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PARASITOLOGY

Feeding frequency on the production viability of production
and quantitative descriptors of parasitism in angelfish

Frequéncia alimentar na viabilidade de producio e na
descricio quantitativa de parasitas em acara bandeira

Rodrigo Yudi Fujimoto' Rudd Fernandes Brandio Santos” Henrique Malta Dias™
Fabricio Menezes Ramos™ Derlan José Ferreira Silva™ Claucia Aparecida Honorato'

ABSTRACT

Angelfish (Pterophyllum scalare) is a very important
species in Brazil’s domestic market, however feeding managements
differ from fish breeders to aquarists, so the cost of feed and labor
become relevant items when cultivating the species. The objective of
this research was to assess feeding frequency and feed deprivation
based on growth performance, parasite infestation and cost-
benefit in farming this species. The experiment was conducted in
a completely randomized design in a 3x2 factorial scheme with 3
daily feeding levels, 4 meals, 2 meals and 1 meal; with and without
feed deprivation and two repetitions. Feed deprivation consisted
of offering feed 5 days a week only. Feeding twice a day without
deprivation and four times a day with or without feed deprivation
resulted in higher growth performance than feeding once a day.
Monogenean and nematode parasitic loads were not influenced by
feeding management. The cost-benefit analysis enabled us to observe
that the treatment with the best benefit was the one involving two
feedings a day with no deprivation. Thus, considering the parameters
mentioned above, we concluded that the two daily feedings with no
feed deprivation is the most adequate for farming this specie.

Key words: Pterophyllum Scalare, feed management, ornamental fish.
RESUMO

O acara bandeira (Pterophyllum scalare) é uma
espécie muito importante no mercado interno do Brasil, no entanto
o manejo alimentar difere entre os criadores de peixes para os
aquaristas, levando em consideragdo o custo da alimentagdo
e mdo de obra. O objetivo deste trabalho foi avaliar o efeito da
frequéncia de alimentagdo no desempenho na infestagdo do
parasita e custo-beneficio em acard bandeira de cultivo. O ensaio
foi conduzido em um delineamento inteiramente casualizado em
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um esquema fatorial 3x2, sendo niveis de alimentagdo diarios (4,
2 e 1 refeig¢oes) e 2 manejos (com e sem privagdo de alimentagdo),
cada tratamento com duas repeti¢des. Alimentagdo duas vezes por
dia sem privagdo e quatro vezes por dia, com ou sem alimentag¢do
resultou no desempenho de crescimento, cargas parasitarias de
monogeneas e nematoides ndo foram influenciados pelo manejo
alimentar. A andlise de custo-beneficio nos permitiu observar que
o tratamento envolvendo duas refei¢ées por dia com nenhuma
privagdao foi melhor. Conclui-se que o tratamento com duas
refei¢oes didrias sem privagdo alimentar é a mais adequada para
o cultivo dessa espécie.

Palavras-chave: Pterophyllum scalare, manejo alimentar,
peixes ornamentais.

INTRODUCTION

The ornamental fish trade is considered one
of the most lucrative sectors in fish farming in Brazil
(RIBEIRO et al., 2009). Angelfish Pterophyllum
scalare (Lichtenstein) is a cichlid in great demand due
to its beauty, reproductive capacity and adaptability
to captivity; in consequence, the economic potential
of the species is also high (CHAPMAN et al., 1997).

In intensive systems, ornamental fish
farming is characterized by the use of aquaria and
water recirculation systems (RIBEIRO et al., 2009).
In such systems, extruded feed provides better growth
performance (RODRIGUES & FERNANDES, 2006),
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the ideal level of protein falling between 32 and 47%
crude protein (ZUANON et al., 2006) and the level of
gross energy between 3100 and 3300kcal of digestible
energy kg! of feed (ZUANON et al., 2009).

Determining the feeding management
is important because it allows the producer to know
the quantity of food to be offered to animals in
culture, improving the productive results (ARIES &
MIKOS, 2005; RIBEIRO, 2008). Furthermore, feed
deprivation management also stimulates compensatory
growth, physiological process in which the organism
accelerates growth following the period of restricted
development to reach the weight of animals that did
not suffer deprivation (HORNICK et al., 2000).

In recent years, the culture of ornamental
fish in Brazil has shown rapid development, but
there is still little information about the parasites
that may compromise their production (PIAZZA et
al., 2006). TAVARES-DIAS et al. (2009) reports the
Monogenea among the most common helminthes
parasites in ornamental farmed fish, (PIAZZA et al.,
20006) related to the pathogenicity of these parasites
and to mechanical damage produced in the gills and
skin of the host (GARCIA et al., 2003; PIAZZA et
al., 2006). In discus-flags, the nematodes found most

often are the genus Capillaria sp., that when in large
numbers, can cause apathy, intestinal obstruction,
chronic fasting and death (FUJIMOTO et al., 2006).

The objective of this study was to assess
feeding frequency and deprivation based on growth
performance, parasite infestation and cost-benefit in
angelfish farming.

MATERIAL AND METHODS

The aquaria were provided with artificial
aeration as well as biological and mechanical
filtration. The experimental units were kept in an
environment with natural temperature and lighting
(12h light, 12h dark). To measure the pH and the
temperature was used YSI 60, dissolved oxygen was
measured with YSI 550A. These parameters were
monitored daily. The ammonia was monitored once
a week with Hanna HI 93715 equipment. Water
was changed twice a week by siphoning in order to
remove feces from aquaria floors.

The experiment was performed in a
completely randomized design in a 3x2 factorial
scheme consisting of 3 daily feeding levels, 4
meals, 2 meals and 1 meal, and two feed deprivation
managements and two repetitions (Table 1). Feeding

Table 1 - Growth performance rates for angelfish submitted to feed with one, two or four daily feeds with or without food restriction two

days a week.
Parameters Feed Deprivation 4 meals day’ 2 Meals day™ 1 meal day™
Biomass (2) without 36.2 £2.7 Aa 36.8£1.8 Aa 26 £0.3 Ab
& with 39.540.8 Aa 30.842.0 Bb 22.840.4 Ac
R 4 without 0.8 £0.06 Aa 0.8 £0.04 Aa 0.5 +£0.007 Ab
Density (g L) .
with 0.8 £0.01 Aa 0.6 £0.04 Bb 0.5 +0.01 Ac
Final weight (¢) without 4.0+0.3 Aa 4.0+0.2 Aa 2.8 £0.03Ab
weight (s with 4.140.09 Aa 3.4+0.2 Bb 2.5+0.05 B
Weight gain (2) without 1.9+0.3 Aa 1.6 0.1 Aa 0.5 +0.09 Ab
1 1mn
clent gam e with 15409 Aa 0.9 40.5 Bb 0.09 £0.05 Ac
without 0.8 £0.10 Aa 0.8 £0.06 Aa 0.3+0.07 Ab
SGR (% day’!
(% day™) with 0.9 £0.01 Aa 0.5 £0.06 Bb 0.06 £0.03 Bc
FER without 2.3+0.04 Aa 1.7+£0.4 Aa 2.4+0.01Aa
with 2.1 +0.20 Aa 1.4 £0.22 Aa 10.2 +£0.10 Bb
KN without 1.00 £0.07Aa 0.94 £0.11 Aa 1.06 £0.11 Aa
with 1.00 £0.08 Aa 1.00 £0.09 Aa 0.92 £0.15 Ba

Means in columns followed by same capital letters and means in lines followed by lowercase letters not presents differences by Tukey test
(P>0.05). SGR: specific growth ratio; FER: feed efficiency ratio; KN: relative condition factor.
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times determined for each treatment were, for one
feeding, at 8am; 2feedings, 8am and 6pm; and for 4
feedings, at 8am, 11am, 3pm and 6pm. The feed used
in this research was provided by the Poytara animal
feeding factory and possessed the following chemical
composition: humidity (max) 10%; fibrous matter
(max) 4%; mineral matter (max) 9%; calcium (max)
2%; phosphorus (min) 1%; crude protein (min) 35%;
and ethereal extract (min) 3.5%.

Experimental design of this experiment: 1
daily feeding without food restriction, 2 daily feeding
without food restriction, 4 daily feeding without food
restriction, 1 daily feeding with food restriction (two
days), 2 daily feeding with food restriction (two days),
4 daily feeding with food restriction (two days).

In order to assess the performance of the
animals at the end of the experimental period it was
performed biometrics measuring with the following
variables: weight (g); standard length (cm); biomass
(g); final stocking density (g L7'); weight gain
(WG, in g); feed consumption (g); individual feed
consumption per meal, calculated by dividing the
fish’s feed intake in each replicate by the quantity
of meals; feed efficiency ratio (FER); and specific
growth rate (SGR, in %). It was also calculated the
survival rate (%) and the relative condition factor
(Kn) (LIMA-JUNIOR et al., 2002).

Was realized a production cost analysis
estimated in the best two treatments. Due to the
similarity in costs such as electricity, infrastructure
and consumable goods (sieves, buckets, nets, etc.)
they were not part of the assessment. Only filter
and aquaria costs were considered. Two feed prices
were considered (U$$ 25 and U$$ 50 kg, average
market prices for this type of feed). Labor was
calculated taking into consideration feeding times of
30s per meal. The minimum wage considered was
US$243.24 plus 40% for labor rights and overtime.
The selling price considered for angelfish specimens
was US$1.03 for small fish and US$2.02 for medium-
sized fish. The commercial classification considered
was the one adopted in Brazil, according to which
small fishes measure between 3.5 and 4.5cm, medium-
sized fishes measure between 4.5 and 6.5cm and large
fishes measure 6.5 to 8cm (RIBEIRO, 2008). With
this data we calculated the cost-benefit ratio (CBR)
using the equation CBR = Costs / revenues generated.

The end of the experiment 33% of the
fish from each treatment were sacrificed by cerebral
concussion. In order to collect the monogeans the
gills were removed, the arches were separated, fixed,
and were counted. For nematodes, we analyzed the
digestive tract and performed the count (EIRAS et al.

2006) and identification according to thatcher (2006).
Parasitological indices were calculated according to
Bush et al. (1997).

All data were submitted to the Shapiro-
Wilk normality test. Once normal distribution was
ascertained, the data was submitted to analysis of
variance (one-way or two-way ANOVA, P=0.01) and
since F was significant, we performed Tukey’s test
(P<0.05) to compare the means.

RESULTS AND DISCUSSION

Dissolved oxygen, temperature, pH and
ammonia values did now show significant difference
(P>0.05), remaining within the values recommended
for this fish species (URBINATI & GONCALVES,
2005). There was no mortality during the trial period.
Productive performance was positively affected by
food frequency. The food deprivation had no significant
effect in treatments with four daily feeds (Table 2).

Management of four-meals-a-day caused
increase in total feed consumption. However, the
opposite was observed regarding the individual
feed consumption per meal parameter (Figure 1B),
indicating hyperphagia in treatments where food
frequency was lowest.

SANTOS et al. (2010) did not observe any
changes in the consumption of fish feed Colossoma
macrompomum or not subjected to food deprivation
diets evaluated with different protein levels.
FOURNIER etal. (2003) characterized as hyperphagia
the nutritional mechanism used by fish to compensate
the nutritional deficiency of a particular diet. DE LA
HIGUERA (2001) observed this behavior in trout
receiving in their diets insufficient doses of zinc. In
the present study the treatments with less dietary
caused this increase in feed consumption to mitigate
the effects of reduced intake of food.

In the one-meal-a-day treatment, food
deprivation negatively influenced the final weight,
weight gain, SGR and FER, as well as condition
factor rates DWYER et al. (2002) evaluated one, two
and four meals per day and two meals every other
day and found that there was a decrease in weight
gain with decreased food frequency. CARNEIRO &
MIKOS (2005) evaluated the food frequency in a
South American catfish, R. quelen, which was fed
only once a day and did not show any worsening of
the growth performance due to higher feed storage
capacity in the stomach for a prolonged period.

The value of the condition factor
(Kr=6.1£12:11) obtained in the present study is within
the recommended for this species (TAVARES-DIAS
et al., 2008). The same result is the weight/length

Ciéncia Rural, v.46, n.2, fev, 2016.
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Table 2 - Prevalence and mean intensity of Sciadicleithrum phithimum in gills and Capillaria sp. of in angelfish fed with one, two or four
daily feeds with or without food restriction two days a week.

Prevalence (%)

Gills Stomach Anterior intestine Medium intestine  Posterior intestine
4 meals day’! 91.6 £16.6 66.6 =57 91.7 £16.6 83.3£10.6 41.6 £16.6
2 meals day’ 100 £0 8.3 £16.6 66.6 £27.2 66.6 +4.5 50 +43
1 meal day™ 75 +31.9 39.5+18.4 58.3+£70 38.7+7.6 25+31.9
With out food deprivation 94.4 +£13.6 37.5439.3 83.3 18 64.7+3.9 44.4+ 40
Food deprivation 83.3£27.8 38.8 +40.8 61.1 443 61.149.6 33.3421

Mean intensity:

Gills Stomach Anterior intestine Medium intestine Posterior intestine
4 meals day'l 11.9+14 A 22+19A 8.3£10.6 A 54254 A 2.1+ A
2 meals day’’ 54432A 0.75+1.5A 82+45A 15.3+11.6 A 1.8+1.6 A
1 meal day'l 14.75+13 A 9.3£10.6 A 9.8 £7.63 A 7.6+10.5 A 41+3.6 A
With out food deprivation 11.5+13a 26+2.6a 7.14£39a 9.08 +8.8 a 2.5+2.8a
Food deprivation 99+9.6a 55+9.6a 104+9.6a 9.5+109a 29+436a

is used to determine the overall condition of fish,
both in the wild and in captivity (BRAGA, 1997),
sound (TAVARES-DIAS et al., 2000) or infected
(TAVARES-DIAS et al., 1999). Fish in good health
condition with adequate weight / length is generally
of isometric type (CHAVES, 1998).

In two-meals-a-day treatment with feed
deprivation, there was a reduction in growth performance.
SOARES et al. (2007), submitted Cichla sp. to feed
deprivation for 2 and 1 days a week for 30 days. They
identified that the control treatment, which was not
subjected to food deprivation showed the best results.

Figure 1 - A. Media feed intake (g) per fish day 60; B. Individual feed consumption (percentage of body weight meal ™).

Ciéncia Rural, v.46, n.2, fev, 2016.
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The growth performance values of fish in
4-meals-a-day treatment with or without feed deprivation
is the same as for fish which receive two meals a day with
weekly deprivation (Table 2). KASIRI (2011) didn’t
observe significant difference either in the performance
of angelfish with initial weight of 0.87g receiving four
or two meals a day. These results demonstrate similar
results for the two weight ranges used in both studies.
These results also show that the treatments that received
two daily meals had the same performance as those who
received four meals a day indicating that power excess
can diminish food efficiency.

The 4-meals-a-day treatment with feed
deprivation compared to four meals a day with no
deprivation showed no difference in feed efficiency
ratio value. These results indicate that there was a
compensatory weight gain in fish subjected to this
treatment than those who were not exposed to starvation.
This is in agreement with BARAKAT et al. (2011),
who affirmed that shorter food deprivation periods are
more adequate than longer periods due to the intense
metabolism and quick growth rate of tropical fish.

Regarding the fish’s parasite fauna, the
differences were observed in the prevalence and mean
intensity in the gills, stomach and intestine (anterior,
posterior and fear), table 3. Of the 941 parasites
collected, Sciadicleithrum phithimum monogeneans
found were parasitizing the gills and the Capillaria sp.
nematodes were parasitizing the digestive tract. For
monogeans, similar prevalence and mean intensity
values were reported in wild and naturally infected
angelfish, with 92% of prevalence and mean intensity
of 12.2+4.2 (TAVARES-DIAS, 2009).

Table 3 - Cost-benefit for treatments with 2 meals a day without
feed deprivation and 4 meals a day with feed

deprivation.
Strategy:
2 meals.day™ 4 meals.day™
Fishes harvest (%)

Small 2222 11.11
Medium 77.78 88.89
Revenues generates US$ 16.48 19.05
diet consumption (g) 63.66 84.53
————————————————————— Diet and employes costs (US$)-------------------
US$ 11.26 10.80 12.16
US$ 22.52 11.52 13.11
Cost-benefitratio

US$ 11.26 0.605 0.638
USS$ 22.52 0.645 0.688

The results suggested that there was no
effect of the managements adopted. Although the
parasite prevalence was high, near 90%, nematodes
have a direct life cycle, which did not favor an increase
in parasitic infestation by nematodes. These results
demonstrate that the host-parasite relationship was
not compromised by the food frequency and food
deprivation adopted in the different treatments. The
condition factor reinters this statement. TAVARES-
DIAS et al. (2002) noted that in O. niloticus, L.
macrocephalus and P. mesopotamicus parasitized
decrease in conditions regarding these not infested fish.

The treatment with 4 meals a day with food
deprivation, was the only feeding regime application
of this concept based on compensatory weight
gain (METCALFE & MONAGHAN, 2001) under
productive aspect. The 4-meal feed management with
deprivation and the 2-meal feed management without
deprivation have similar sanitary aspects and growth
performance. They are different in the amount of labor
used which in practice influences production costs.

It can be observed that the revenue from the
4-meals-a-day treatment was higher in comparison to
the 2-meals-a-day management without deprivation.
However, considering the values of the food and
overtime in Brazil, the costs involving two meals
a day with no weekly feed deprivation were lower.
Therefore, considering cost-benefit, the treatment of
2 meals a day without feed deprivation is the most
recommended management.

CONCLUSION

The one-meal-a-day management with
no deprivation can be used when the objective is
maintaining fish weight. The two-daily feeding
management without deprivation is the best
management providing better growth performance
associated with a better cost-benefit ratio without
harming fishes health.
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