aquarium
with disappearance of eating behavior). Consequent-
ly, during this process, a selection had occurred of a
population that could cope with social housing. It also
remains to be seen whether the size of the aquarium
needed to socially house multiple males and females
is realistic for hobbyists. Consequently, unless un-
der specific circumstances, male bettas are best kept
physically separate. Secondly, females only seek out
betta males a short while before mating, and hide from
them all other times (Bronstein, 1982) while prefer-
ring to be with other females (Snekser et al., 2006).
Hence, it is best not to house males and females to-
gether, unless the females are given retreating space
and other females live within the group. Thirdly,
similar aggression problems between betta males and
fish from other species may occur, but data are rather
scarce. The size of the aquarium and sufficient vegeta-
tion are most likely to be important stabilizing factors
(Braddock and Braddock, 1955).

Housing male bettas in separate tanks while allow-
ing them to see each other causes them to frequently
perform aggressive displays. Data indicate that being
able to see another male betta and threaten it, has re-
warding properties. However, the same may not be
true for prolonged visual contact. The observation
that males with waned threat displays will readily at-
tack other males when placed in a different context
(Meliska and Meliska, 1976), could be considered
support for the hypothesis stating that a male habit-
uates to the presence of another male. However, an
alternative explanation, in line with Weiss’ (1972)
observations of perceived lack of control by animals
over their environment, is that a male -in close and en-
during visual contact with another male- experiences
increased frustration and eventually stress due to the
inability to attain the desired outcome, i.e. chase the
opponent. The authors of the present article hypothe-
size that the observed decrease in threat displays, as
reported by several other authors (Figler, 1972; Pecke
and Pecke, 1970; Meliska and Meliska, 1976), is the
consequence of a rise in cortisol and the associated
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decrease in 11-ketotestosterone, the latter being the
hormone that is related to aggressive behavior. Future
research should focus on testing this hypothesis to de-
termine whether enforcing permanent visual contact
between male bettas constitutes a welfare problem.

Environmental enrichment, particularly in the
form of vegetation that functions as shelter, is also im-
portant for betta welfare because of the natural habi-
tat of bettas (Smith, 1945). An enriched environment
also allows animals a greater control over their envi-
ronment, which has been shown in other species to be
important to reduce the risk of chronic stress (Weiss,
1972; Morgana and Tromborg, 2007). Finally, there is
a positive effect on brain development in young fish
(Kihslinger and Nevitt, 2006; Salvanes et al., 2013;
Manuel et al., 2015). Although recently, the interest in
this topic is increasing for species used in laboratory
settings, the effect of barren environments in pet bet-
tas remains to be examined.

Finally, particularly betta males have long fins that
may be the target of attacks by other fish. Fins of fish
belong to the sensitive body parts (Brandson, 2007),
so welfare may be reduced when fins are injured. Data
on this topic as well as on the question whether the
long fins of ornamental bettas cause problems when
functioning (swimming) in water, are clearly lacking.
Studies of other species use different methods, have
another outcome and can hence not be extrapolated.

CONCLUSION

Aquarium size is a potential welfare issue because
of the trend to keep bettas in small vases and the
vague water care recommendations primarily based
on waste product accumulation. Infection with Myco-
bacterium spp. is a potential welfare issue because it
is abundant in live betta food, betta fish, betta farms
and has possible pathologic consequences for infected
fish. Female bettas are best kept in groups and with-
out the company of a male, except briefly for breed-
ing purposes. Male bettas are best kept separate from
conspecifics (males and females), and housing with
other species should be done carefully because fight-
ing can occur. There are indications that prolonged
visual exposure to other males could cause welfare
issues but more research is required. Vegetation as en-
vironmental enrichment in betta aquaria is advisable
because their natural habitat consists of thick vegeta-
tion to hide from predators. Environmental enrich-
ment may also have a stress-reducing and sheltering
effect. However, further research is required in all
these domains in order to examine and confirm (or
refute) these potential issues.
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