In;tm BOLETIM DO INSTITUTO D.E PESCA
* PESCA Scientific Article @

Samme——

Effect of stocking density on the growth and survival
of the ornamental fish Laetacara dorsigera

Brendow Matheus Koide Cascais! @, Tiago Viana da Costa'* ®, Noédson de Jesus Beltrdo Machado® @,
Jodo Pedro Cidade Almeida®! ®, Rai Vasconcelos Costa® ®, Jamilly Barroso Caldeira!

Universidade Federal do Amazonas ®® — Manaus (AM), Brazil.
*Corresponding author: tvianadacosta@ufam.edu.br

ABSTRACT

Laetacara dorsigera is a fish species that has excellent economic potential for ornamental fish farming. The present
study aimed to evaluate the effect of stocking density on its growth and survival in two experiments, with three
treatments and four replicates, lasting 45 days each. The first experiment used 0.25, 0.50 and 0.75 fish-L?, and the
second used the best density found in the first experiment and the densities of 0.30 and 0.40 fish.L'. The measured
zootechnical parameters were survival rate, mean total length and final weights, as well as relative and specific
growth, and weight gain rates. A difference was observed in the first experiment for the final length, relative and
specific growth rate and survival. In the second experiment, there was no difference for the densities tested. The
density of 0.50 fish-L* was the most viable, due to the greater final survival achieved and no significant difference
for the other parameters analyzed.
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Efeito da densidade de estocagem sobre o crescimento e a sobrevivéncia
do peixe ornamental Laetacara dorsigera

RESUMO

Laetacara dorsigera é uma espécie de peixe com grande potencial para a piscicultura ornamental. O presente
trabalho teve como objetivo avaliar o efeito da densidade de estocagem sobre o seu crescimento. Foram realizados
dois experimentos, com trés tratamentos e quatro repeti¢cdes, com duragio de 45 dias cada um, sendo o primeiro nas
densidadesde 0,25,0,50 e 0,75 peixes-L e o segundo com a melhor densidade encontrada no primeiro experimento,
acrescida das densidades de 0,30 e 0,40 peixes-L . Os seguintes parametros zootécnicos foram mensurados: taxa
de sobrevivéncia, comprimentos totais médios e pesos médios iniciais e finais, taxas do crescimento relativo e de
crescimento especifico e ganho de peso. Houve diferenca significativa no primeiro experimento para comprimento
final, taxa de crescimento relativo e especifico e sobrevivéncia. No segundo experimento nao foi verificada diferenga
significativa para as densidades testadas. A densidade de 0,50 peixes-L* se apresenta com maior viabilidade, tendo
em vista a maior sobrevivéncia final alcan¢ada e nao ter apresentado diferenca significativa quanto aos demais
parametros analisados.

Palavras-chave: Aquario; Peixe nativo; Aquicultura ornamental; Indices zootécnicos.
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Effect of stocking density on the growth and survivalof the ornamental fish Laetacara dorsigera

INTRODUCTION

There are two types of fish farming to produce fish for edible
and ornamental fish, this last one specializes in the pet’s production.
The ornamental fish commerce has been proven to grow worldwide,
because fish can have a wide variety of sizes, colors, and resistance
(Cardoso, 2011). In more recent years, the ornamental fish
commerce has grown significantly, with a consequent increase
in worldwide demand. It currently represents a billion-dollar
sector, and ornamental fish is one of the more popular hobbies
in the world, making it one of the most lucrative and important
activities in aquaculture (Raja et al., 2019; Teletchea, 2019).
According to Ribeiro et al. (2008), Brazil is well developed in
this sector and, despite being considered by many as a hobby, the
ornamental market could create jobs for needy populations, through
extractivism, as a relevant source of income for the rural and urban
population. Many riverside communities in the Amazon basin
rely on ornamental fish as a source of income, as well aquaculture
businesses are in other parts of Brazil (Hoshino et al., 2018;
Junk et al., 2007; Ladislau et al., 2021).

Animal production systems show a tendency to intensify
cultivation. Thus, the expansion of the productive sector of
ornamental fish and the consequent supply of domestic and
foreign markets depend on information related to the zootechnical
potential of each cultivated species (Gongalves Junior et al.,
2013). Therefore, studies on cultivating or raising native species
are a way to prevent overfishing and preserve the Amazonian
fauna, avoiding the imbalance and consequent disappearance of
native species.

One of the most explored families for ornamental fish farming
commonly found in rivers and lakes in the Amazon region is
the Cichlidae family, which consists of an ecologically diverse
group, with approximately 1,650 species in about 105 genera
in fresh and salt waters (Eschmeyer & Fong, 2013; Meijide &
Guerrero, 2000). Neotropical cichlids are generally described
as substrate guarders and monogamy with biparental care of the
offspring in the predominate substrate (Keenleyside, 1991).

According to Britski et al. (2007), Lanés et al. (2010),
Ottoni and Costa (2009), Ottoni et al. (2012), and Steinhduser
(2017), Laetacara dorsigera (Heckel, 1840) is a small (110 mm
length), omnivorous fish found in abundance in very degraded
streams. They are found in Brazil, in the Amazon and Uruguay
River basins and in the Parana River, as well as in Argentina,
Ecuador, Paraguay, Peru and Venezuela. It stands out for its six
lateral pre-operculum foramina and only two series of scales
on the cheek (Kullander, 1986; Teresa, 2007). After mating,
the main parental activities are ventilation and cleaning of the

offspring, alternated with territorial defense. The eggs adhere
to the nest; later, the larvae are kept on the substrate, and the
offspring are stationary (Teresa, 2007).

Stocking density is a parameter directly related to the growth
and survival of fish and fish larvae (Campagnolo & Nuiier, 2006;
Sahoo et al., 2010). Sahoo et al. (2010) also state that using
low stocking densities can cause underutilization of space, but
high-stocking densities can generate negative effects due to
competition for space (cause hierarchical social stress) and the
release of more nitrogen compounds by fish, deteriorating water
quality (Aragon-Flores et al., 2014). This condition affects food
competition and consumption, growth, therefore affecting the
fish’s quality of life and welfare (Ellis et al., 2012).

Thus, determining adequate levels of stocking density
during the early stages of fish development is the beginning of
a technological package necessary for rational and sustainable
breeding to include the species in the ornamental fish market.
According to Abe et al. (2019), determining the adequate
stocking density for each species and life stage is fundamental
to optimize productivity, without compromising animal welfare
and growth. This study aimed to analyze the stocking density of
L. dorsigera juvenile in captivity conditions.

MATERIALS AND METHODS

The experiments were conducted at the Aquaculture
Laboratory of the Institute of Social Sciences, Education and
Animal Science of the Universidade Federal do Amazonas
(UFAM). The fish were collected with the aid of a net on the
banks of the “Areal” lakes (2°39°33”S, 56°46°01.5”W) in the
municipality of Parintins, AM, Brazil (authorization 65482-4 of
the Instituto Chico Mendes de Conservacdo da Biodiversidade)
and transported alive. They were acclimated in the laboratory
for 15 days, in addition to being conditioned to consume inert
food (32% crude protein—CP) until they were satisfied. The
experiments were authorized by the Ethics Committee on the
Use of Animals of UFAM under number 004/2021.

Both experiments were conducted in a completely randomized
experimental design, with three treatments, four replicates and
duration of 45 days. In the first experiment, the densities of 0.25,
0.50 and 0.75 fish-L! were used. In the second, the best density
found in the first experiment was used, plus the densities of 0.30
and 0.40 fish-L", to verify the maximum possible increase in the
number of animals stocked.

For the experiments, aquariums with a 20-L capacity of
water were used, equipped with constant aeration. In the first
experiment, 124 juveniles of L. dorsigera (Fig. 1) were used
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Weight gain was calculated by Eq. 3:

(b)
WG = Final weight - Initial weight 3)
)
N T -— The data were submitted to analysis of variance using
-;””/ ’”l'll””' ”'ig”""”1\;”“”‘\1\2‘\\\\\\\\5\“\\\\\x SISVAR, with the criterion of 5% probability, and the means of

Figure 1. Laetacara dorsigera: (a) adult and (b) juvenile.

with the average total length of 14.79 + 0.30 mm. The second
experiment used 120 juveniles with the average total length
of 17.80 £ 0.30 mm. The animals were randomly distributed
between treatments.

During the experimental period, pH and temperature were
monitored every two days with the aid of a digital pHmeter, and
every four days dissolved oxygen, ammonia, and nitrite were
measured using colorimetric kits (Labcon).

Inert feeding, containing 32% CP, was provided daily
(once a day, 8 a.m.), based on an average of 20% live weight
for each treatment. The siphoning of the experimental units
was performed every two days, with 50% of the total water
volume changed.

To evaluate the growth curve and weight gain, biometrics of
all fish were performed every 15 days. We evaluated the survival
rates, total lengths (measured with a digital caliper between the
distance from the snout of the fish to the base of the caudal fin),
and weights (obtained on a digital scale with an accuracy of
0.001 mm), as well as relative growth rates, according to Eq. 1:

RGR = [final length/initial length]*100) - 100 1)

Specific growth rate was calculated by Eq. 2:

SGR =[In (final weight) — In (initial weight)] X 100/study time (2)

the groups were compared using the Tukey’s test.

RESULTS

In both experiments, temperature, dissolved oxygen,
ammonia, and pH remained according to the recommended
standards for cichlids regardless of the increased densities in
the treatments (Table 1). However, the nitrite values showed
differences (p < 0.05) in both experiments.

The fish achieved a positive relative growth rate throughout
the experimental period, resulting in a difference for this
parameter (p = 0.03) in the first experiment, as well as for the
final length and weight, RGR length, SGR weight and survival.
On the contrary, the initial length, initial weight, and weight
gain did not present differences between treatments (p > 0.05).
In the second experiment, no differences were observed for
the zootechnical parameters evaluated (p > 0.05) (Table 2).
The survival rate was different (p = 0.02) for the first experiment,
with the best survival obtained in the stocking density of
0.50 fish-L"!, although it did not differ significantly from the
highest density of fish (0.75 fish-L") (Table 2).

In the first experiment, the average length variation (mm)
was not accentuated in the first 15 days, as the fish were still in
a period of adaptation to the experimental conditions. However,
at the end of the 45 days, the fish presented better growth for
the densities tested (Fig. 2a). The second experiment (Fig. 2b)
had more linear and continuous length over the 45 days for all
treatments, demonstrating that, by decreasing the tested densities,
a greater balance in terms of gain and final length can occur.

Table 1. Means (+ standard deviation) water quality parameters for both experiments*.

. Densities Dissolved oxygen Temperature Ammonia Nitrite
Experiments pH

(fish-L) (ng-L") () (mg-L") (ng-L")

0.25 6.22 £0.27 28.08 £ 0.24 7.14+0.10 0.75+0.77 0.98 £0.07°

1 0.50 6.27 £0.32 28.04 £ 0.18 7.02+0.12 048 +0.16 1.54+0.25

0.75 6.33+0.23 28.06 £0.17 6.94+0.08 0.77+0.19 1.39 £0.15%

0.30 6.29 +0.29 28.29+0.19 7.14+£0.22 0.60 £ 0.05 1.03 £0.06°

2 0.40 6.21 £ 0.08 29.02 + 1.53 7.06 +0.03 0.45+0.08 1.65+0.26

0.50 6.43 £0.16 28.23 +£0.16 6.91+0.11 0.62+0.16 1.38 £ 0.24%®

*Different letters in the same column represent significant differences (p < 0.05).
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Table 2. Means (+ standard deviation) of the zootechnical indices obtained for juvenile Laetacara dorsigera submitted to different

stocking densities (fish-L1)*.

Experiment 1

L Experiment 2
Zootechinical indices

0.25 0.50 0.75 0.30 0.40 0.50
Initial length (mm)  14.71+031  14.86+034  14.81+0.31 17.98+£028  17.71+0.16  17.73%0.20
Final length (mm) 1870 £1.21°  17.50 £0.61®  17.01 £0.19° 1930£031  20.12+£043  19.08 £0.20
RGR length (%)  27.10+7.02¢ 17.86+6.53%  14.89+3.16° 7384452  13.69+622  7.64+ 1.6l
Initial weight (g) 0.15£0.01  0.14£0.00  0.15%0.00 0.25 + 0.04 0.25 % 0.04 0.15+0.01
Final weight (g) 028+0.06°  021+0.03®  0.18+0.02" 0.42 +0.01 0.39 +0.01 0.37+0.01
Weight gain (g) 0.13£0.05  0.07+0.03  0.03=0.02 0.17 % 0.02 0.14 % 0.08 0.11 = 0.02
SGR weight (%) 138+£0.06° 0.90+0.03"  0.41+0.02° 1.11 +0.02 1.04 +0.09 0.71 % 0.02
Survival (%) 60.00+0.1°  88.00+0.1°  79.99 + 0.09 37514016 71754026  77.50+0.19

*Values followed by different letters in the same line were significantly different (p < 0.05); RGR: relative growth rate; SGR: specific growth rate
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Figure 2. Average length variation at the different densities tested in experiments (a) 1 and (b) 2.

When analyzing Fig. 3, the densities of 0.25 and 0.30 fish.L!
showed more constant weight gains during the experimental
period. The densities of 0.50 and 0.40 fish-L!' showed a more
pronounced gain between days 15 and 30 of the experiment.
This difference in weight resulted in a significant difference
(»=0.03) for the final weight parameter (g) in the first experiment.

The higher weight gains observed for both experiments, in
the treatments with lower densities (Table 2; Fig. 3), can be
directly correlated with the lower survival rates observed
for them, since cichlids are known to be territorial and show
dominance behavior, in which the larger fish consume more food
and gain more weight over time. In the treatment containing
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Figure 3. Average weight gain obtained by juvenile Laetacara dorsigera in experiments (a) 1 and (b) 2.

Bol. Inst. Pesca, 2025, 51: e863 | https://doi.org/10.20950/1678-2305/bip.2024.51.e863

4/7


https://creativecommons.org/licenses/by/4.0/deed.en

Cascais BMK, Costa TV, Machado NJB, Almeida JPC, Costa RV, Caldeira JB

0.25 fish-L!, the smallest fish had a final weight of 0.20 g
(15.73 mm final length), while the largest fish had a final
weight of 0.36 g (24.06 mm final length), both from the same
repetition. The same can be observed in the treatment containing
0.30 fish-L', in which the smallest fish had a final weight of
0.37 g (15.92 mm final length), and the largest fish had a
final weight of 0.43 g (22.19 mm final length), also from the
same repetition.

DISCUSSION

Increased nitrite concentration in a production system may
be closely linked to increased stocking density and imbalances
in ammonia nitrification and denitrification processes
(Jensen, 2003; Nagata et al., 2010). Dos Santos (2013) mentioned
that nitrite and ammonia are not desirable for aquatic organisms,
as they are toxic, and their main sources are the oxidation of
ammonia in oxidizing environments and the reduction of nitrate
in reducing environments. Piedras et al. (2006) tested the acute
toxicity of nitrite in chameleon fingerling (Cichlasoma facetum)
in 20-L aquariums and found 45.63% mortality of individuals in
96 h at the concentration of 6.68 mg-L™! of nitrite. The maximum
concentrations found in these experiments were below the rates
reported by these authors, as well as those reported by Yanbo
et al. (2006). When testing the toxicity of nitrite in tilapia, these
authors observed that concentrations above 28.1 mg of NO,.L"!
could cause 50% mortality after 96 h of exposure. Nevertheless,
it can be concluded that this parameter did not significantly affect
fish growth throughout the experimental period.

The increased stocking density increases oxygen demand.
Therefore, its decrease the capacity for development and weight
gain. Nevertheless, in the present study, no difference was found in
dissolved oxygen that remained above the ideal range for tilapia,
which is greater than 4 mg-L"!, according to Kubitza (2011). Despite
their origin in the acid waters of the Amazon Basin, the currently
more exploited commercial varieties of L. dorsigera stand out
for their tolerance to a wide pH range (5.5 to 7.5), reproducing
naturally and with good development in these variations
(Teresa, 2007), which are values similar to those found here.

Gongalves Junior et al. (2013) and Ribeiro et al. (2008) stated
that the variables linked to length are more relevant than those
related to weight in evaluating the performance and commercial
value of ornamental fish. In both experiments, the fish obtained
a positive relative growth rate throughout the experimental
period, as well as for the final length, RGR%, and SGR weight
(Table 2). Similar effects were reported for Carassius auratus,
whose performance also worsened as the stocking density

increased (Soares et al., 2002). In the second experiment, no
significant difference was found, corroborating the results
reported by Da Silva et al. (2020) for Mesonauta festivus.

For the survival rate, according to Da Silva et al. (2020) and
Tachibana et al. (2008), larger space in the aquariums caused by
the lower density causes more conflicts between the fish, leading to
less uniformity in the batch due to the establishment of dominance
by some individuals. Therefore, the lower survival rate of
0.25 fish-L! density may be linked to these territorial disputes,
which can cause small injuries to the fish, preventing their feeding
and causing deaths, as also reported by Aragon-Flores et al. (2014)
for Cichlasoma beani. In production systems, a higher percentage
of survival is desired to obtain greater profits. Therefore, this
corroborates the possibility that the higher mortality for the first
treatment in the first experiment allowed a greater supply of food
to the fish and, consequently, greater weight gain.

According to Oliveira et al. (2022), ornamental fish farming
success is related to the production of a high number of fish in the
smallest space or volume possible. So, owing to the high mortality
rate in 0.30 fish-L! in the present study, size heterogeneity could
not be statistically compared to that in experiment 2, which did
not show significant differences between those treatments.

The result of final mean total weight, specific growth rate, and
survival in the second experiment were similar to those reported
by Nagata et al. (2010), who tested different density levels
(0.33, 0.67, and 1.00 fish-L") in Pterophyllum scalare and by
Zuanon et al. (2004) in juvenile Tricogaster at densities of 0.05,
0.10, and 0.15 fish.-L. In the work by Soares et al. (2002),
the increase in stocking density resulted in worse productive
performance for C. auratus.

CONCLUSION

Increasing the stocking density of L. dorsigera in both
experiments showed a positive correlation with size and weight
performance, without affecting the water quality parameters of
the culture. Among the densities evaluated, 0.50 fish-L-' showed
the highest survival during the experimental period, with
satisfactory growth rates and weight gain, and it is recommended
for rearing under similar conditions.
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