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ABSTRACT

The present study evaluated the influence of thermal management during the larviculture of Betta
splendens on survival and sex ratio, aiming to increase the proportion of males. Newly hatched larvae
were subjected to different thermal regimes, namely, T25, T28, T30 and T33 (25, 28, 30 and 33°C,
respectively). The experiment was laid out in a completely randomized design, with 4 treatments and
10 repetitions. Thermal treatment was maintained until 15 days post-hatch (DPH). Mortality was
determined at the end of the thermal regime and again at 45 DPH. At the end of the experiment, the
number of males and females obtained in the different thermal treatments was counted to analyze
the obtained sex ratio. There was a significant effect on mortality as a function of temperature only
at 15 DPH (p <0.001), with the lowest values recorded in treatments T25, T28 and T30. In terms of
sex ratio, up to 65% of males were obtained in treatment T33 (p = 0.037). In conclusion, thermal
management during the larval period can be a strategy to increase the proportion of males, but the
increase in mortality due to the rise in temperature should be considered.

Keywords: fish farming; larviculture; masculinization; ornamental fish.

INVERSAO SEXUAL DE LARVAS DE BETTA POR MANIPULACAO TERMICA
RESUMO

O presente estudo avaliou a influéncia da manipulagdo térmica durante a larvicultura de Betta
splendens na sobrevivéncia e razdo sexual, buscando aumento na propor¢do de machos. Larvas
recém-eclodidas foram submetidas a diferentes regimes térmicos, denominados: T25, T28, T30 e
T33 (25, 28, 30 e 33°C, respectivamente). Seguiu-se um delineamento inteiramente casualizado,
com 4 tratamentos e 10 repeti¢cdes. O tratamento termal foi mantido até os 15 DPE (dias pds-
eclosdo). No encerramento do regime termal e novamente aos 45 DPE foi contabilizada a
mortalidade. No final do experimento foi contabilizado o nimero de machos e fémeas obtidos nos
diferentes tratamentos térmicos para analise da proporg¢do sexual obtida. Houve efeito significativo
da mortalidade em fun¢do da temperatura apenas aos 15 DPE (p <0,001) e os tratamentos T25,
T28 e T30 apresentaram os menores valores para tal pardmetro. Para a razio sexual, foram obtidos
até 65% de machos no tratamento T33 (p = 0,037). Conclui-se que a manipulacdo termal durante
o periodo larval pode ser uma estratégia para o aumento da proporgao de machos, considerando
o aumento da mortalidade em fun¢do da elevagdo da temperatura.

Palavras-chave: piscicultura; larvicultura; masculinizagdo; peixe ornamental.

INTRODUCTION

The farming of aquatic organisms for ornamental purposes has gained prominence,
with its growth leveraged by the popularization of fishkeeping around the world.
The activity involves over 100 countries and 5,400 species, including marine and
freshwater organisms (Zuanon et al., 2011).

In the economic aspect, the ornamental fish market moves around 70% of the global
capital related to the activity in developing countries, with around 90% of these animals
being produced in captivity (Dias et al., 2018). Brazil is considered one of the main
exporters in South America, with a record 41 million ornamental fish exported in
2008 (SISCOMEX, 2020). Exports are restricted to native species that are obtained
from fishing, which constitute the main source of income for small fishing communities
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across the country (Anjos et al., 2009). In contrast, captive
production is often limited to the farming of exotic species, which
demand low technology and are widespread in aquariums. Thus,
the ornamental fish farming segment — which today supplies the
domestic market almost exclusively — is one of the branches of
aquaculture with great growth potential for the coming years if
better organized and coordinated (FAO, 2020).

Among the freshwater species, the Siamese fighting fish,
commonly known as the “betta” (Betta splendens), stands out
for its exuberance, exhibiting a variety of fin shapes and colors.
Having originated from the Asian continent, it is easily found in
nature in lakes and backwaters and can survive in environments
with low oxygen content (Gomes et al., 2019). In the reproductive
context, the species is extremely prolific, being easily cultivated
in captivity (Faria et al., 2006).

In Brazil, the betta was introduced during the 60s and 70s,
and due to its hardiness, it became popular mainly due to its low
management requirements. As a tropical species, adapted well
to the environment conditions in such tropical country, mainly
regard to temperature conditions, witch in the nature it find to
be 29.9°C for reproduction (Jaroensutasinee and Jaroensutasinee,
2001) and in rearing conditions, 25-29°C (Harlioglu and Mise-
Yonar, 2008). For larvae, recently was determined that the range
for rearing was set between 25-33°C, being 28°C the better results
for survival (Carvalho et al., 2021).

Among the conditions for the success of the activity, prioritizing
the production of male Betta splendens individuals is extremely
important, given their accentuated development of the fins and
more vibrant colors compared with females, attaining higher
market values (Thongprajukaew et al., 2014). To increase the
number of males from a single spawning, sex reversal techniques
involving the use of hormones have been investigated in the species
(Kavumpurath and Pandian, 1994; Kirankumar and Pandian,
2002; Kipouros et al., 2011; Reis et al., 2016).

Fishes are the group that has more sex determination mechanisms
among vertebrates, namely, GSD — genetic sex determination
— which is controlled by gens; ESD — environmental sex
determination — which control by abiotic factors, as temperature;
and a last mechanism which evolves an interaction between both
(GSD+ESD) (Santos et al., 2017).

In bettas, recently, two papers (Kwon et al., 2021; Zhang et al.,
2021) showed that the most of heterozygous individuals are male,
which supports that in such specie, the male phenotype could be
formed by heterogametic sexual chromosomes (XY/XX). However,
even when XX vs XX cross was performed, 10% of offspring were
male, confirming an incomplete genotypic sex determination in
betta (Kwon et al., 2021). Zhang et al. (2021) also find in minor
proportions homogametic males in their study, which, according
with authors, suggest the influence of environmental factors in
sex determination in this species.

The manipulations of sex ratio in fish farming it is a well know
practice applied in aquaculture with the objective of reach better
productive results, exploring characteristics such differential
growth rate between male and female, minimization of unexpected
reproductions, reduction of introduction of exotic species in some

biomes, or yet, obtaining animals from sex with higher commercial
value in the market, such betta. There are few approaches that
could be applied to induce the sex reversion in fish, such as ploidy
manipulation, hormonal treatments, manipulation of social factors
and environmental conditions, being the temperature, the main
factor used for this purpose. A complete review of this theme is
provided by Budd et al. (2015).

On this basis, the present study was undertaken to examine the
effect of different thermal treatments during the larval development
of Betta splendens by analyzing the survival of the fish and the
sex ratio achieved.

MATERIAL AND METHODS

Broodstock maintenance and larval hatchery

The experiment was carried out at the Marine Biology Station
(EBM) of the Federal Rural University of Rio de Janeiro,
located in Itacurugad, district of Mangaratiba/RJ, Brazil (Latitude:
-22.92930151; Longitude: -43.90697569). The total experimental
period was 180 days.

Twenty adult couples of B. splendens of the longtail variety of
a commercial lineage were acquired from producers registered
with the Association of Aquaculturists of Patrocinio de Muriaé
and Bardo do Monte Alto-MG (AQUIPAM - BMA), at four
months of age. The animals were identified, weighed (average
weight: males =1.78 £0.18 g; females = 1.03 £0.07 g) and were
distributed individually into 2 L glass aquarium.

During the acclimation period, the water temperature was
maintained at 28°C, where the animals remained for 60 days
until spawning. Every two days, approximately 50% of the
water was renewed and feces and debris were removed by
siphoning. A commercial extruded feed (36% Crude Protein,
1.7 mm) was supplied ad libitum twice daily (09h00 am and
18h00). Bloodworm was supplied twice weekly, at the rate of
one larva per animal.

After acclimation period, the couples were separated and
distributed into 20 (twenty) tanks for reproduction. The period
of adaptation to amplexus and spawning lasted approximately
96 h. After spawning, the females were removed from aquarium
and the eggs were kept with the males until hatching (24-36 h)
and, subsequently, the larvae were collected for the beginning
of the trial.

Experimental condition

The experiment was laid out in a completely randomized design
according to the following mathematical model: ¥; =u+T; +¢;,
where Yij are the observed variables; # is the overall mean; 7;
is the fixed treatment effect at four temperatures, namely, 25,
28, 30 and 33°C (T25, T28, T30 and T33, respectively, with
10 repetitions per treatment); and ¢j is the random error effect.

Each thermal treatment had 10 beakers that counting as
repetitions. The spawning of each couple was identified and was
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distributed in different beakers equally between each treatment.
This was performed to observe and isolate the effect of breeders
in the sex determination. A total of 1200 newly hatched larvae
(D0) were used, at a density of 30 larvae/beaker.

For the thermostatic baths, the beakers with the newly hatched
larvae were immersed in water and then acclimated at 1°C
h'. To maintain the temperature in the T25 treatment, a BOD
incubator was used. For treatments T28, T30 and T33, thermostats
with a heater inside thermoboxes were used. Pumps for water
recirculation were installed, maintaining the temperature uniform
between the containers.

The thermal treatment lasted up to 15 days post-hatch (DPH),
according with the ontogenetic period corresponding to the
beginning of sexual differentiation and the appearance of the
gonadal tissue in B. splendens (Pattiasina et al., 2021; Kwon et al.,
2021). Throughout the experimental period, the temperatures were
monitored four times daily using a digital multiparameter device.
The recorded values were within the initially proposed ranges
for each treatment (25.0 = 0.2°C; 27.9£0.1°C; 30.0 £ 0.2°C and
33.0 £0.2°C).

From DPH 3 onwards, the larvae received exogenous feed,
consisting of newly hatched Artemia nauplii. The larvae were
feed ad libtum three times a day (08h00, 13h00 and 19h00).
Every two days, 40% of the total water volume in each container
was renewed, with the waste siphoned. At the end of the thermal
treatment, the number of surviving larvae in each container was
counted for further statistical analysis of mortality (%).

Following the heat treatment period, the fish were acclimated
and kept at a temperature of 28°C, observing the variation
of 1°C h''. The protocol for the maintenance of the animals
was similar to that used in the initial stage, and from 30 DPH
onwards, the fish started to be supplied with a commercial
powdered feed (55%CP, 125-250 mm) in co-feeding with
Artemia nauplii. At the end of 45 DPH, surviving animals
were counted again to detect a possible residual effect of heat
treatment on survival.

Obtaining data for sex ratio

At the final stage (after 45 DPH), the animals were distributed
in separated net cages and identified for each thermal treatment,
inside a 1000-L tank with a 40-cm water column and a submersible
pump that allowed the exchange of water between the tank and
the net cages. At this stage, the powdered feed was gradually
replaced by an extruded commercial feed, which was supplied
twice a day.

The animals that could be identified by sex were removed and
counted for further statistical analysis. During this period, the sex
was identified by the appearance of secondary sexual traits. Males
exhibit an accentuated growth of the dorsal, caudal, and ventral
fins, in addition to a characteristic aggressive behavior. Females
can be determined by bulging of the belly and the appearance of a
white spot on the abdomen, called ovipositor (Faria et al., 2006).
The overall sex differentiation of animals lasted 135 days, with
no mortalities observed during this period.

Statistical analysis

The data were initially subjected to the Shapiro-Wilk and
Bartlett tests to check for normality and homoscedasticity. From
this analysis, the percentage values were arcsine-transformed.
Subsequently, the data were subjected to analysis of variance
(ANOVA). When differences between the means were detected,
Tukey’s test was applied at 5% significance.

During the experiment, three replicates had a drastic drop
in the proportion of males for no apparent reason. All other
replicates remained with the response pattern for the proportion
of males and females, so we chose to remove the data considered
outliers.

Outlier removal was based on the studentized residue
outside the + 1.5 range, using the boxplot tool of R software
(Schwertman et al., 2004). After such, the sample number
weren =10, n =9, n= 10 and n = 8 for T25, T28, T30 and
T33 treatments, respectively.

A contingency table was built to study the frequency of events
that naturally show expected distribution. The chi-square index was
used to measure the magnitude of deviations at 5% significance
(Sampaio, 2010).

RESULTS

Mortality

Mortality (%) was evaluated up to 15 DPH to identify the direct
effect of temperature on fish survival. At 45 DPH, mortality was
measured to check the residual effect derived from the thermal
treatment, as shown in the Table 1.

There was a statistical difference for mortality at 15 DPH
(»<0.001). Treatments T25, T28 and T30 had a lower mortality
rate than T33. For mortality at 45 DPH, corresponding to
the residual effect of the thermal treatments, no statistical
difference was detected (p = 0.08). Therefore, mortality was
similar across the four thermal treatments (T25, T28, T30 and
T33) at this stage.

Sex ratio

Table 2 describes the results for the sex ratio (%) obtained at
the end of the experiment according to the tested temperatures.

There was a statistical difference for the proportion of males
and females obtained at the end of the experiment (p = 0.037).
Treatment T33 had a significantly higher proportion of males
than T25, the latter of which did not differ from treatments
T28 and T30.

Table 3, below, shows the results referring to the chi-square
test (X?). The number of males and females was equal only for
the treatment T30, while in the treatments T25 and T28 had a
greater number of females and the treatment T33 high number
of males.
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Table 1. Average mortality values (%) as a function of different temperature levels at 15 and 45 DPH.

Thermal Treatments (°C)

Variable T25m=10) T28(m=9) T30 (m=10) T33m=8§ oM Pvalue
MORT (I5DPH)  17.7+4.88*  6.20+2.32*  1527+4.15  45.004530° 295  <0.001
MORT (45 DPH)  4.00:0.81 0.43£1.38 1.6320.1 4412062 049 0.8

MORT = mortality (%); 15 DPH = 15 days after hatching; 45 DAH = 45 days after hatching; T25 = 25°C; T28 = 28°C; T30 = 30°C; T33 = 33°C;
SEM = Standard Error of Mean. Means followed by the same letter do not differ from each other by the Tukey test at 5% significance

Table 2. Mean values of the males and females (%) as a function of different temperature levels, after 45 DPH.

Thermal Treatments (°C)

Sex T25(m=10) T28(m=9) T30(m=10) T3 (=8 M p-value
MALE (%) 43435673 45.74+420%  S1.144506%  67.21£8.14° 3349  0.037
FAMALE (%) 56.57+6.736  54.26:4.296"  48.86£5.06™  32.79+8.14° 3349  0.037

T25 =25°C; T28 = 28°C; T30 = 30°C; T33 = 33°C; SEM = Standard Error of Mean. Means on the same line followed by the same letter do not

differ from each other by the Tukey test at 5% significance

Table 3. Chi-square test (X?) for the number of males and females
obtained as a function of different temperatures, after 45 DPH.

Treatment n’ male n° female  X? calculated
T25 103 132 16.29
T28 101 115 11.9

T30 118 112 2.1

T33 82 40 23.1

* The value of Chi-square distribution for p = 0.05 and 1 degree of freedom (3.84).

DISCUSSION

Temperature is one of the main environmental parameters that
affect the aquatic environment, directly and indirectly influencing
other variables such as dissolved oxygen content, non-ionized
ammonia concentration, distribution of organisms, natural
productivity in water, reproduction, growth, and even sex ratio
in fish (Budd et al., 2015; Boyd and Tucker, 2012).

In the present study, fish larvae survival was directly influenced
by the proposed thermal regimes, with the lowest mortality rates
occurring in treatment T28 during the period of exposure. This
result corroborates literature data that demonstrate that the ideal
temperature for rearing adult Betta splendens is around 27.5°C
(Faria et al., 20006).

Based on the results, it can be stated that the ideal temperature
range for the larviculture phase is between 25 and 30°C. These
results are similar those reported by researchers that investigated
the ideal temperature for survival in other species with ornamental
purposes, e.g. goldfish, Carassius auratus (Kestemont, 1995);
angelfish, Pterophyllum scalare (Zuanon, et al., 2006); and the
guppy Poecilia reticulata (Dzikowski et al., 2001).

In addition, there was no significant difference in mortality
values between 15 and 45 DPH, which shows that the thermal
adaptation protocol of 1°C h™! to 28°C was effective, even in the
treatment in which there was greater thermal variation (33-28°C).

As regards the influence of temperature, there are several
factors that affect the sex ratio in fish, such genetic, epigenic and

environmental, as reviewed by Budd et al. (2015). Zhang et al.
(2021) find evidence that betta is a heterogametic specie (male
XY and female XX), which indicate the existence of genotype sex
determination (GSD) mechanism, even finding in less proportion
(~8,8%) males with homogametic female genotype between
the fish analyzed in their study. According with authors, this
may suggest also the influence of environmental factors in sex
determination in this specie.

In the present study was observed an increasing male number
in response to elevation of the temperature (43-67%), suggesting
that in betta, besides the GSD, also there is a thermal effect in sex
determination (GSD+TE). The GSD+TE mechanism it already
determined in a few fish species, including ornamental zebrafish
(Danio rerio) and kinguio (Carassius auratus), as in wide world
Nile tilapia (Oreochromis niloticus) (Ospina-Alvarez and Piferrer,
2008). According to the authors, in all previous species, there is
evidence of existence of sexual chromosomes (GSD) and previous
work showing that higher temperatures lead to high male: female
ratio (GSD+TE), as is observed in the present study with betta.

Even through that was not a complete sex reversion, which
is common in GSD+TE sex determination mechanism, others
genetic and molecular cues are well known to be evolved in
the mechanism (Budd et al., 2015), and they should be further
investigated in this specie.

In this study, the characteristics of sexual dimorphism could
be observed from 45 DPH onwards. With the rise in temperature,
the proportion of males increased, with just over 65% males
obtained in treatment T33. Furthermore, there was no presence
of external anatomical abnormalities that could be attributed to
the thermal treatments.

Researchers have obtained superior results in the masculinization
of Nile tilapia, O. niloticus, with the treatments of 32 and 34°C,
which led to 98 and 91% males, respectively (Zanoni et al.,
2013). For this species, reversal to male sex is essential in the
production aspect, as males have an accelerated development
in comparison to females (Reis et al., 2016). Comparatively,
sex reversal in B. splendens is also essential in the production
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aspect, and the differentiated morphological traits of males are
an important commercial factor for the species.

Experiments with the crucian carp, Carassius carassius,
demonstrated the effect on larvae exposed to two different
temperatures (24 and 30°C), which were obtained from a cross
between hormone-induced neomales and homogametic females.
The temperature of 30°C favored the appearance of male individuals
(21.7% males) as compared with the treatment using 24°C (0%
males) (Fujioka, 2002). A similar result was described with
goldfish, C. auratus (Goto-Kazeto et al., 2006), corroborating the
crucial role that temperature plays in sex ratio in fish, overlaying
primary genetic mechanisms.

Factors other than environmental and genetic can modulate the male
proportion in the progenies. There is evidence that parental factors
have a lesser effect on sex determination in fish, as demonstrated
by Baroiller et al. (2009). According to the authors, some animals
provide offspring that are more sensitive to heat treatment than
others, and this characteristic should be explored as a quantitative
trait in offspring. Although in the present study the separation of
each offspring of the couples was carried out in different containers
distributed in all heat treatments, a longer study with their progenies
will be necessary to ensure that the other animals can have greater
success in reverting with the heat treatment.

CONCLUSION

Based on the results obtained in this study, the temperature
range of 25 to 30°C provided satisfactory survival in B. splendens
larviculture. In addition, the temperature of 33°C during the 15 DPH
led to a ratio of up to 67% males at the end of the experiment.

Further studies are recommended considering the feasibility of
the technique, since, despite the higher market value of males,
the high mortality of animals observed in the treatment with a
higher proportion of males can be a risk factor for producers.
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