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ABSTRACT. We herein evaluated the hematology and parasitology of Nile tilapia previously raised
in an earthen pond and transferred to a recirculating aquaculture system (RAS) to verify any possible
influence of RAS on such health parameters. For this, 780 tilapias with an initial average weight and
length of 91.05 + 27.08 g and 17.45 + 1.91 cm, respectively, were distributed in three tanks (2.0 m?)
attached to the RAS, where they remained for 54 d. Throughout the period, water quality parameters
remained within the range suitable for the cultivation of the species. Tilapia growth performance was
satisfactory in the RAS, reaching a final biomass of close to 300 kg and survival of 98%. Hematological
and parasitological analyses at the end of 54 d showed possible stress in RAS, with a significant increase
in neutrophils from 12.15 + 6.66 (earthen pond) to 21.43 + 11.68% (RAS) and erythrocytes from 1.81 +
0.24 (earthen pond) to 2.13 £ 0.14 (RAS), and a significant decrease in lymphocytes from 22.4 + 2.66
(earthen pond) to 13.67 £ 3.38 (RAS). Furthermore, parasitological analysis showed a significant increase
in the number of parasitized fish (25% to 63%) and abundance (3.55 + 6.44 t0 9.37 £ 9.99) after 54 d. It
was concluded that tilapia cultivation in RAS can cause hematological changes and increase parasitism.

Key words: Intensive fish farm, blood count, Monogenea.

Los sistemas de recirculacion de acuicultura afectan los parametros hematol6gicos y aumentan
la susceptibilidad a los ectoparasitos en la tilapia del Nilo Oreochromis niloticus

RESUMEN. Evaluamos la hematologia y parasitologia de tilapias del Nilo previamente criadas en
un estanque de tierra y transferidas a un sistema de acuicultura de recirculacion (RAS), para verificar
cualquier posible influencia del RAS en dichos parametros de salud. Para ello, se distribuyeron 780
tilapias con un peso y longitud promedio inicial de 91.05 +27.08 gy 17.45 + 1.91 cm en tres tanques
(2.0 m?) adjuntos al RAS, donde permanecieron durante 54 d. Durante todo el periodo los parametros
de calidad del agua se mantuvieron dentro del rango adecuado para el cultivo de la especie. El compor-
tamiento del crecimiento de la tilapia fue satisfactorio en el RAS, alcanzando una biomasa final cercana
a los 300 kg y una supervivencia del 98%. Los analisis hematoldgicos y parasitologicos al final de los
54 d mostraron un posible estrés en el RAS, con un aumento significativo de neutréfilos de 12,15 £ 6,66
(estanque de tierra) a 21,43 + 11,68% (RAS) y de eritrocitos de 1,81 £ 0,24 (estanque de tierra) a 2,13 £
0,14 (RAS), y una disminucion significativa de linfocitos de 22,4 + 2,66 (estanque de tierra) a 13,67 £
3,38 (RAS). Ademas, el analisis parasitologico mostré un aumento significativo en el nimero de peces
parasitados (25% a 63%) y abundancia (3,55 £ 6,44 a 9,37 + 9,99) después de los 54 d. Se concluyo
que el cultivo de tilapia en RAS puede provocar cambios hematologicos y aumentar el parasitismo.

Palabras clave: Piscifactoria intensiva, hemograma, Monogenea.
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INTRODUCTION

Recirculating aquaculture systems (RAS) emerge
in the aquaculture sector as powerful sustainable
tools. When compared to other cultivation tech-
nologies, RAS presents economic advantages as
it requires a smaller area to obtain the same pro-
ductivity, better sanitary control during produc-
tion, allows ideal production growth throughout
the year, reducing seasonality in the product supply
and allows production close to the consumer mar-
ket (Ebeling and Timmons 2012). In addition to
reducing environmental impacts, RAS can optimize
productivity in harmony with the pillars of sustain-
ability, contributing to a healthy and prosperous
future for the planet (Ebeling and Timmons 2012;
Owatari et al. 2022a).

However, the implementation of RAS technolo-
gy foresees challenges that exceed implementation
costs and specialized labor. Perspectives related to
environmentally friendly practices in aquaculture
must also consider the welfare of farmed animals
(Dara et al. 2023). In Brazil, RAS are intended for
the cultivation of ornamental fish and for research
purposes (Valenti et al. 2021). However, its use in
commercial fish production, such as Nile tilapia
Oreochromis niloticus, has not yet been established.

In the Brazilian aquaculture sector, Nile tilapia
stands out as the most produced fish species, reach-
ing the mark of 550,000 t in 2022, representing
63.9% of Brazilian production, where the most pre-
dominant cultivation models are those conducted
in earthen ponds (PeixeBR 2023). Nile tilapia, as
well as other fish species, can present good produc-
tive performance when stocked at high densities;
however, a considerable increase in stocked bio-
mass will result in a greater amount of waste, and
consequently, rapid deterioration in water quality
(Roveda et al. 2024), impacting the fish health and
enabling infectious and parasitic outbreaks (Tavar-
es-Dias and Martins 2017).

A quick and accurate way to access fish health

is through monitoring hematological parameters
(Fazio 2019). Hematological analyses are important
tools for diagnosing possible infectious processes
caused by both bacteria and parasites (Ishikawa et
al. 2008). In homeostasis, fish blood is composed
of cells that remain in different proportions; how-
ever, when a disturbance occurs that interferes with
the animals’ health, these proportions are altered,
generating an indication of anomalies. Such chang-
es can occur due to biotic and abiotic factors, such
as parasites and changes in water quality (Ranza-
ni-Paiva and Silva-Souza 2004).

The growth and intensification of tilapia produc-
tion has faced obstacles that affect the productivity
and quality of the fish, with health being one of the
main obstacles detected (Tavares-Dias and Martins
2017; Owatari et al. 2020). Thus, the present study
evaluated the health aspects of Nile tilapia culti-
vated in RAS in southern Brazil, evaluating water
quality variables and fish health with hematolog-
ical and parasitological analyses, before and after
stocking in the RAS system.

MATERIALS AND METHODS

The Ethics Committee on the Use of Animals
(CEUA/UFSC 9594280417) approved the study
using eugenol (75 mg I'!) as an anesthetic. The
experiment was conducted using an indoor recir-
culating aquaculture system (RAS). Initially, the
system underwent a sanitary vacuum, in which the
RAS was completely cleaned and disinfected. Af-
ter three days of sanitary vacuum, the system was
filled with water and chlorinated at a concentration
of 200 mg 1!, in accordance with the recommen-
dations of Timmons and Ebeling (2010), and was
recirculated for four days until the chlorine was
completely volatilized (Alcon® Labcon Cloro Test
kit). Then, the system was cycled to mature the bio-
logical filter. During this phase, the average values
of the water quality variables were dissolved oxy-
gen (DO) 8.3 mg I'!, temperature 37.4 °C, pH 6.8,
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electrical conductivity 205.8 uS cm!, salinity 0.1,
alkalinity 34 mg CaCO; I'! and hardness 35 mg 1.
For bacterial growth, 100 g of the commercial
fertilizer ammonium sulfate with a concentration
of 21% N, (Adubel —salts, from Buschle and Lep-
per SA) were diluted in 14 | of water and added
to the RAS experimental units to stimulate the
growth of nitrifying bacteria. Bacteria of the gen-
era Nitrosomonas and Nitrobacter, cultivated at the
Laboratorio de Camardes Marinhos of the Federal
University of Santa Catarina (LCM/UFSC) were
inoculated into the system, according to method
9245 (Eaton 2005). Daily dilutions of ammonium
sulfate were added after monitoring the quality of
the water, increasing its concentration by 50% for
a week, and then maintaining it at 1.9 kg of am-
monium sulfate (containing 399 g of ammonium),
totaling an addition of 29.12 mg 1! of ammonium
per day. When the nitrite concentration reached
safe levels, fish were introduced into the RAS.
For the experiment, 780 Nile tilapia with ini-
tial average weight and length of 91.05 £ 27.08 g
and 17.45 £ 1.91 cm, respectively, from an earthen
pond were used. Before stocking in the RAS, fifty
tilapias were subjected to health assessment with
parasitological and hematological analyses. All fish
received an oxytetracycline bath (50 mg 1'!) for one
hour during three days before being introduced into
the RAS (Noga 2010). After this procedure, fish
were measured, weighed, and stoked in the experi-
mental units, reaching an initial total biomass of ap-
proximately 70 kg. Fish were fed commercial feed
containing 36% crude protein, twice a day (10 am
and 4 pm) until apparent satiety. The feed consump-
tion was estimated as consumption x feed protein
content x K (K =0.092), in order to quantify the am-
monia nitrogen introduced per meal into the RAS
and the daily total (Timmons and Ebeling 2010).
The RAS was composed of a 5.7 m? biofilter,
two mechanical filters (sand filter and rotary filter)
and three 2.0 m? black fiberglass cylindrical stock-
ing tanks as experimental units (cultivation units),
composed of independent modules that could be
connected or disconnected from the RAS at any

time. The water inlet was located on the surface,
while the water outlet was at the bottom through
a central drain. The flow rate was 119 1min! and
the residence time in the biofilter was 48 min. Ox-
ygen was supplied by three air diffusers connected
to a radial air compressor (ELAM, model CRE-05
of 7.5 CV, 8.2 m? air min™'). Initially, daily water
replacements were carried out, replacing only the
water lost through evaporation and backwashing,
totaling an approximate volume of 750 1 day-!.
Starting on day 27th after fish stocking, two daily
backwashes were necessary, totaling a replacement
of 1,500 1 day'.

Dissolved oxygen and temperature were mea-
sured with the YSI 550A probe. pH, salinity, and
electrical conductivity were measured with the YSI
63 probe. Alkalinity and hardness were analysed in
the laboratory according to Golterman et al. (1978)
and by titration and with edetetic acid, respectively.
For the quantification of nitrogenous compounds,
the colorimetric method was used with a Micronal
B582 spectrophotometer, following Bendschneider
and Robinson (1952) and Koroleff (1976).

After inoculating the RAS with nitrifying bacte-
ria and ammonium sulfate, water quality monitor-
ing was conducted daily at 4 pm until the stocking
of fish. The alkalinity and hardness were conducted
every four days. After fish stocking, water parame-
ters continued to be measured daily at 4 pm in the
experimental units. For total ammonia, nitrite and
nitrate analyses, water samples were collected from
the cultivation units, after the rotary filter between
points 1 and 2.1 (Figure 1) and after the sand filter
between points 4 and 5 (Figure 1). Alkalinity and
hardness were measured at intervals of 4 days and
water was collected for analysis before entering
the biofilter between points 1 and 2 (Figure 1). The
experimental period lasted 54 days.

After being removed from the earthen pond and
at the end of the cultivation phase in the RAS, he-
matological and parasitological analysis of fish
were conducted. For hematological analysis, ten
fish from each cultivation unit were sedated with
eugenol (75 mg 1'") and then the blood was col-
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Figure 1. Schematic of the water treatment unit. 1) rotating filter, with 30 p mesh, 2) biofilter, 2.1) water reception compartment
from the cultivation units, containing 355 kg of oyster shell, 2.2) compartment with biological support for fixing nitrifying
bacteria, 2.3) compartment for collecting biologically filtered water, 3) 1.5 HP motor pump (Jacuzzi, model 15 B-T), 4)
sand filter (Jacuzzi, model 30 TP), 5) 5 m? equalizing box for water storage and temperature homogenization, 6) 1.0 HP
motor pump (Jacuzzi, model 1 A-T) delivers water to the experimental units.

lected by puncturing the caudal vessel with the
aid of insulin syringes emulsified with 10% Hem-
stab EDTA anticoagulant. Blood extensions were
prepared and stained with May-Grunwald/Giensa
(Rosenfeld 1947) for total and differential counts of
organic defense blood cells (leukocytes and throm-
bocytes). The differential count of organic defense
blood cells followed the methodology proposed by
Ishikawa et al. (2008) and the erythrocyte count
on a hemocytometer and hematocrit according to
Goldenfarb et al. (1971). Parasitological analysis
was performed after blood collection, according to
Jeronimo et al. (2011). The prevalence rate, average
intensity and average abundance of parasites were
calculated according to Bush et al. (1997). The he-
matological and parasitological parameters of fish
were compared between initial and final samples.
To verify the growth performance of fish, the fol-
lowing production indexes were calculated: survival
(%) = (number of final fish / number of initial fish)
x 100; weight gain = (final weight-initial weight);
specific growth rate (SGR) = [(In final weight - In
initial weight) / (time) x (100)]; feed conversion
(FC) = (amount of feed / weight gain); and condi-
tion factor (K) = [(total weight) / (length?) x (100)].
Data were subjected to the Kolmogorov-Smirn-
ov test to assess whether the distribution was with-

in the normality curve and the Levene test to verify
homoscedasticity. Data that met the prerequisites
of normality and homoscedasticity were subjected
to the Student t test. All analyses had a significance
of 5% (Zar 2009).

RESULTS AND DISCUSSION

To evaluate the performance of the RAS, water
quality parameters were evaluated separately and
divided into the biofilter maturation phase and after
the stocking of the fish (Table 1). During the cul-
tivation period, water quality variables remained
within the comfort range for Nile tilapia (Mengistu
et al. 2020). Nile tilapia contributes to the develop-
ment of aquaculture around the world (FAO 2022)
and is among the main farmable freshwater species
(Geletu and Zhao 2023). This is due to its rusticity,
including greater resistance to environmental varia-
tions and diseases, when compared to other species,
as it survives and grows in varied environmental
conditions (PeixeBR 2023), with great potential
for growth at temperatures ranging between 27 °C
and 32 °C and dissolved oxygen above 5 mg I!
(Mengistu et al. 2020).
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Table 1. Water quality variables during the maturation phase of the biological filter and after 54 days of cultivation of Nile tilapia
in a recirculating aquaculture system (RAS). Mean values are presented as mean + SD. BB = before the biofilter. AB =
after the biofilter. TAN = total ammonia nitrogen. NH; = toxic ammonia. NO, = nitrite. NO; = nitrate. (*) Asterisk indicates

significant difference.

Variables Maturation phase Stocking fish phase p-value
Dissolved oxygen (mg I'")* 7.61 £0.20 5.53+£0.24 0.0079
Temperature (°C) 27.24+0.22 27.99 +£0.19 0.3046
pH* 6.92 +£0.59 7.48 £0.21 0.0486
Alkalinity (mg CaCO; I'1)* 28.99 +5.44 33.35+245 < 0.0001
Hardness (mg CaCOs I'") 36.73 £3.26 36.85+£2.57 0.5282
Salinity (%o)* 0.17 £0.08 0.37 £0.07 0.0373
Electric conductivity (uS cm™)* 385.44 £ 163.76 732.57 £52.87 0.0331
TAN (BB) (mg I"))* 3.12+£6.28 0.274£0.15 0.0089
TAN (AB) (mg 1')* 1.635+4.26 0.02£0.013 0.0002
NH; (BB) (mg I')* 0.285+0.90 0.007 £ 0.01 0.0021
NH; (AB) (mg I-1)* 0.041 £0.14 0.001 £ 0.00 0.0161
NO, (BB) (mg I')* 3.263£3.79 0.042 £ 0.03 0.0399
NO, (AB) (mg I'1)* 1.353£2.16 0.022 £ 0.04 0.0321
NO; (BB) (mg I'h)* 42.56 £2.09 3473 £2.47 0.0451
NO; (AB) (mg I-1)* 46.04 +3.73 35.83 £3.61 0.0071

The average amounts of feed offered in the morn-
ing period were significantly lower (p < 0.05)
(1,755.22 £ 475.8 g) when compared to the af-
ternoon period (1,927.64 + 408.55 g), resulting
in an average consumption of 3,682.86 + 693.37 g
of feed daily. According to Timmons and Ebe-
ling (2010), 3% of feed supplied daily to fish will
be converted into TAN, i.e. for every 1,000 g of
feed, 30 g of TAN will be produced in the sys-
tem; and for every 0.3 g of TAN generated in the
system, 1.0 m? of specific surface area is needed
for the adhesion of nitrifying bacteria to efficiently
oxidize ammonia to nitrate. Therefore, the RAS
must be equipped with a biofilter that allows the
development of healthy colonies of nitrifying bac-
teria, capable of carrying out ammonia oxidation.
In the present study, the inoculation of nitrifying
bacteria such as those of the genera Nitrosomonas
and Nitrobacter, which obtain their energy from
the oxidation of ammonia or nitrite (Owatari et al.

2022a), probably accelerated the biofilter matura-
tion process and maintained the concentrations of
nitrogenous compounds in the stocking fish phase
within acceptable limits in the RAS.

Water quality standards may vary depending
on the target species (Arana 2010). However, the
deterioration of such water quality standards is
one of the main factors affecting fish health (Dara
et al. 2023), causing changes in the blood count
(Fazio 2019), as well as increasing the presence
of parasites (Lacerda et al. 2018). The hematolog-
ical analysis is a bioindicator of the health of fish
and the environment in which they live, and this
assessment elucidates changes and morphologi-
cal disorders of blood cells caused by aggressive
agents (Fazio 2019). Thus, in the erythrogram it
is possible to identify potential anemic processes,
while the leukogram provides information about
infectious processes and other states of homeostatic
imbalance (Tavares-Dias et al. 2009). Hematolog-
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ical values found in the present study (Table 2) are
within the expected range for the species (Tava-
res-Dias and Faustino 1998). Nevertheless, when
compared with other results from RAS studies
(Moraes et al. 2022; Owatari et al. 2022b), values
are completely different, indicating that hematolog-
ical responses can vary according to the condition
faced by animals in environments subject to stress.
The numbers of lymphocytes showed a signif-
icant decrease (p < 0.05) between the beginning
and end of the experiment, while the number of
erythrocytes and neutrophils showed a significant
increase (p < 0.05) after the introduction of the fish
into the recirculation system. This variation in the
blood count may be related to the physiological
responses of tilapia after stress and were similar
to those observed by Fujimoto et al. (2009), who
found an increase in neutrophils and a decrease in
lymphocyte concentrations, but without observing
a decrease in the percentage of hematocrit in par-
asitized camurim (Centropomus undecimalis). It
was possible to verify through hematology that fish
in the recirculation system suffered some type of
stress, probably related to the stocking density in
the RAS or even the presence of parasites.
Parasitological analysis of the fish before and
after the experiment indicated the presence of para-
sites. It was possible to verify the occurrence of ec-
toparasites from the Monogenea class. Most com-
mon sites parasitized by Monogenea are the gills,

nostrils, eyes, and body surface of fish. All these
characteristics accentuate its pathogenicity, caus-
ing tissue damage and altering the behavior of the
fish. Anorexia, increased mucus production, skin
and branchial hemorrhages, hyperplasia in the gill
filaments, weight loss and death may occur. Less
intense infestations and small injuries are source of
secondary infections, and in this case prophylaxis
is essential (Jeronimo et al. 2011).

Although we carried out fish prophylaxis before
entering the RAS, it was possible to verify that
after a period of 54 days of cultivation under RAS
technology, there was a significant increase (p <
0.05) in the number of parasitized fish, going from
25% to 63% of the prevalence, while the average
abundance increased significantly (p < 0.05) from
3.55 £ 6.44 before stocking fish into the RAS to
9.37 £ 9.99 after 54 days of experiment. Regarding
the average intensity of parasitism, no significant
differences (p > 0.05) were observed between pe-
riods. Before stocking fish, the average intensity
was 14.2 + 6.31, while after 54 days it was 14.79
+ 8.74. Treatment and prevention of monogenetic
infections involves the use of various anthelmintic
parasiticides. However, prolonged, and frequent
use of these medications in incorrect doses leads to
the evolution of drug resistance (Zhang et al. 2014),
a factor that may have limited the effectiveness of
the treatment applied in the prophylactic bath in
the present study.

Table 2. Hematological parameters (mean = SD) of Nile tilapia juvenile before and after 54 days of stocking into the RAS. (*)

Asterisk indicates significant difference.

Hematological parameters Initial Final p-value
Erythrocytes (x 10 pl-)* 1.81+0.24 2.13+0.14 0.014
Leukocytes (x 103 pl') 12.48 +1.62 10.40 +5.59 0.382
Thrombocytes (x 10° ul'!) 52.65 + 14.68 49.83 +9.99 0.594
Lymphocytes (x 103 pl-')* 22.4+2.66 13.67 £3.38 0.033
Monocytes (x 103 ul!) 12.8 +8.88 15.07 £6.99 0.159
Neutrophils (x 103 ul'")* 12.15£6.66 2143 £11.68 0.014
Hematocrit (%) 32.92£3.17 31.33£2.18 0.058
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Table 3. Zootechnical performance of Nile tilapia after 54 days of cultivation in a recirculating aquaculture system (RAS). Values

are presented as mean + SD.

Zootechnical indexes Initial Final
Weight (g) 91.05+27.08 211.11 £29.16
Length (cm) 17.45 £ 191 22.74 £ 1.00
Survival (%) 100 98.27 £0.52
Biomass weight (kg) 70.98 £ 11.57 161.88 £45.12
Condition factor 1.85+£0.12 1.79 £ 0.15
Specific growth rate (g day™!) * 2.25+0.33
Feed conversion rate * 1.46 + 0.56

Final survival reached 98% (Table 3). Sampaio
and Braga (2005) and Marengoni (2006) observed
survival rates of Nile tilapia of 78% to 95% when
cultivated in cages. This fact suggests that RAS
can considerably improve survival rates, and con-
sequently improve productivity. Furthermore, we
herein observed that biomass almost tripled in 54
days and daily weight gain was similar to that re-
ported by Moraes et al. (2022) for tilapia cultivated
in RAS, showing a probable growth pattern un-
der the same cultivation model. The daily specific
growth rate is a valuable indicator for checking
weight gain. In the present study, values found after
54 days were higher than the 0.33 £ 0.01% found
by Owatari et al. (2022b) in the RAS. However, in
the present study the average water temperature
remained close to 27.99 £ 0.19 °C, while in the
study of Owatari et. al. (2022b) the water in the
tanks remained at an average temperature of 24.08
+2.30 °C, a factor that was probably advantageous
for the fish in the present study.

CONCLUSIONS

Hematological analysis showed a possible stress-
or in the RAS, probably caused by the fish stocking
density or the presence of parasites. The cultivation
model with RAS technology increased parasitism

among fish. However, Nile tilapia showed good
growth indexes in RAS when compared to other
studies.

ACKNOWLEDGMENTS

To the Coordenagdo de Aperfeigoamento de Pes-
soal de Nivel Superior (CAPES) for the scholarship
for the first author, the professors at the Federal
University of Santa Catarina (UFSC) Evoy Zanibo-
ni-Fiho and Alex Pires de Oliveira Nuiier for allow-
ing the use of the water recirculation system, the
Laboratorio de Sanidade de Organismos Aquaticos
(AQUOS/UFSC), Laboratorio de Biologia e Cul-
tivo de Peixes de Agua Doce (LAPAD/UFSC) and
Laboratorio de Cultivo Marinho (LCM/UFSC).

Declaration of interest

The authors declare that they have no conflict of
interest in the present manuscript.

Author contributions
Rodrigo Stallbohm: conceptualization, investi-

gation, and writing-original draft. Marco Shizuo
Owatari: formal analysis, writing-review and ed-



616

MARINE AND FISHERY SCIENCES 37 (4): 609-618 (2024)

iting. Evoy Zaniboni-Filho: writing-review and
editing, visualization, supervision, and project ad-
ministration. Mauricio Laterca Martins: conceptu-
alization, methodology, investigation, writing-re-
view and editing, visualization, supervision, and
project administration.

REFERENCES

ARANA LV. 2010. Qualidade da agua em aquicul-
tura principios quimicos e praticos. 3rd ed. Flo-
rianopolis: Editora da Universidade Federal de
Santa Catrina. 161 p.

BENDSCHNEIDER K, ROBINSON RJA. 1952. New
spectrophotometric method for the determina-
tion of nitrite in sea water. J Mar Res. 11: 8§7-96.

Busu AO, LAFrerTY KD, LoTZz JM, SHOSTAK
AW. 1997. Parasitology meets ecology on
its own terms: Margolis et al. revisited. J Pa-
rasitol. 83 (4): 575-583. DOI: https://doi.
org/10.2307/3284227

DARA M, CARBONARA P, LA CORTE C, PARRINELLO
D, CAMMARATA M, Parist MG. 2023. Fish wel-
fare in aquaculture: physiological and immu-
nological activities for diets, social and spatial
stress on Mediterranean aqua cultured species.
Fishes. 8 (8): 414. DOI: https://doi.org/10.3390/
fishes8080414

EatroN AD, CLESCERI LS, RicE EW, GREENBERG
AE. 2005. Standard methods for the examina-
tion of water and wastewater. 21st ed. Washin-
gton: American Public Health Association.

EBeLING JM, TiMMoONs MB. 2012. Recirculating
aquaculture systems. In: TipweLL JH, ed-
itor. Aquaculture production systems. Wi-
ley-Blackwell. p. 245-277. DOI: https://doi.
org/10.1002/9781118250105.ch11

[FAO] FooD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS. 2022. The State of
world fisheries and aquaculture 2022. Towards
blue transformation. Rome: FAO. 266 p. DOI:
https://doi.org/10.4060/cc0461en

Fazio F. 2019. Fish hematology analysis as an im-
portant tool of aquaculture: a review. Aquacultu-
re. 500: 237-242. DOL: https://doi.org/10.1016/j.
aquaculture.2018.10.030

Fuimorto RY, SANTANA CA, DE CARVALHO WLC,
Diniz DG, DE BARROS ZMN, VARELLA JDA,
GumMARAES MDF. 2009. Hematologia e parasi-
tas metazoarios de camurim (Centropomus un-
decimalis, Bloch, 1792) na regido bragantina,
Braganca-Para. Bol Inst Pesca. 35 (3): 441-450.
https://institutodepesca.org/index.php/bip/arti
cle/view/872/854.

GeLETU TT, ZHAO J. 2023. Genetic resources of
Nile tilapia (Oreochromis niloticus Linnae-
us, 1758) in its native range and aquaculture.
Hydrobiologia. 850 (10-11): 2425-2445. DOI:
https://doi.org/10.1007/s10750-022-04989-4

GOLDENFARB PB, BowYER FP, HALL E, Brosius E.
1971. Reproducibility in the hematology labo-
ratory: the microhematocrit determination. Am
J Clin Pathol. 56 (1): 35-39. DOI: https://doi.
org/10.1093/ajcp/56.1.35

GorTerMAN HL, Crymo RS, OHNSTAD MAM.
1978. Methods for physical and chemical anal-
ysis of freshwaters. Scientific Publications. IBP
Handbook. 8. Oxford: Blackwell. 213 p.

IsHikAwA NM, RANZANI-PAIVA MJT, LOMBARDI JV.
2008. Metodologia para quantificagdo de leu-
cocitos totais em peixe, Oreochromis niloticus.
Arch Vet Sci. 13: 54-63.

JERONIMO GT, SPEck GM, CECHINEL MM,
GONCALVES ELT, MaRrTINS ML. 2011. Seasonal
variation on the ectoparasitic communities of
Nile tilapia cultured in three regions in southern
Brazil. Braz J Biol. 71: 365-373. DOI: https://
doi.org/10.1590/S1519-69842011000300005

KorOLEFF F. 1976. Determination of ammonia.
In: GrassHOFF K, editor. Methods of seawater
analysis. Weinheim: Verlag Chemie. p. 126-133.

Lacerpa ACF, RoumBEDAKIS K, JUNIOR JB,
NUNER APO, PETRUCIO MM, MARTINS ML.
2018. Fish parasites as indicators of organ-
ic pollution in southern Brazil. J Helminthol.
92 (3): 322-331. DOI: https://doi.org/10.1017/


https://doi.org/10.2307/3284227
https://doi.org/10.2307/3284227
https://doi.org/10.3390/fishes8080414
https://doi.org/10.3390/fishes8080414
https://doi.org/10.1002/9781118250105.ch11
https://doi.org/10.1002/9781118250105.ch11
https://doi.org/10.4060/cc0461en
https://doi.org/10.1016/j.aquaculture.2018.10.030
https://doi.org/10.1016/j.aquaculture.2018.10.030
https://institutodepesca.org/index.php/bip/article/view/872/854
https://institutodepesca.org/index.php/bip/article/view/872/854
https://doi.org/10.1007/s10750-022-04989-4
https://doi.org/10.1093/ajcp/56.1.35
https://doi.org/10.1093/ajcp/56.1.35
https://doi.org/10.1590/S1519-69842011000300005
https://doi.org/10.1590/S1519-69842011000300005
https://doi.org/10.1017/S0022149X17000414

STALLBOHM ET AL.: HEMATOLOGICAL PARAMETERS AND PARASITISM IN TILAPIA RAISED IN RAS 617

S0022149X17000414

MARENGONI NG. 2006. Producao de tilapia do
Nilo Oreochromis niloticus (linhagem chi-
tralada), cultivada em tanques-rede, sob dife-
rentes densidades de estocagem. Arch Zoot.
55 (210): 127-138. https://www.redalyc.org/
pdf/495/49521001.pdf.

MENGIsTU SB, MULDER HA, BENZIE JA, KOMEN H.
2020. A systematic literature review of the major
factors causing yield gap by affecting growth,
feed conversion ratio and survival in Nile tilapia
(Oreochromis niloticus). Rev Aquacult. 12 (2):
524-541. DOI: https://doi.org/10.1111/raq.12331

MORAES AV, OwATARI MS, DA Sitva E, DE OLI-
VEIRA PEREIRA M, ProLA M, Ramos C, FARias
DR, ScHLEDER DD, JEsus GFA, JATOBA A.
2022. Effects of microencapsulated probiot-
ics-supplemented diet on growth, non-specif-
ic immunity, intestinal health and resistance
of juvenile Nile tilapia challenged with Aero-
monas hydrophila. Anim Feed Sci Technol. 287:
115286. DOL: https://doi.org/10.1016/j.anifeed
s¢i.2022.115286

Noaa EJ. 2010. Fish disease: diagnosis and treat-
ment. 2nd ed. Wiley-Blackwell. 536 p.

Owartarl MS, Da Sitva LR, FERREIRA GB, Ro-
DHERMEL JCB, DE ANDRADE JIA, DARTORA A,
JaToBA A. 2022b. Body yield, growth perfor-
mance, and haematological evaluation of Nile
tilapia fed a diet supplemented with Saccharo-
myces cerevisiae. Anim Feed Sci Technol. 293:
115453. DOL: https://doi.org/10.1016/j.anifeed
s¢i.2022.115453

Owatarl MS, Jesus GFA, CARDOSO L, LEHMANN
NB, MartiNs ML, MouriNo JLP. 2020. Can
histology and haematology explain inapparent
Streptococcus agalactiae infections and asymp-
tomatic mortalities on Nile tilapia farms? Res
Vet Sci. 129: 13-20. DOI: https://doi.org/10.10
16/1.1vsc.2019.12.018

Owatarl MS, MaGNoTTl C, MarTOos DDC, MEN-
DONGA RC, CASTILHO-BARROS L, STERZELECKI
FC. 2022a. Sistemas de recirculagdo e reuso de
agua na aquicultura: uma ferramenta para sus-

tentabilidade. In: BARBosA FC, editor. Ciéncias
agrarias: a multidisciplinaridade dos recursos
naturais. 10th ed. Piracanjuba: Editora Co-
nhecimento Livre. p. 65-90. DOI: https://doi.
org/10.37423/221206928

[PEIXEBR] BRAZILIAN ASSOCIATION OF PISCICUL-
TURE. 2023. Brazilian pisciculture yearbook.
edition 2023. Sao Paulo: PeixeBR. 65 p. [ac-
cessed 25 Nov 2023]. https://www.peixebr.com.
br/anuario/.

RaNzANI-PATVA MT]J, Sitva-Souza AT. 2004. He-
matologia de peixes brasileiros. In: RANZANI
Paiva MTJ, TAKEMOTO RM, PEREZ LizAMA
MLA, editors. Sanidade de organismos aquati-
cos. Sao Paulo: Editora Varela. p. 89-120.

ROSENFELD G. 1947. Corante pancromico para he-
matologia e citologia clinica. Nova combinacao
dos componentes do may-grunwald e do giemsa
num s6 corante de emprego rapido. Mem Inst
Butantan. 20: 329-335.

RoveEpa M, DE MENEZES CCA, BOLIVAR-RAMIREZ
NC, OwaTart MS, JATOBA A. 2024. Acidifying
remediation and microbial bioremediation de-
crease ammoniacal nitrogen, orthophosphates,
and total suspended solids levels in intensive
Nile tilapia farming under biofloc conditions.
Aquaculture. 580: 740292. DOI: https://doi.org/
10.1016/j.aquaculture.2023.740292

Sampaio JMC, BrRaGga LGT. 2005. Cultivo de tila-
pia em tanques-rede na barragem do Ribeirdo
de Saloméa-Floresta Azul-Bahia. Rev Bras Sau-
de Prod An. 6 (2): 42-52. http://www.uesc.br/
laboratorios/aquanut/635-2462-2-PB.pdf.

TAVARES-DIAS M, FausTinOo CD. 1998. Parametros
hematologicos da tilapia-do-Nilo Oreochromis
niloticus (Cichlidae) em cultivo extensivo. Ars
Vet. 14 (3): 254-263.

TAVARES-DI1AS M, ISHIKAWA MM, MARTINS ML, SA-
TAKE F, Hisano H, PAbua SBD, JERONIMO GT,
SA ARSD. 2009. Hematologia, ferramenta para
o monitoramento do estado de saude de peixes
em cultivo. In: SARAN NETO A, MARIANO WDS,
Soria SFP, editors. Topicos especiais em satl-
de e criacdo animal. Sdo Carlos: Pedro & Jodo


https://doi.org/10.1017/S0022149X17000414
https://www.redalyc.org/pdf/495/49521001.pdf%20
https://www.redalyc.org/pdf/495/49521001.pdf%20
https://doi.org/10.1111/raq.12331
https://doi.org/10.1016/j.anifeedsci.2022.115286
https://doi.org/10.1016/j.anifeedsci.2022.115286
https://doi.org/10.1016/j.anifeedsci.2022.115453
https://doi.org/10.1016/j.anifeedsci.2022.115453
https://doi.org/10.1016/j.rvsc.2019.12.018
https://doi.org/10.1016/j.rvsc.2019.12.018
https://doi.org/10.37423/221206928
https://doi.org/10.37423/221206928
https://www.peixebr.com.br/anuario/
https://www.peixebr.com.br/anuario/
https://doi.org/10.1016/j.aquaculture.2023.740292
https://doi.org/10.1016/j.aquaculture.2023.740292
http://www.uesc.br/laboratorios/aquanut/635-2462-2-PB.pdf
http://www.uesc.br/laboratorios/aquanut/635-2462-2-PB.pdf

618 MARINE AND FISHERY SCIENCES 37 (4): 609-618 (2024)

Editores. p. 43-80. Rep. 19: 100611. DOI: https://doi.org/10.1016/j.
TavarEs-Dias M, MARTINS ML. 2017. An overall aqrep.2021.100611

estimation of losses caused by diseases in the ZHANG XP, L1 WX, A1 TS, Zou H, Wu SG, WANG

Brazilian fish farms. J Parasit Dis. 41: 913-918. GT. 2014. The efficacy of four common an-

DOIL: https://doi.org/10.1007/s12639-017-0938-y thelmintic drugs and traditional Chinese me-
TimMmons MB, EMBELING JM. 2010. Recirculating dicinal plant extracts to control Dactylogyrus

Aquaculture System. 2nd ed. Ithaca: Editora vastator (Monogenea). Aquaculture. 420: 302-

Cayuga Aqua Ventures. 948 p. 307. DOI: https://doi.org/10.1016/j.aquacultu
VALENTI WC, BARROS HP, MORAES-VALENTI P, re.2013.09.022

Bueno GW, CavaLL1 RO. 2021. Aquaculture ZAR JH. 2009. Biostatistical analysis. 4th ed. New
in Brazil: past, present and future. Aquacult Delhi: Pearson Education. 662 p.


https://doi.org/10.1007/s12639-017-0938-y
https://doi.org/10.1016/j.aqrep.2021.100611
https://doi.org/10.1016/j.aqrep.2021.100611
https://doi.org/10.1016/j.aquaculture.2013.09.022
https://doi.org/10.1016/j.aquaculture.2013.09.022



