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Aquaculture/ Original Article

Recirculating system using
biological aerated filters on
tambaqui fingerling farming

Abstract — The objective of this work was to evaluate a recirculating
aquaculture system using biological aerated filters in tanks for tambaqui
(Colossoma macropomum) fingerlings farming, with two initial stocking
densities (1.4 and 2.5 kg m=). The biofilters had similar materials (media) and
the same granulometric standards, but inverted orders of the media (classic
and inverted). The following were monitored for 90 days: water quality;
zootechnical, parasitological, and hematological parameters; and hematimetric
indices. Water temperature, oxygen levels, pH, electrical conductivity, and
dissolved solids concentration were compatible with tambaqui farming and
did not differ between the different biofilters and densities. The ammonia and
nitrite value was associated with the stocking densities and not with biofilter.
The zootechnical and hematological parameters and the hematimetric
indices evaluated were not influenced either by the type of biofilter or by
the stocking densities. Ichthyophthirius multifiliis, Anacanthorus spathulatus,
Notozothecium janauachensis, and Mymarothecium boegeri were the
parasites found. The aerated, classical, and inverted biological filters have
similar efficiency in maintaining water quality parameters for tambaqui
fingerling farming.

Index terms: Colossoma macropomum, aquaculture, parasites, production.

Sistema de recirculagao usando filtros biolégicos
aerados no cultivo de alevinos de tambaqui

Resumo — O objetivo deste trabalho foi avaliar um sistema de recirculagédo de
agua com uso de filtros bioldgicos aerados em tanques de cria¢ao de alevinos
de tambaqui (Colossoma macropomum), com duas densidades de estocagem
(1,4 e 2,5 kg m?). Os biofiltros possuiam materiais semelhantes (meios) e
os mesmos padrdes granulométricos, mas com a ordem dos meios invertida
(classico e invertido). Foram monitorados durante 90 dias: a qualidade
da agua; os parametros zootécnicos, parasitolégicos e hematoldgicos; e os
indices hematimétricos. A temperatura da agua, os niveis de oxigénio, o
pH, a condutividade elétrica ¢ a concentragdo de sélidos dissolvidos foram
compativeis com a producdo de tambaqui e ndo diferiram entre os diferentes
biofiltros e densidades. O valor de amoénia e nitrito foi associado a densidade
de estocagem e ndo ao biofiltro. Os pardmetros zootécnicos e hematoldgicos
e os indices hematimétricos avaliados nao foram influenciados nem pelo tipo
de biofiltro nem pela densidade de estocagem. Ichthyophthirius multifiliis,
Anacanthorus spathulatus, Notozothecium janauachensis € Mymarothecium
boegeri foram os parasitas encontrados. Os filtros biologicos aerados, classico
e invertido tém similar eficiéncia na manutencao de pardmetros de qualidade
de agua para o cultivo de alevinos de tambaqui.

Termos para indexacdo: Colossoma macropomum, aquicultura, parasitos,
produgao.
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Introduction

The tambaqui (Colossoma macropomum Cuvier
1818) is a native fish species from the Amazon River
basin. It is farmed in the northern and northeastern
regions of Brazil due to its rapid growth, relative
resistance to illnesses and good tolerance to high
temperatures and moderate levels of dissolved oxygen
in the water (Baldisserotto & Gomes, 2010). However,
tambaqui is cultured with low technological levels
in most of Brazil, occurring on extensive and semi-
intensive systems in earthen ponds. In 2014, the
production reached 139,209 tons, which was more than
57% higher than in 2013 (IBGE, 2017).

The pisciculture sector has invested in technologies
aimed at improving tambaqui production and has
gradually led many farmers to shift tambaqui culture
from traditional semi-intensive systems to more
intensive production systems (Silva & Fujimoto, 2015).
Expanding semi-intensive and intensive system for this
fish will lead to increasing volumes of waste nitrogen
and solids that foul the water, making it necessary
to generate new technologies that can control and
reduce effluent pollution to near zero, as observed in
recirculation aquaculture systems (RAS).

The RAS can be defined as systems where the outlet
water from fish tanks is treated and re-used instead
of being released into a recipient water body (Lekang,
2013). Different water treatment technologies may
be appropriate to maintain water quality parameters
within acceptable levels in this system. Among the
common practices, the conversion of nitrogenous
wastes with biofilters (Lekang, 2013) is included. The
biofilters containing substrates of different materials
(media) were designed to have maximum contact
surface in order to promote the growth of the bacterial
community through the production of biofilms
(Avnimelech, 2006).

Most of the biofiltration on recirculating systems
has been focused on integrating aerobic and
anaerobic microbial processes for the elimination of
waste products of nitrogen in the form of ammonia,
excreted by animal respiration and organic matter
decomposition, using static bed filters and moving
bed bioreactors (Suhr & Pedersen, 2010). In the static
bed filter, the media (mineral or plastic) is fixed and
not moving. The water runs through the media as a
laminar flow to make contact with the bacterial film.
In the moving bed filter, the media (usually plastic) is
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moving around in the water inside the biofilter by a
current created by pumping in the air. Because of the
constant movement of the media, moving bed filters
can be packed more hardly than fixed bed filters, thus,
reaching a higher turnover rate per m* of the biofilter.
There are no significant differences in the turnover rate
calculated per m? (filter surface area) as the efficiency
of the bacterial film in either of the two filters
systems (Suhr & Pedersen, 2010). However, periodic
backwashing is necessary to avoid blocking of the
system with fixed bed filters due to solids entrapment
and biofilm growth (Suhr & Pedersen, 2010).

In Brazil, few companies are specializing in the
production of media for biofilter, and the models
currently available on the market are imported, a fact
that ends up raising the costs, making it unfeasible
to install RAS for small farmers, especially the ones
that use modern technologies as moving bed biofilters.
Thus, the question that arises is whether the variations
in the conventional biological filtration system using
static bed biofilters and different stocking density
would influence the tambaqui performance in a
simplified RAS.

Associated to parasitology, the establishing of
hematological values should be adopted as a reference
to evaluate fish health status (Tavares-Dias, 2015),
because this tool provides a reliable evaluation via
non-lethal means (Satheeshkumar et al., 2012). The
blood parameters of fish are closely related to their
metabolism, nutritional status, and diseases. They can
usually be used to evaluate the physiological condition
of the fish population and assess the stress caused by
the environment and parasites (Ranzani-Paiva et al.,
2013; Li et al., 2014; Pinheiro et al., 2015; Soares et al.,
2016). Despite its importance, there are few references
regarding tambaqui health status, which is farmed in
RAS, evaluating such parameters.

The objective of this work was to evaluate a
recirculating aquaculture system using biological
aerated filters in tanks for tambaqui fingerlings
farming, with 1.4 and 2.5 kg m? initial stocking
densities.

Material and Methods

The trial occurred in the laboratory of the center for
agroforestry research of Embrapa Amapa (Embrapa
— Brazilian Agricultural Research Corporation — unit
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located in state of Amapa, Brazil). The experiment
was conducted in a 2 x 2 factorial design with the
factors type of biofilters (Bl — conventional and B2 —
inverted) and two initial fingerlings stocking densities
(1.42 and 2.50 kg m) with two replications each. The
media of biofilters had similar materials and same
granulometric standards but in different orders. Each
media comprised 15% of total volume of the biofilter.
Biofilter 1 was composed of sand, minute pebbles,
bamboo slices, and ceramic, in this sequence; and
Biofilter 2 consisted of ceramic, bamboo slices, minute
pebbles and sand, in this order.

Three hundred and twenty fingerlings of
tambaqui (160 fingerlings with 35.5342.77 g and
160 fingerlings with 62.71£2.75 g) were farmed for
90 days in RAS using aired fixed bed biofilters,
a submerged media wastewater treatment that

A Water efluente

Water treated

combined biological and mechanical filtration. The
RAS comprised four circular ponds with 500 L of
capacity, a decanter with 50 L of capacity and fixed
bed biofilters with a volume of 500 L interconnected
by complex drain and supply tubes, from which
water is transported by an air-lift pump and gravity
(Figure 1).

The fish received commercial feed (Aqua-Guabi,
Guabi Nutricdo e Saide Animal, state of Sdo Paulo,
Brazil) containing the following security levels:
moisture (max.) 80 g kg'!, crude protein (min.) 360
g kg, ethereal extract (min.) 80 g kg, gross fiber
(max.) 75 g kg'!, mineral matter (max.) 115 g kg’,
calcium (max.) 23 g kg, phosphorus (min.) 7 g kg''.
The feed was offered three times a day, up to the limit
of 3% of the total fish weight, as suggested by the
manufacturer and according to consumption.

1, Coarse sand

2, Fine gravel C
3, Bamboo fragments
4, Ceramic fragments
. Biofilter 1
Fish tanl
B Water efluente  yater treated

Fish tank

Sedimentation

1, Ceramic fragments
2, Bamboo fragments
3, Fine gravel

4, Coarse sand

Biofilter 2

Solids decanter

—

Water collection network

Figure 1. Detail of recirculating aquaculture system used for fingerling farming of tambaqui (Colossoma macropomum).
A, biofilter 1 showing the general layout and distribution of each bed fixed. B, biofilter 2 showing the general layout and
distribution of each bed fixed. C, detail of water collection network.
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The following water quality parameters were
measured daily: pH, water temperature (°C), dissolved
oxygen (mg L"), electrical conductivity (EC —
uS cm™) and total dissolved solids (TDS — mg L)
using a multiparameter meter (Horiba U10, Horiba
Instruments Brazil, Sdo Paulo, Brazil). Total ammonia
nitrogen (TAN — mg L) and nitrite (NO, — mg L)
levels were measured bi-weekly using a Benchtop
Multiparameter Photometer for Water Analysis (Hanna
Model HI 83208, Hanna Instruments Brasil, Tamboré¢,
Barueri, Brazil) at the water entry and outlet points
of the farming tanks. The tanks were populated ten
days after the filters had been assembled. The growth
of nitrifying bacteria was stimulated through adding
ammonium hydroxide (NH,OH) immediately after
the biological filters had been assembled. These were
additionally enriched with a solution containing 30 g of
regular sugar every three days during the first month
of farming. The pH level was controlled by adding 15
g of dolomitic lime in the tanks containing different
biofilters, every seven days. Water flow between
biofilter and fish tanks was adjusted at 1.5 L per
minute. No water discharge or displacement occurred
during the trial period, except when replacing the water
lost through evaporation, siphoning the floor of the
culture tanks, and cleaning the floor of the decanters.
Only 10% of the water of system was replaced in each
operation twice a week.

At the beginning and end of the experiment, the
zootechnical parameters were measured. All fish were
weighed (g) in a digital scale and measured in total
length (cm) using a caliper to determine the weight
gain (WG), individual mean consumption (IMC),
individual mean consumption of feed at the end of
the experiment (IMCE), apparent feed conversion
ratio (AFC), specific growth rate (SGR), fish survival
rate (SR) according to Pereira Junior et al. (2013) and
Pinheiro et al. (2015), and relative condition factor
(Kn), as described by Le Cren (1951).

After 90 days of farming, the blood of five fish
was collected by replicate of each biofilter, and
the density of the caudal vessel was collected using
syringes containing sodium heparin, for hematological
parameters analysis. The samples were preserved on
wet ice around 4°C during the analysis. Hematocrit
was assessed through the microhematocrit method,
hemoglobin concentration was evaluated using the
cyanmethaemoglobin method; and total red blood cells
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were counted in a Neubauer chamber (Ranzani-Paiva
et al., 2013). These data were used to calculate
Wintrobe’s hematimetric indices: mean corpuscular
volume (MCV) and mean corpuscular hemoglobin
concentration (MCHC). The differential leukocytes
count was performed on blood smears that were stained
with a combination of May-Griinwald-Giemsa-Wright.
The total thrombocytes and leukocytes count was
determined through indirect method (Ranzani-Paiva
et al., 2013).

After the blood collection, each fish was necropsied
for parasitological analysis of mouth, opercula, and
gills, which were examined for the collection of
ectoparasites. The gastrointestinal tract was studied
to collect endoparasites. The collection, fixation,
conservation, counting and staining of parasites for
identification followed previous recommendations
(Tavares-Dias, 2015). The prevalence and mean
abundance were accessed according to Tavares-Dias
(2015).

The data initially assumed a normal distribution and
homoscedasticity using the Shapiro-Wilk and Bartlett
tests, respectively. Data were subjected to two-way
analysis of variance (biofilter versus fish stocking
density), followed by the Student-Newman-Keuls test,
at 5% probability, for comparison between treatments,
except for parasites prevalence. For comparison of
parasitic prevalence, datawere analyzed using the y* test,
at 5% probability (Zar, 2010).

Results and Discussion

Water temperature, oxygen levels, pH, electrical
conductivity, total dissolved solids and total
ammonia concentration in the RAS of the tambaqui
fingerlings did not differ between treatments
(Table 1). The water quality parameters were similar
to that recommended for farming Amazonian fish on
traditional fish farming (Oliveira et al., 2007; Chagas et
al., 2007; Pereira Junior et al., 2013). The results show
that both biological filters used were equally efficient,
particularly on controlling the ammonia, nitrite, and
total dissolved solid levels. The amount of ammonia
excreted by tambaqui is directly related to its mass and
inversely related to temperature (Ismifio-Orbe et al.,
2003). Therefore, variations observed at ammonia and
nitrite values in the present study are associated with
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the difference between fish weights, given that the
temperature was relatively similar in the treatments.
About the zootechnical parameters, the survival
rate of the fish was 100% at both farming densities.
Moreover, the feed consumption and weight gain
among the fingerlings were similar with the two types
of biofilters (Table 2). The quality of the fish-farming
environment needs to be sufficient to ensure optimum
conditions for growth of the fish species, considering
that when conditions are inadequate, fish growth
and health are diminished. The growth parameters
obtained here for tambaqui were not influenced either
by the type of biofilter or by the stocking densities. The
weight gain, mean feed consumption, apparent feed
conversion rate, specific growth rate, and fish survival
rate recorded in this work were compatible to those
reported for tambaqui farmed in ponds without water
renovation (Oliveira et al., 2007; Pereira-Junior et al.,
2013; Pinheiro et al., 2015), in ponds with continuous
water renovation (Sipauba-Tavares et al.,, 2003) and
in net-cages (Chagas et al., 2007; Silva & Fujimoto,
2015). Therefore, according to these results, both types

of filters tested here have functioned satisfactorily in
production of tambaqui fingerlings.

The hematocrit, hemoglobin, MCV, and MCHC
levels and the erythrocyte, thrombocyte, and neutrophil
counts were similar among the fingerlings at the two
stocking densities and with both biofilters (Table 3).
However, the total leukocyte and lymphocyte counts
were greater among the fish farmed in the RAS using
biofilter 2, regardless of fish stocking density (1.4 kg m™
and 2.5 kg m™ of fish), while PAS-Positive granular
leukocytes (PAS-GL) count was only greater among
fish farmed at the highest density using biofilter 2. The
monocytes count was lower among fish farmed in the
RAS using biofilter 2 with the lower stocking density.
The eosinophils count in fingerlings was greater in the
RAS using biofilter 2 with the higher density and in
the RAS with biofilter 1 at the lower density.

Inadequate environmental conditions in RAS
may cause stress to the fish and negatively affect
blood parameters (Li et al., 2014), but this was not
observed in this study. The hematocrit, hemoglobin,
MCYV and MCHC levels, erythrocytes, thrombocytes,

Table 1. Water quality parameters in a recirculating aquaculture system using two biological filters (Bl — classical and B2
—inverted) and two stocking densities (D1 — 2.5 kg m™ and D2 — 1.4 kg m) of tambaqui (Colossoma macropomum) farmed
during 90 days.

Treatments Temperature (°C) pH EC (uS cm™) DO (mg L) TDS (mgL')  TAN (mgL") NO, (mg L")
B1/D1 27.7+0.5 6.1+0.5 110.6+0.3 6.3+0.4 0.07+0.02 1.940.6 0.27+0.3
B1/D2 27.8+0.6 6.2+0.6 102.7+0.3 6.2+0.4 0.07+0.02 1.3+0.3 0.25+0.4
B2/D1 27.9+0.5 6.1+0.6 98.3+0.3 6.420.5 0.06+0.02 2.2+0.4 0.29+0.3
B2/D2 27.7+0.6 6.2+0.6 110.5+0.3 6.1+0.6 0.07+0.02 1.9+0.3 0.26+0.2

EC, electrical conductivity; DO, dissolved oxygen; TDS, total dissolved solid; TAN, total ammonia nitrogen; NO,, nitrite. Values express mean+standard
deviation.

Table 2. Zootechnical parameters of tambaqui (Colossoma macropomum) farmed during 90 days in a recirculating aquaculture
system using two biological filters (Bl — classical and B2 — inverted) and two stocking densities (D1 —2.5 kg m? and D2 — 14
kg m).

Zootecnical parameters B1/D1 B1/D2 B2/D1 B2/D2
Initial weight (g) 63.1£3.4 37.2+0.4 61.4+1.6 36.7+0.9
Final weight (g) 168.8+0.4 133.1£10.6 161.43+9.2 136.449.5
Initial length (cm) 12.5+0.4 10.4+0.4 12.6+0.2 10.4+0.3
Final length (cm) 17.3+0.2 16.5+0.5 17.2+0.2 16.5+0.4
Weight gain (g) 105.749.9 95.9+10.7 100.1+10.4 99.7+10.4
Consumption of feed (g) 2.31£0.11 1.61+0.06 2.14+0.07 1.61+0.01
Survival (%) 100 100 100 100
Apparent feed conversion rate 1.96+0.21 1.52+0.12 1.94+.19 1.46+0.17
Specific growth rate (%) 1.09+0.07 1.41£0.09 1.07+0.08 1.45+0.10
Relative condition factor 1.00+0.01 1.00+0.01 1.00+0.02 1.00+0.01

Values express mean+tstandard deviation.
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monocytes, eosinophils, PAS-GL, and neutrophils
counts for fingerlings of tambaqui in the present study
are considered to be within the reference values for the
same species farmed in earth ponds (Tavares-Dias,
2015), indicating that the recirculation system using
fixed bed biological filters had good environmental
conditions for the cultivation of tambaqui fingerlings.
Other parameters as total leukocytes count for
tambaqui showed variations that were influenced
by the lymphocytes, monocytes, PAS-GL and
eosinophils count, due to the numerous functions of
these cells in immunological system (Ranzani-Paiva
et al., 2013; Pinheiro et al., 2015) that probably were
affected by the parasite load observed in the present
study. Lymphocytes are involved in the production
of immunoglobulins and defense modulation.
Monocytes and PAS-GL are phagocytes that migrate
to inflammatory foci during infectious processes,
while eosinophils participate in the defense process
against parasites (Ranzani-Paiva et al., 2013; Pinheiro
et al., 2015).

Only ectoparasites including Ichthyophthirius
multifiliis  (Protozoa), Anacanthorus spathulatus,
Notozothecium janauachensis, and Mymarothecium
boegeri (Monogenoidea) were found in tambaqui of
this study (Table 4). The exception is N. janauachensis,

for which the prevalence of parasites among the
fingerlings was similar in both biofilters, as well as
the density of biomass stocking. However, stocking
density influenced the abundance of 4. spathulatus,
M. boegeri, and N. janauachensis, which was greater
at the initial density (2.50 kg m? of fish), farmed in the
RAS using biofilter 1. The protozoan I. multifiliis was
more abundant among fingerlings, with higher stocking
density (2.5 kg m> of fish), farmed using biofilter 2
(Table 4). Apparently, stocking density in tambaqui
affected parasitic intensity, but it has not affected
parasite prevalence. Since a significant difference
was not observed between parasitic abundance and
prevalence of A. spathulatus, M. boegeri, and N.
Jjanauachensis in both biofilters, it is acceptable to infer
that the media used as bed, fixed in each biofilter, was
not a decisive factor on the abundance and prevalence
of these parasites.

The abundance and prevalence of I multifiliis,
A. spathulatus, N. janauachensis, and M. boegeri
reported in this study was lower than that reported
for tambaqui by Pinheiro et al. (2015) and Soares et
al. (2016), indicating that the parasitic load of this fish
farmed in RAS was lower in comparison with the
traditional system, regardless of the type of biofilter
used here.

Table 3. Hematimetric indices of tambaqui (Colossoma macropomum) farmed during 90 days in a recirculating aquaculture
system using two biological filters (Bl — classical, and B2 — inverted) and two stocking densities (D1 —2.5 kg m, and D2 — 1.4

kg m3)®,
Hematimetric indices B1/D1 B1/D2 B2/D1 B2/D2
Red blood cells (x 10° pLt) 1.68+0.38aA 1.72+£0.22aA 1.66+0.30aA 1.73£0.26aA
Hematocrit (%) 19.542.6aA 18.842.5aA 17.9+1.8aA 19.3+2.4aA
Hemoglobin (g dL™) 9.7+1.7aA 9.2+1.1aA 9.6+0.9aA 9.63+1.6aA
MCV (fL) 120.6+£23.7aA 110.6+21.0aA 111.6£23.0aA 114.2+14.9aA
MCHC (g dL™") 50.0+6.3aA 50.7+6.9aA 53.5+5.7aA 50.1£7.6aA
Thrombocytes (L") 110.8+41.8aA 90.8+38.6aA 112.6+43.9aA 114.3+38.5aA
Leukocytes (x 10° uL1) 74.9424.8aA 84.8+12.8aA 82.6+22.3bA 94.2+18.3bA
Lymphocytes (% 10° pL") 65.4+23.2aA 76.2+11.2aA 70.4+16.3bA 84.9+15.6aA
Monocytes (x 10° uL!) 3.7+2.4aA 3.5+1.3aA 3.6£3.2aA 3.0+1.4aA
Neutrophils (x 103 pL) 4.6+3.7aA 3.1£2.8aA 5.9+5.1aA 4.8+4.4aA
PAS-GL (x 10° uL") 1.2+0.8aA 1.3+0.3aA 1.3+0.4aA 1.4+0.4aA
Eosinophils (x 10° pL) 1.8+0.1aA 3.8+0.1aB 1.9+0.1aA 2.94+0.1aB

(MMeans followed by equal letters, lowercase between types of filters and uppercase between densities, do not differ by the Student-Newman-Keuls test,
at 5% probability. Values express meantstandard deviation. MCV, mean corpuscular volume. MCHC, mean corpuscular hemoglobin concentration.

PAS-GL, positive granular leukocytes.
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Table 4. Prevalence and mean abundance of parasites in gills of tambaqui (Colossoma macropomum) farmed during 90
days in a recirculating aquaculture system using two biological filters (Bl — classical, and B2 — inverted) and two stocking

densities (D1 — 2.5 kg m3, and D2 — 1.4 kg m=)®,

Parasites B1/D1 B1/D2 B2/D1 B2/D2
1 multifilii Prevalence (%) 75.0aA 75.0aA 100bB 100bB
. multifiliis
Mean abundance 2,700.0+2,156.8aA 3,001.9+2,666.0aA 5,070.6+2,286.3bA 1,867.6+941.9aB
Prevalence (%) 100.0aA 81.2bB 75.0bB 87.5bB
A. spatulathus
Mean abundance 23.2+18.2aA 6.2+9.6aB 11.1£13.4aB 8.8+6.4aB
. Prevalence (%) 31.2aA 16.3bB 25.0aA 18.7bB
M. boegeri
Mean abundance 4.4+7.3aA 0.2+0.8bB 0.6+1.0bB 0.4+0.8bB
N hensi Prevalence (%) 25.0aA 0.0bB 0.0bB 0.0bB
JANAUACTENSIS ) 1 oan abundance 1.142.50A 0.0bB 0.0bB 0.0bB

(MMeans followed by equal letters, lowercase between types of filters and uppercase between densities, do not differ by the Student-Newman-Keuls test,

at 5% probability.

Conclusions

1. The biological aerated filters, classical and
inverted, have similar efficiency in maintaining water
quality for tambaqui
fingerling farming.

2. The growth parameters and survival of tambaqui
are not influenced either by the type of biofilter or by
the stocking densities.

3. The stocking density influences the parasitic
load of tambaqui in both aerated filters, classical and
inverted, with higher incidence of parasites in the
stocking density of 2.5 kg m™=,

(Colossoma macropomum)
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