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FEEDING FREQUENCY IN PACAMA LARVICULTURE'

JOSE CLAUDIO EPAMINONDAS DOS SANTOS?, MARCELO MATTOS PEDREIRA’, RONALD KENNEDY LUZ**

ABSTRACT - The feeding frequencies on pacama Lophiosilurus alexandri larviculture were evaluated. In the
first phase, 10 days of active feeding, larvae with nine days post hatching (13.5 + 0.7 mm) were stocked at
density of 10 larvae L™ in 5-L tanks each. The experimental treatments were: F2T (feeding 8h00 and 17h00);
F2M (feeding 8h00 and 12h30); F3 (feeding 8h00, 12h30 and 17h00); and F4 (feeding 8h00, 11h00, 14h00 and
17h00). During this phase Artemia nauplii were used as food. In the second phase, during 15 days, juveniles
were restocked in 20-L tanks at density of 2.2 juveniles L™, and kept the same feeding frequencies of the first
phase. Commercial dry diet containing 40% crude protein was used as food. No effect of feeding frequency on
growth and survival, during both phases, was observed. However, survival decreases from the first to the
second phase, showing the importance of the type of food. During the L. alexandri larviculture should be
recommended twice a day feeding frequency.

Keywords: Artemia. Commercial diet. Lophiosilurus alexandri. Feeding management. Carnivorous fish.
FREQUENCIA ALIMENTAR NA LARVICULTURA DE PACAMA

RESUMO - Objetivou-se avaliar diferentes frequéncias alimentares na larvicultura de pacama Lophiosilurus
alexandri. Na primeira fase, com durag@o de 10 dias, larvas com nove dias pds-eclosdo (13,5 + 0,7 mm) foram
estocadas na densidade de 10 larvas L' em tanques com 5 L cada. Os tratamentos experimentais foram: F2T
(alimentacdo as 8h00 e 17h00); F2M (alimentacdo as 8h00 e 12h30); F3 (alimentagdo as 8h00, 12h30 e 17h00);
e F4 (alimentag@o as 8h00, 11h00, 14h00 e 17h00). Durante esta fase foram utilizados nauplios de Artemia
como alimento. Na segunda fase, com durago de 15 dias, os juvenis foram estocados em tanques com 20 L na
densidade de 2,2 juvenis L', sendo mantidas as mesmas frequéncias alimentares da primeira fase. A
alimentagdo consistiu no fornecimento de ragdo comercial contendo 40% de proteina bruta. Durante as duas
fases, as diferentes frequéncias alimentares ndo afetaram o desempenho e sobrevivéncia. No entanto, a
sobrevivéncia diminui da primeira para a segunda fase, mostrando a importancia do tipo de alimento. Durante a
larvicultura do pacama pode ser recomendada a frequéncia alimentar de duas vezes ao dia.

Palavras-chave: Artemia. Lophiosilurus alexandri. Manejo alimentar. Peixe carnivoro. Ra¢ao comercial.
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INTRODUCTION

The "pacamad", Lophiosilurus alexandri, is a
fish of the Pseudopimelodidae (Siluriformes) family,
native to the Sao Francisco River (SHIBATA, 2003).
This species presents flesh with no intramuscular
bones, a nice taste, and a fillet yield higher than
40%. It is a fish with carnivorous feeding habits and
multiple spawning (COSTA et al., 2015).

Due to these features, studies related to the
reproduction under controlled conditions (COSTA et
al., 2015), gametogenesis (BARROS et al., 2007),
early larvae development (GUIMARAES-CRUZ et
al., 2009), tolerance of larvae to different water
salinities (LUZ; SANTOS, 2008a; SANTOS; LUZ,
2009), as well as larviculture using different prey
concentrations (SANTOS; CORREIA, LUZ, 2015),
lighting conditions (TENORIO et al, 2006),
stocking density (LOPEZ; SAMPAIO, 2000; LUZ;
SANTOS, 2008b; CORDEIRO et al, 2016),
larviculture feeding (PEDREIRA et al, 2008;
SANTOS; LUZ, 2009), substrates in the biological
filter (PEDREIRA et al., 2009), water temperature
(TAKATA et al, 2014), use of anaesthetic
(RIBEIRO et al., 2015), and juvenile feeding
conditioning at different water salinities (SALARO
et al., 2015) have been undertaken to expand
knowledge of the cultivation conditions of this
species. Nevertheless, studies on the best feeding
frequency to be adopted during larviculture have
never been done.According to Luz and Portella
(2005), the controlled use of different feeding
frequencies, such as with Artemia nauplii, deserves
attention as it has been little studied in neotropical
fish larviculture. It is also important due to the short
lifespan of Artemia in freshwater (JOMORI; LUZ;
PORTELLA, 2012). Since the appropriate
management can lead to better use of labour, an item
that contributes significantly to the cost of juvenile
fish production (JOMORI et al., 2005), feeding
frequency should be well assessed to optimise the
laboratory tasks (LUZ; PORTELLA, 2005) and to
improve the growth and survival of the animals
(RABE; BROWN, 2000; CARNEIRO; MIKOS,
2005; LUZ; PORTELLA, 2005; CANTON et al,
2007). Furthermore, the ideal feeding frequency may
increase the opportunity of consumption, reduce
aggressive behaviour, and reduce the variation in
population size (WANG, HAYAWARD; NOLTIE,
1998).

The aim of this study was to investigate the
influence of different feeding frequencies during
pacama larviculture.

MATERIAL AND METHODS

conducted at the
Fishing Resources and

The experiment was
Integrated Centre for

Aquaculture of Trés Marias-Codevasf, Minas Gerais,
Brazil and was divided into two phases.

In the first experimental phase, which lasted
10 days of active feeding, pacama larvae at nine days
post-hatch (13.5 + 0.7 mm and 22.7 + 1.2 mg) were
stocked at a density of 10 larvae L™ in 16 fully white
circular tanks with a useful volume of 5 L each. The
photoperiod was kept at 10 hours of light. Dissolved
oxygen (measured with a Horiba UlO device)
remained above 5.0 mg L through the use of
additional aeration. The water temperature at 9:00
and 17:00 was 26.2 + 0.7 and 26.5 £+ 0.5°C,
respectively.

The treatments consisted of four feeding
frequencies (Table 1) with four replicates per
frequency using a completely randomised design.
For feeding, Artemia cysts were hatched daily in
water with a salinity of 30 g of salt L”'. Immediately
after hatching, the nauplii were separated from the
remaining cysts and concentrated in water with a
salinity of 10 g of salt L™, for quantification and then
distribution to the animals. The daily concentration
of Artemia nauplii was 1,300 and 1,950 larva! from
the first to the fifth day and from the sixth to the
tenth day of active feeding, respectively. For the
different treatments, the same amounts of prey,
divided according to the feeding frequency, were
distributed. The rearing system was static. However,
in order to maintain water quality, 50% of the
volume of water from each tank was siphoned daily
to remove food remnants and faeces (Table 1), and
was replaced immediately with water of the same
temperature.

For the second phase, which lasted 15 days,
pacama juveniles with the same treatment (feeding
frequency) were grouped and redistributed into 12
fully white rectangular tanks with a useful volume of
20 L, in three replicates per treatment. Each tank
received 44 animals (2.2 juveniles L™). During this
phase, the juveniles received, directly, commercial
extruded food at the same feeding frequencies as the
first experimental phase. The diet (1.7 mm diameter,
40% crude protein, 10% moisture, 4% ether extract,
15% mineral matter, 6% crude fibre, 5% calcium,
and 1.5% phosphorus) was ground and sieved (0.5
mm diameter) to be distributed to the animals at will.

The photoperiod and dissolved oxygen
conditions were similar to the first phase. The water
temperature at 9:00 and 17:00 was 26.0 = 0.6 and
26.0 £ 0.7 °C, respectively. As in the first phase, the
breeding system was static. However, in order to
maintain water quality, the tanks were cleaned before
each meal (total daily volume of 50% of the tank
volume) and food remnants and faeces were
removed (Table 1). The volume removed at each
cleaning was immediately replaced with water at the
same temperature as the tank. At the time of each
cleaning, dead animals were counted and removed to
prevent cannibalism.
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Table 1. Treatments during the first experimental phase, 10-day active feeding of pacama *.

Treatments

7:00 8h:00 11:00

Time of day

12:30 14:00 16:30 17:00

F2T
F2M
F3
F4

F

[oNONONe!
esliey e s Mes|

F

!

F

oNoNONe!

F
F

C - cleaning.
F - feeding.

* In phase two (exclusive use of commercial food) with same feeding frequencies were used. However, tank cleaning was

performed before each feeding at different frequencies.

At the end of each experimental phase,
survival rate was determined for comparison
between the treatments. To monitor the growth of
the animals during the two experimental phases,
animals were collected after every five days of
active feeding to record the total length, measured
with a digital Starrett calliper (0.0lmm accuracy),
and wet weight, using precision analytic scales
(Mars, AY220 model - 0.0001 g).

For each replicate, the specific growth rate
(SGR) was calculated using the expression:

SGR =100 x (In Wf—In Wi)t,

Where Wf is the final weight and Wi is the
initial weight and considering the time interval
t (days) between samplings.

For statistical analysis, data were submitted to
a normality test (Cramer-von Mises) and variance
homoscedasticity test (Levene). The percentage data
underwent arcsine transformation for analysis.
However, only the actual data is presented here.
Data from both phases were submitted to ANOVA
and the means were compared by Tukey’s test at 5%
probability.

RESULTS AND DISCUSSION

During the first experimental phase, it is
worth noting the high survival rates (above 89%)
after 10 days of active feeding. Furthermore, the

animals exceeded 25 mm in length, a size commonly
used for restocking. In addition, the different feeding
frequencies did not affect survival, weight, or height
(Table 2). A similar result was found for other
carnivorous species, such as Hoplias lacerdae (LUZ;
PORTELLA, 2005), which also presents benthic
behaviour, similar to L. alexandri. According to the
authors, this species can also be fed twice daily for
the first 15 days of active feeding with Artemia
nauplii in freshwater. For Rhinelepis aspera, another
benthic species but with detritivorous habits, a
feeding frequency of two and four times a day using
Artemia nauplii, provided similar weight and
survival but longer length for animals fed twice a
day for the first seven days of active feeding when
kept in water of different salinities (LUZ, SANTOS,
2010). Thus, despite the short lifespan of Artemia
nauplii in freshwater (JOMORI; LUZ; PORTELLA,
2012), this fact does not appear to be a limiting
factor for these species that received only two
feedings per day. However, for Pleuronectes
ferrugineus, a marine species, a feeding frequency of
once a day showed lower growth (RABE; BROWN,
2000) whereas for Gobio gobio larvae, a frequency
of four times a day provides greater growth
(KESTEMONT; AWAISS, 1989). Thus, the
importance of studies investigating the best feeding
frequency to be adopted during fish larviculture is
clear, and also, that the results may depend on the
species studied.

Table 2. Mean values (+ standard deviation) of pacama survival, weight, and length during the first experimental phase.

Treatments
F2M F2T F3 F4
Final survival rate (%) ™ 90.4+53 93.6+1.7 90.4+7.2 89.9+6.1
Weight (mg) 5 days ™ 46.8+7.3 545+7.1 493 +4.6 56.5+9.8
Weight (mg) 10 days ™ 140.8 +8.8 149.5+3.8 151.4+29.7 162.5+12.0
Total length (mm) 5 days ™ 17.9+0.7 182+0.7 183+0.4 19.0+1.0
Total length (mm) 10 days ™ 25.6+0.5 259+0.7 250+1.2 26.1+0.7

" not significant by ANOVA test.

F2M (feeding at 8:00 and 12:30), F2T (feeding at 8:00 and 17:00), F3 (feeding at 8:00, 12:30, and 17:00), and F4 (feeding

at 8:00, 11:00, 14:00, and 17:00).

During the second experimental phase, when
live food was replaced by commercial food, no
effects for the different feeding frequencies with
regard to survival, length, and weight were observed
(Table 3). These results are similar to those found

during the first experimental phase, where a feeding
rate of twice a day, regardless of times, can be used
for this species. In a study conducted by Souza et al.
(2014) with the same species, where food condition-
ing started with a semi-moist diet (ox heart +
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commercial food mixture until the exclusive supply
of commercial food), the feeding frequencies of 3
and 4 times per day also showed no differences in
survival (from 57 to 67%) and performance of
pacama juveniles.

However, as discussed in the first phase of the
experiment, the best feeding frequency for juveniles
fed with commercial diets varies from species to
species. The performance of Rhamdia quelen
juveniles with an average weight of 1.88 g fed at a
frequency of one to four times a day was not affected
(CARNEIRO; MIKOS, 2005) while for juveniles of
Rhamdia quelen weighing 7.47g, the weight gain

and specific growth rate increased with an increase
in feeding frequency, and the authors recommended
at least 2 daily feeds (CANTON et al., 2007). For
Takifugu rubripes, the recommended feeding
frequency also varies according to the size of the
animals (KIKUCHI et al., 2006). For Plecoglossus
altivellis, a frequency of four times a day provides
greatest growth (CHO et al., 2003), and three times a
day was considered ideal for breeding a hybrid
"sunfish" (WANG, HAYAWARD ; NOLTIE, 1998).
These results reinforce the importance of feeding
frequency management and should be assessed
during the different rearing stages.

Table 3. Mean values (+ standard deviation) of survival, mortality, weight, and total length of pacama after the replacement
of live food by a dry diet (from 11 to 25 days of active feeding - second experimental phase).

Treatments
F2M F2T F3 F4
Survival (%) ™ 47.7£15.6 49.5+12.7 46.8+12.1 62.1+2.7
Weight (mg) 15 days ™ 161.5419.3 173.8428.1 179.5+8.4 213.345.3
Weight (mg) 20 days™ 181.1£12.1 188.0+37.7 215.8+19.8 229.1434.5
Weight (mg) 25 days ™ 213.6+40.7 239.1429.6 232.9+10.6 276.942.5
Total length (mm) 15 days ™ 25.041.2 25.4+0.6 26.140.3 26.3+0.4
Total length (mm) 20 days ™ 27.9+1.2 27.9+0.6 28.0+0.4 28.9+1.5
Total length (mm) 25 days ™ 28.540.8 29.0+1.0 28.6+£0.4 29.040.3

" not significant by ANOVA test.

F2M (feeding at 8:00 and 12:30), F2T (feeding at 8:00 and 17:00); F3 (feeding at 8:00, 12:30 and 17:00), and F4 (feeding at

8:00, 11:00, 14:00, and 17:00).

Despite the fact that survival was not
affected, it is evident survival was lower at the end
of the second phase, compared to the end of the first
phase, indicating the importance of the type of food
supplied during larviculture. A similar result was
observed for H. lacerdae (LUZ et al., 2002) during a
study in which the authors removed the animals
from the nurseries where they had natural food and
moved them to the laboratory where commercial
food was offered. After 16 days, a 27.5% survival
rate was achieved, well below the one in this study.
The death of animals, according to the authors, was
attributed to rejection of the diet. However, this
same study, using the technique of feed conditioning
by replacing food ingredients (ox heart +
commercial food), resulted in a 96.6% survival rate.
Therefore, alternative forms of feeding, including
inert food, should be evaluated during L. alexandri
larviculture.

Figure 1 shows the start of mortality two days
after commencing the distribution of inert food, and
there is a tendency of mortality stabilization from the
twenty-first day of active feeding (11 days of
exclusive feeding with commercial food). Some of

the dead animals had no tail, indicating cannibalism,
which is common during the phase when food is
changed (IMOROU TOKO; FIOGBE;
KESTEMONT, 2008; LUZ; PORTELLA, 2015).

The SGR was not influenced by the different
treatments during the two experimental phases
(Figure 2). During the larviculture of H. lacerdae
(LUZ; PORTELLA, 2005) and R. aspera (LUZ;
SANTOS, 2010), different feeding frequencies
presented no differences in SGR when Artemia was
distributed. However, when the exclusive supply of
commercial formulated diet was started (between the
11th and the 15th days of active feeding), a drastic
reduction in SGR occurred, only showing recovery
after 20 days of active feeding (10 days after the
change of food). This SGR recovery shows the
acceptance of the commercial diet. The decrease in
SGR with the substitution of live food for inert food,
using feed conditioning, as well as a recovery after a
few days of receiving an inert diet were also
recorded for H. lacerdae (LUZ; PORTELLA, 2015),
which may be attributed to a period of adaptation to
the new diet (DURAY; BAGARINAO, 1984).
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Figure 1. Cumulative mortality of pacama juveniles during the second experimental phase (11 to 25 days of active feeding)

under different feeding frequencies.
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Figure 2. The specific growth rate (SGR) of pacama subject to different feeding frequencies during the first experimental
phase with the use of Artemia nauplii (first 10 days of active feeding) and the second experimental phase using commercial

formulated diet (from 11 to 25 days of active feeding).
CONCLUSIONS

Lophiosilurus alexandri larvae can be reared
using a feeding frequency of twice a day when either
live food or a commercial formulated diet is used.
However, alternative practices during the transition
from live food to formulated food should be studied
for this species, to seek higher survival rates during
this phase.
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