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Abstract

This study evaluated seasonality in hematological parameters of Nile tilapia cultured in the state of Santa Catarina,
southern Brazil. A total of 240 fish were examined during four seasons between April 2007 and March 2008 in three
different fish farms. After being anesthetised in a benzocaine solution, blood samples were withdrawn into syringes
containing a drop of 10% EDTA for hematological analysis. The results were compared between fish farms and seasons,
which are well delimited in southern Brazil. In a traditional fish farm in Joinville in the summer, there was an increase
in the percentage of hematocrit and in the red blood cell count. The highest values of total leukocytes were found
in fish from fee-fishing in Blumenau in the autumn while the lowest values occurred in those from swine consorted
system in Ituporanga in the summer. Thrombocytosis was observed in the autumn, and lymphocytosis was found in
both the autumn and winter in tilapia from all fish farms investigated. Neutrophilia was only observed in winter and
autumn in fish from Blumenau and Ituporanga. This work demonstrated the influence of seasonality and the handling
characteristics of each fish farm on certain hematological parameters in Nile tilapia.
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Influéncia da sazonalidade sobre os parametros
hematolégicos de tilapia-do-nilo cultivada no Sul do Brasil

Resumo

Neste presente estudo avaliou-se a influéncia da sazonalidade sobre os pardmetros hematoldgicos de tildpia-do-nilo
cultivada no estado de Santa Catarina, Sul do Brasil. Um total de 240 peixes foi examinado durante as quatro estacdes
do ano, entre abril de 2007 e marco de 2008 em pisciculturas de trés diferentes sistemas de cultivo. Apds anestesia
com benzocaina, amostras de sangue foram coletadas com seringas contendo EDTA 10% para andlise hematolégica.
Os resultados foram comparados entre as pisciculturas e as estagdes, as quais s3o bem definidas no Sul do Brasil. Nos
peixes de piscicultura tradicional em Joinville, no verao, houve aumento no hematdcrito e do nimero de eritrécitos.
Os maiores valores de leucdcitos totais foram observados no outono nos animais de pesque-pague em Blumenau,
enquanto os menores valores nos animais oriundos de piscicultura consorciada com suinos em Ituporanga no verao.
Trombocitose foi observada no outono, e linfocitose ocorreu tanto no outono quanto no inverno em tildpia de todas as
propriedades analisadas. Neutrofilia apenas foi observada no inverno e outono nos peixes de Blumenau e Ituporanga.
Este estudo demonstrou a influéncia da sazonalidade e das caracteristicas de manejo de cada piscicultura sobre os
parametros hematoldgicos de tildpia-do-nilo.
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1. Introduction

Hematological parameters are among the most important
indicators of fish health (De Pedro et al., 2005; Martins et al.,
2008), and changes in the proportion of blood cells may
be indicative of a disease or an exposure to chemicals
(De Pedro et al., 2005). Hematology must be analysed
when animals are exposed to environmental changes due
to pollutants (Ranzani-Paiva and Godinho, 1985), stress
(Martins et al., 2004a), infections (Benli and Yavuzcan,
2004; Martins et al., 2008), parasitism (Martins et al.,
2004b) and seasonality (De Pedro et al., 2005).

The Nile tilapia, Oreochromis niloticus Linnaeus 1766,
a cichlid fish, is a species of economic importance for the
south of Brazil. This species supports the most profitable
business for fish farmers and presents an alternative to fee
fishing, production or swine-consorted systems (Souza-
Filho et al., 2003).

In Brazil, hematological variables in tilapia have been
studied in several different situations (Tavares-Dias et al.,
2000; Tavares-Dias and Moraes, 2003, Martins et al.,
2004a). In southern Brazil, Azevedo et al. (2006a,b)
and Ghiraldelli et al. (2006a) reported on hematological
parameters of Nile tilapia from different production systems.
However, the influence of seasonality on hematological
parameters in farm-raised fish has not been documented
to date.

Although hematology has been examined in several
studies, few studies have related seasonality to blood cell
parameters. In Brazil, Ranzani-Paiva et al. (2005) showed
changes in the hematological parameters in tilapia from
the Guarapiranga reservoir, southeast Brazil examined
from August 1996 to April 1998. Hofer et al. (2000) found
erythropoiesis and a high abundance of lymphocytes. On
the other hand, hematological parameters in the tench
(Tinca tinca Linnaeus, 1758) were found to be related to
seasonality by De Pedro et al. (2005).

The aim of this study was to analyse the hematological
parameters of Nile tilapia raised in three different production
systems during the well-characterised seasons (spring,
summer, autumn, winter) of southern Brazil.

2. Materials and Methods

A total of 240 reverted tilapia were collected between
April 2007 and March 2008, with 20 specimens collected in
each season from three different production systems located
in the cities of Joinville (26° 24° 52 S, 48° 50” 44” W),
Blumenau (26° 55° 10 S, 49° 03’ 58” W) and Ituporanga
(27°24°52°°S, 49°36°09°’), in the state of Santa Catarina,
southern Brazil. The mean lengths and weights of the
fish were 21.2 + 3.7 cm and 236.9 + 128.9 g in fish from
Joinville; 26.3 + 4.0 cm and 348.9 = 151.0 g in fish from
Blumenau; and 26.0 + 2.8 cm and 486.4 + 198.5 g in fish
from Ituporanga, respectively.

During sampling days the aquatic parameters such as
pH, temperature, dissolved oxygen and transparency were
measured on each sampling day at 9 AM A 500 mL water
sample was frozen for ammonia analysis at each site on
each sampling day (Grasshoff, 1976) (Table 1). Fish were
anesthetised in a benzocaine solution (50 mg.L™") and a
2 mL blood sample was taken from the caudal vein using
a syringe containing a drop of 10% EDTA solution (Ethic
Committee n° 23080055748/2006-04/CEUA/UFSC).
The blood was used to measure hematocrit percentage
(Goldenfarb et al., 1971), the number of red blood cells
(RBC) was determined using a hemocytometer Neubauer
chamber, while the numbers of white blood cells (WBC)
and thrombocytes were obtained using an indirect method
(Ishikawa et al., 2008). The differential count of leucocytes
was done using a combination of Giemsa/May-Grunwald
(Rosenfeld, 1947) staining in which a hundred cells were
counted to determine the cell percentage.

Table 1. Handling characteristics of fish farm in each region of the state of Santa Catarina, southern Brazil.

Localities
Characteristics Traditional fish Fee-fishing Consorted with pig
farm Joinville Blumenau manure Ituporanga
Culture system Production of fingerlings Fee fishing Swine consorted
and juveniles
Area (ha) 2.35 0.8 8
Stocks (fish/m?) 0.75 2 35t04
Feeding 1 time a day 1 time a day 2 times a day at the
end of culture
Type of diet Comercial diet Comercial diet Comercial diet
28% crude protein 32% crude protein 32% crude protein
Aeration In emergency cases 3 times a day No
Fish entrance No Yes No
Water renewal 10% a day - No renewal
Water quality monitoring Yes No Yes
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The means of the analysis were compared using
variance analysis and a t-test at a 5% probability level
(Zar, 1999). The results were compared among seasons
in each facility and among facilities within each season.
The water analysis was not compared statistically because
the measurements were taken only on the sampling day.
Hence, these data are just descriptive.

3. Results

Table 1 summarises the handling conditions used in
each facility. There was no variation in pH throughout
the study period. The lowest oxygen levels were observed
in Ituporanga during summer and winter and the highest
water temperatures in Blumenau were registered in spring
and summer (Table 2). Ammonia levels, as well as water
transparency, were similar both in fee-fishing and in the
consorted fish with pig manure. This fact can be attributed
to the conditions of each farm, which present higher or
lower input of organic matters. On the other hand, in
the traditional fish farm with continuous flow of water,
ammonia levels were lower and the water transparency
higher than that observed in the other facilities.

In autumn, fish from Blumenau showed the highest
(p < 0.05) numbers of RBC (Table 3). In winter, fish from
ITtuporanga had high RBC, WBC and thrombocyte counts.
On the other hand, lower RBC, WBC and thrombocyte
counts were found in spring in fish from the Joinville
facility. In summer, hematological parameters did not
vary significantly (p > 0.05) among the facilities (Table 3).

With regards to the hematocrit, fish from Joinville
showed high values (p < 0.05) in summer, while fish
from Ituporanga showed lower values during winter and

spring. Significant increases (p < 0.05) in the RBC and total
thrombocyte count were observed in fish from Joinville
during autumn. Fish captured in Blumenau showed an
increase in RBC and WBC numbers in autumn. However,
the total thrombocyte count was significantly reduced
(p < 0.05) in summer. In the municipality of Ituporanga,
an increase in hematocrit was found during autumn and
summer, while the RBCs and WBCs increased in winter.
Reduced total thrombocyte counts in fish from Ituporanga
were related (Table 3).

There was an increase (p < 0.05) in the number of
monocytes in fish from Blumenau in autumn and winter
compared to that observed in the other facilities (Table 4).
The highest numbers of monocytes were observed in
fish from Joinville in winter and Blumenau in autumn
and winter. Nevertheless, an increase in the lymphocyte
number in fish from Ituporanga in winter and spring was
observed. Apart from the other seasons, these cell counts
were higher in fish from Ituporanga. Fish examined in
Blumenau showed an increase in lymphocyte counts in
winter, spring and summer. A large number of circulating
neutrophils (p < 0.05) was also related in fish from Joinville
in spring and in those from Ituporanga in the autumn.
Basophil levels in the circulating blood were low and
there were no differences between the different seasons
and facilities (p > 0.05).

4. Discussion

Water quality was within the tolerated limits for
tilapia in terms of oxygen levels and variations in pH
(Zaniboni-Filho, 2004). The other variables, measured
from the three study facilities, were maintained adequate

Table 2. Water quality of ponds measured on the sampling day in each season in the state of Santa Catarina, southern Brazil.

Autumn Winter Spring Summer
Parameters
Traditional fish farm Joinville
Dissolved oxygen (mg.L™") 8.94 6.2 5.33 5.86
Transparency 38 77 31 48
pH 7.7 7.5 6.5 6
Ammonia (mg.L™") 0.5 0.3 0.5 0.15
Temperature (°C) 20.3 18.1 22.5 229
Fee-fishing Blumenau
Dissolved oxygen (mg.L™") 5.77 4.1 4.46 4.44
Transparency 11 15 15 8
pH 7.02 7.2 7.4 7.32
Ammonia (mg.L™") 0.26 0.19 0.68 1.9
Temperature (°C) 16.8 19 24.8 26.5
Consorted with pig manure Ituporanga

Dissolved oxygen (mg.L™") 7.95 2.34 6.12 2.75
Transparency 15 22 10 10
pH 7.07 7.01 7.22 6.85
Ammonia (mg.L™") 0.39 1.2 0.89 0.79
Temperature (°C) 15.8 234 23.7 22.4
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Table 3. Mean values and standard deviation of hematological parameters in Nile tilapia in each season and facilities from
the state of Santa Catarina, southern Brazil.

Parameters

Autumn

Winter

Spring

Summer

Traditional fish farm — Joinville

Hematocrit (%)
Erythrocytes (x10°.uL™")
Thrombocytes (x10°.uL™)
Leukocytes (x10°.uL™")

24.85 +3.62F
1.48 £2.15®

62.55 £ 12.96"8
37.73 £ 10.98*

24.60 + 3.22°®
1.09 £0.51%

26.77 = 15.49%8
33.96 + 18.27*®

28.00 + 4.55
1.09 £ 0.27%8

25.23 = 11.10*®
25.73 = 13.37**8

29.90 +3.81
1.57 £0.374

10.99 £ 5.234
45.74 + 19.87

Fee-fishing — Blumenau

Hematocrit (%)
Erythrocytes (x10°.uL™")
Thrombocytes (x10°.uL™)
Leukocytes (x10°.uL™)

31.05 £ 6.68**
2.55+0.92:4

82.87 £36.17*
68.51 +£22.37*

28.85 + 6.86
1.41 £0.27%8

38.49 + 13.99"®
38.96 + 11.40°

29.80 + 3.46
1.49 £ 0.39"

36.44 = 11.51%
32.70 £ 16.04"®

32.58 £ 0.65*
1.38 £ 0.40°*

8.47 £5.134
28.34 = 10.89*8

Consorted with pig manure — Ituporanga

Hematocrit (%)
Erythrocytes (x10°.uL™")
Thrombocytes (x10%.uL™")
Leukocytes (x10°.uL™")

33.40 + 3.19*4
1.65 £ 0.25

75.48 + 16.37*8
51.21 = 13.46%8

27.83 = 6.00°8
2.19 +£0.79*4
59.10 £20.81*
73.68 £29.414

28.18 +3.85"
1.51 £0.45bA

39.05 £ 16.70"
50.10 = 19.38"

32.58 +2.86*
1.29 £ 0.39

10.03 £5.714

31.58 + 13.74<®

Capital letters indicate significant difference among facilities in each season and lowercase letters indicate the difference

at the same facility (p < 0.05).

Table 4. Mean values and standard deviation of hematological parameters in Nile tilapia in each season and facilities from
the state of Santa Catarina, southern Brazil. Capital letters indicate significant difference among facilities in each season and
lowercase letters indicate the difference at the same facility (p < 0.05).

Autumn Winter Spring Summer
Parameters o .
Traditional fish farm — Joinville
Monocytes (x10°.uL™) 0.45 £ 0.4308 1.06 £0.91:® 0.76 £ 0.914 0.19£0.11®
Lymphocytes (x10°.uL™) 35.14 £ 9.67% 31.89 £ 18.18 21.47 £ 13.98"® 1.80 £0.77¢
Neutrophils (x10°.uL™) 2.14 + 1.82%8 1.00 + 1.04%8 16.80 = 151.87*4 0.27 +0.27°¢
Basophils (x10°.uL™) 0 0.01 +0.04* 0.02 +0.07** 0.02 + 0.04*
Fee-fishing — Blumenau
Monocytes (x103. .uL™") 5.055 +0.94+ 3.47 +£0.26 1.29 + 0.86" 1.38 £0.25%
Lymphocytes (x10°.uL™") 47.73 £ 19.10*4 25.97 £ 6.58" 25.57 £ 11.17" 23.84 +9.46°
Neutrophils (x10°.uL™") 16.05 + 7.14%4 9.87 + 5.84% 5.91 + 5,738 2.78 £2.01<A
Basophils (x10°.uL™") 0 (058 0.02 + 0.06** 0.04 +0.12*
Consorted with pig manure — Ituporanga

Monocytes (x103.uL™") 1.52 + 1.39: 1.63 +1.92:® 0.70 £ 0.70:4 0.98 +(0.92:1B
Lymphocytes (x10°.uL™") 4598 + 11.344 67.68 + 24.55* 48.17 + 18.49% 29.26 + 13.234
Neutrophils (x10%.uL™") 125.62 + 77.44 434 £4.97% 1.23 £ 1.02% 1.37 + 1.29%
Basophils (x10°.uL™") 0 0 0 0

for aquaculture (Simdes et al., 2008; Tavares-Dias et al.,
2008). The highest values of dissolved oxygen observed
in a pond of Joinville facility may have been related to
the daily water renewal that was responsible for the high
water clarity at this site in comparison to other facilities.
In Ituporanga, low levels of oxygen in winter and summer
were likely due to water stratification since this system
does not present continuous flow of water. According to
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Souza Filho et al. (2002) this normally occurs in consorted
swine system. Low water quality in ponds located in
Blumenau and Ituporanga were likely related to the lack
of control in the fish stocking density and in the deposition
of swine manure, respectively. The pH was kept within
a typical range of values, but the highest ammonia levels
observed in ponds of the Ituporanga facility did not cause
fish mortality as registered by Azevedo et al. (2006a). Even
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though the water temperature had not been keeping on the
recommended range for tilapia, which is between 27 and
32 °C (Kubitza, 2000), no behaviour changes were observed.

However, fish maintained in different production
systems may present hematological changes that are
reflective of their health status or an imbalance in their
physiology (Ghiraldelli et al., 2006a).

Certain hematological characteristics showed seasonality
throughout this period. An increase in the percentage of
hematocrit and in the RBC of fish from Joinville in the
summertime was in agreement with the results observed
in tench (Guijarro et al., 2003; De Pedro et al., 2005).
The high number of erythrocytes must be related to the
“respiratory compensation” mechanism. According to
Guijarro et al. (2003), this compensation is necessary for
fish to keep high oxygen availability to tissues. At low
temperatures, a decrease in RBC in cyprinids (Phreatichthys
andruzzii); (Frangioni et al., 1997) characterised the
smallest erythropoiesis in winter (Hofer et al., 2000). In
this study, an increase in the number of RBC in fish from
Ituporanga in winter might be related to low dissolved
oxygen levels in which fish were trying to supply a demand
for tissue oxygen in those conditions. Contrary to what
was here observed, constant values of RBC were verified
by Hofer et al. (2000).

The leukocytosis observed in fish from the Blumenau
facility in autumn did not differ from that observed by De
Pedro et al. (2005), who verified an increased number
of WBC only in spring. On the other hand, the results
of this study regarding leukocytosis corroborated the
results of Guijarro et al. (2003). Leukocytes are cells
that are directly associated with specific and unspecific
immunological responses (Iwama and Nakanishi, 1996).
An increase in the number of WBC in fish from Blumenau
in autumn could be related to the fish culture handling
in this facility, characterised by a high influx of fish as a
result of stress (Martins et al., 2004a). On the contrary,
leucopenia, observed in fish from Ituporanga in summer,
might be associated with water quality as suggested by
Lea Master et al. (1990). Leukocyte levels in blood vary
according to environmental quality (Lea Master et al.,
1990), nutritional state (Barros et al., 2002), the presence
of infectious agents (Martins et al., 2008) and parasitism
(Martins et al. 2004b). In this study, changes in fish
from Ituporanga could be explained by the high water
temperature observed in this location in summer, which
would allow the decomposition of organic matter and/or
swine manure. This situation would mobilise leukocytes
to other organs (Ghiraldelli et al., 2006b). Therefore,
these results demonstrated that there is seasonality in
blood parameters in Nile tilapia, primarily in the number
of RBCs and WBCs throughout the year.

In autumn, fish from all regions showed an increased
number of total thrombocytes, which are the cells responsible
for blood coagulation (Clauss et al., 2008) and defense
response (Tavares-Dias et al., 2007; Martins et al., 2008).
In addition to macrophages, these cells have been found in
the inflammatory exudates of fish (Matushima and Mariano,
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1996; Martins et al., 2006). The low circulating number of
thrombocytes in summer suggests the welfare of fish. It can
also be commented on the higher number of thrombocytes
in fish from Ituporanga in winter and spring, which
received swine manure. The thrombocytopenic response
as a result of releasing clotting factors in tissue damage
conditions was suggested by Rahkonen and Pasternack
(1998). However, in months of low water temperatures
the immune response would be compromised and these
cells could have an important role besides other cells.

Fish lymphocytes may be present in the inflammatory
process and/or in cell-mediated humoral responses under
different conditions (Iwama and Nakanishi, 1996).
Lymphocytosis in fish from the Joinville and Blumenau
facilities in autumn presented the same results when
compared to Arctic char (Hofer et al., 2000), but differed
from those found in tilapia by Ranzani-Paiva et al. (2005),
who observed lymphocytosis in summer in southeast Brazil.

Lymphocytes are directly involved in the immunological
responses of fish (Iwama and Nakanishi, 1996) and high
numbers of lymphocytes, such as those observed in tilapia
in autumn and winter, suggest stability in organisms. In
tilapia, under normal conditions without the influence of
stressors, lymphocytes are the most predominant cells
(Ranzani-Paiva and Silva-Souza, 2004; Martins et al., 2004a;
2008). In contrast, lymphocytosis occurs in situations of
chronic inflammatory infiltration (Iwama and Nakanishi,
1996). In tench, there was no observed change in the number
of lymphocytes throughout the year (Guijarro et al., 2003;
De Pedro et al., 2005).

Neutrophilia of fish from Blumenau and Ituporanga
in autumn showed similar results to those of Ranzani-
Paiva et al. (2005) in tilapia and De Pedro et al. (2005)
in tench. However, these results were not in agreement
with the findings of Guijarro et al. (2003), who did not
observe a relationship between granulocytes in different
seasons of the year. In Southern Brazil, neutrophilia have
been found in tilapia from fee fishing as a result of fish
capture (Ghiraldelli et al., 2006a). The fish kept in facilities
associated with swine production showed the highest
number of circulating neutrophils due to the poor water
quality and the high organic matter content, as suggested
by Azevedo et al. (2006b). Neutrophils are cells responsible
for phagocytosis and unspecific responses (Iwama and
Nakanishi, 1996; Garcia-Navarro and Pachaly, 1994).
For example, neutrophilia was observed under stressful
conditions (Hofer et al., 2000; Martins et al., 2004a)
and in response to parasitism (Silva-Souza et al., 2000;
Tavares-Dias et al. 2008) and infection (Martins et al.,
2004b). However, the number of granulocytes in the
circulating blood could vary according to water quality
(Lea Master et al., 1990; Barros et al., 2002). The high
number of these cells in autumn, when water temperatures
were maintained below those recommended for tilapia,
might also be associated with the defense mechanisms of
fish in this location (Ghiraldelli et al., 2006a).

In conclusion, these results indicate a seasonal influence
of some hematological parameters in Nile tilapia. However,
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the handling conditions of each fish farm did interfere with
the studied variables. Hematology is thus an important and
practical tool for evaluating the physiological and health
status of fish in aquaculture facilities.
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