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Abstract
The objective of this study was to characterize and compare the hematological variables (erythrogram, thrombogram, 
leukogram and plasma metabolites) of three cichlid species: Cichla monoculus, Cichla temensis and Cichla vazzoleri. 
A total of 45 specimens were captured in Balbina lake, Presidente Figueiredo, Amazonas, Brazil, with the aid of a rod 
and reel or hand line, with natural or artificial bait: 15 C. monoculus, 15 C. temensis and 15 C. vazzoleri. Their blood 
was removed by means of caudal puncture of the dorsal aorta, and hematological data were determined in accordance 
with methodology previously described in the literature. The erythrogram showed similarities between the species, 
while the thrombogram showed differences between C. vazzoleri and the other species studied (C. monoculus and 
C. temensis). The total leukocyte counts for C. temensis and C. vazzoleri were higher than those of C. monoculus. 
The predominant leukocyte in C. temensis and C. vazzoleri was lymphocytes, whereas it was monocytes in C. monoculus. 
The plasma metabolites showed differences between the three cichlid species, regarding their glucose, cholesterol, urea 
and potassium levels. It is concluded that these three species present hematological differentiation, thus indicating that 
they have differentiated blood-cell immune responses and plasma metabolite physiology.

Keywords: Amazon region, cichlid fish, blood, welfare, comparison.

Parâmetros hematológicos de três espécies de tucunarés (Cichla spp.) do lago 
de Balbina, Presidente Figueiredo, Amazonas, Brasil

Resumo
O presente trabalho teve por objetivo caracterizar e comparar as variáveis hematológicas (eritrograma, trombograma, 
leucograma e metabólitos plasmáticos) de três espécies de tucunarés Cichla monoculus, Cichla temensis e Cichla 
vazzoleri. Um total de 45 animais foi capturado no lago de Balbina, Presidente Figueiredo, Amazonas, com auxílio de 
vara e carretilha, linha de mão com isca natural e artificial, sendo 15 C. monoculos, 15 C. temensis e 15 C. vazzoleri. 
O sangue foi retirado por punção caudal da aorta dorsal e os dados hematológicos foram determinados de acordo com 
metodologia previamente descrita na literatura. No eritrograma foram observadas similaridades entre as espécies, o 
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1. Introduction

Peacock bass are species in the order Perciformes and 
family Cichlidae. This family stands out among bony fish, 
not only because of its large number of species (nearly 1300), 
but also because of its wide geographical distribution 
(Kullander, 1998). These species encompass individuals 
that present size variations from small to large, as well as 
wide differences in coloration patterns (Kullander, 1998).

Among the cichlids, species of the genus Cichla are 
prominent. These have great ecological importance: they 
are considered to be predators at the top of the food chain, 
with piscivorous habits (Kullander and Ferreira, 2006; 
Santos et al., 2006). They are edible fish, and form the 
main white group for sport fishing in the Amazon region.

Blood parameters have been used to monitor fish health, 
determine occurrences of stress and aid in analyses on the 
general state of fish population health (Tavares-Dias and 
Moraes, 2004, 2007; Pavlidis et al., 2007; Aride et al., 2007, 
2010, 2018; Ferreira et al., 2013; Oliveira et al., 2017a, b).

Erythrograms can be used to diagnose anemia and to 
characterize different fish population strategies regarding 
their metabolic demand for oxygen (Wilhelm Filho et al., 
1992). They are also the main indicator for different 
physiological strategies relating to environmental variations 
(Val et al., 1992; Almeida-Val et al., 1999).

Quantification of leukocytes (white series) in blood 
provides an indication of the state of immunological defense 
(Tavares-Dias and Moraes, 2007; Pavlidis et al., 2007). 
Analysis on plasma metabolites enables correlations with 
feeding, body ion regulation and the integration between 
the organism and the atmosphere.

One characteristic of fish is their wide interspecific 
hematological variation (Parma-Croux, 1994; 
Tavares‑Dias  et  al., 2004; Kori-Siakpere  et  al., 2005; 
Tavares-Dias and Moraes, 2007). In general, these variations 
are attributed to genetic variations such as nutritional 
state, sex, age, capture stress, manipulation procedures 
and blood sampling (Tavares-Dias and Moraes, 2004; 
Kori-Siakpere et al., 2005).

Although hematological evaluation of fish is a valuable 
tool, progress in establishing hematological parameters 
is slow and the literature is fragmented and frequently 
incomplete (Kori-Siakpere et al., 2005). Among the gaps 
in the literature are data relating to peacock bass species.

The aim of the present study was to characterize and 
compare the hematology of three species of peacock bass 
from Balbina lake, Presidente Figueiredo, Amazonas, Brazil.

2. Material and Methods
The Balbina hydroelectric power station is located on 

the Uatumã river, 155 km to the north of the capital of the 
state of Amazonas (Manaus). Fish were caught with the 
aid of professional fishermen. Natural and artificial baits 
and boats and nets were used. Four field collections were 
accomplished and 67 specimens of peacock bass were 
caught. These comprised 30 specimens of Cichla monoculus, 
22 of Cichla temensis and 15 of Cichla vazzoleri. Blood 
samples were collected by means of puncturing the dorsal 
aorta using disposable syringes containing the anticoagulant 
heparin (5000 IU).

Immediately after the blood samples had been collected, 
biometry was done, consisting of measurement of total 
length (cm) using a measuring tape and body weight (g) 
using portable scales. After these handling procedures, the 
fish were returned to the natural environment.

Hematocrit (Ht, %) was determined using the 
microhematocrit technique. Hemoglobin concentration 
([Hb], g/dL) was determined in accordance with the 
cyanmethemoglobin method. Red blood cell counts 
(RBC, millions/mm3) were done in a Neubauer chamber 
using an optical microscope. After obtaining these 
parameters, the following blood indices were determined: 
mean corpuscular volume (MCV, fL), mean corpuscular 
hemoglobin (MCH, pg) and mean corpuscular hemoglobin 
concentration (MCHC, g/dL), in accordance with the 
methodology described by Wintrobe (1934).

Characterization and morphological identification of 
the blood cells followed the methodology of Tavares-Dias 
and Moraes (2004), after making extensions and doing 
staining with May-Grünwald-Giemsa-Wright (MGGW) 
(Tavares-Dias and Moraes, 2003; Oliveira et al., 2011, 
2016, 2017c). Differential leukocyte counts were done on 
blood extensions and the percentage of each cell component 
was determined. These blood extensions were also used 
to estimate leukocyte counts and total thrombocyte counts 
(Tavares-Dias et al., 2004).

After blood separation by means of centrifugation, 
plasma samples were immediately frozen in liquid 
nitrogen. The levels of glucose (g/dL), total proteins (g/dL), 
triglycerides (mM/L), cholesterol (mM/L) and urea (mM/L) 
were ascertained using specific enzyme kits (Labtest) and 
were read by means of spectrophotometry. The sodium 
(mEq/L), potassium (mEq/L) and chloride (mM/L) plasma 
ion levels were also ascertained, using enzyme kits (Labtest) 
that were specific for each constituent. These levels were 
also read by means of spectrophotometry.

trombograma demonstrou diferenças entre o C. vazzoleri e as demais espécies estudadas (C. monoculus e C. temensis), a 
contagem total de leucócitos demonstrou que em C. temensis e C. vazzoleri os valores são superiores ao C. monoculus. 
Foi demonstrado que os linfócitos foram às células predominantes em C. temensis e C. vazzoleri, diferentemente do 
C. monoculos que apresentou como leucócito predominante os monócitos. Nos metabólitos plasmáticos, foi possível 
observar diferenças entre as três espécies de tucunarés nos níveis de glicose, colesterol, uréia e potássio. Conclui-se 
que as três espécies de tucunarés apresentam diferenciação hematológica, indicando que as mesmas possuem respostas 
diferenciadas, na resposta imunológica de suas células do sangue e na fisiologia dos metabólitos plasmáticos.

Palavras-chave: Amazônia, peixe ciclídeo, sangue, bem estar, comparação.
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Water samples were collected to determine the temperature 
(°C), pH and dissolved oxygen levels (mg/L) (Digital 
WTW-310i; WTW, Germany). The Shapiro-Wilk normal 
distribution test was performed on the data. The blood 
parameters and water quality were compared among the 
experimental treatments by means of the Kruskal-Wallis 
test. The LSD test was used for multiple comparisons and 
p < 0.05 was taken to be the statistical significance level. 
All of the analyses mentioned above were based on Zar 
(1999) and Siegel and Castellan (2006).

3. Results

The mean values and standard deviations of the biometric 
measurements and the red series of Cichla monoculus, 
Cichla temensis and Cichla vazzoleri are reported in 
Table 1. There was a statistically significant difference in 
total length between C. temensis and C. vazzoleri, while 

the lengths of C. temensis and C. monoculus were similar. 
However, regarding weight, no statistical differences were 
observed between the species.

The presence of red blood cells, thrombocytes, 
lymphocytes, heterophils and basophils was observed in 
the blood samples of the three species of peacock bass. 
The   thrombogram showed similarity among the three 
species investigated (Table 2). The total leukocyte counts 
in C. temensis were higher than those of the other species. 
It was demonstrated that lymphocytes were predominant in 
C. temensis and C. vazzoleri, but this was not repeated in 
C. monoculus, in which monocytes predominated (Table 2).

Table 3 shows the plasma metabolite results. There were 
significant differences among the three species of peacock 
bass in relation to almost all the parameters analyzed, 
except for cholesterol and sodium levels. Table 4 shows 
the physical parameters of water at the location where 

Table 1. Biometrics and erythrogram (mean ± standard deviation; minimum-maximum) of three species of peacock bass 
(Cichla spp.) from Balbina Lake, Presidente Figueiredo, Amazonas, Brazil.

Variables C. monoculus C. temensis C. vazzoleri
Total length (cm) 26.44 ± 2.68ab 29.16 ± 6.63a 25.16 ± 3.01b

(21.00-30.00) (18.00-48.00) (21.00-29.00)
Weight (g) 425.72 ± 93.03a 457.95 ± 273.26a 313.50 ± 75.75a

(260.00-620.00) (148.00-1054.00) (220.00-430.00)
Hematocrit (%) 40.37 ± 1.17a 40.48 ± 1.59a 40.40 ± 1.06a

(38.61-42.13) (38.10-42.86) (38.82-41.98)
Hemoglobin (g.dL-1) 5.69 ± 0.46a 5.55 ± 0.36a 5.66 ± 0.34a

(5.00-6.38) (5.01-6.09) (5.16-6.17)
RBC (million/µL) 1.84 ± 0.20a 1.79 ± 0.28a 1.70 ± 0.19a

(1.54-2.14) (1.38-2.21) (1.41-1.99)
MCV (fL) 222.94 ± 25.94a 234.82 ± 31.70a 246.11 ± 20.46a

(184.03-261.85) (187.27-282.37) (215.43-276.80)
MHC (pg) 31.63 ± 4.14a 32.98 ± 3.71a 34.39 ± 2.86a

(25.42-37.83) (27.41-38.54) (30.11-38.68)
MCHC (g.dL-1) 14.18 ± 0.85a 13.86 ± 0.90a 14.19 ± 1.12a

(12.91-15.46) (12.51-15.22) (12.51-15.87)
Different letters represent statistically significant differences (p <0.05).

Table 2. Thrombogram and leukogram (mean ± standard deviation; minimum-maximum) of three species of peacock bass 
(Cichla spp.) from Balbina Lake, Presidente Figueiredo, Amazonas, Brazil.

Variables C. monoculus C. temensis C. vazzoleri
Thrombocytes (µL) 1,394.23 ± 78.42a

(1,276.59-1,511.87)
1,529.93 ± 84.78a  

(1,402.75-1,657.10)
1,145.1 ± 582.37b

(272.15-2,019.26)
Leukocytes (µL) 4,228.46 ± 1,518.83a

(1,950.22-6,506.70)
5,279.90 ± 1,361.12b

(3,238.22-7,321.58)
4,794.20 ± 918.40ab

(3,416.60-6,171.80)
Lymphocytes (µL) 1,565.37 ± 779.18a

(396.60-2,734.14)
1,868.31 ± 599.64a

(968.86-2,767.77)
1,846.24 ± 910.53a

(480.45-3,212.03)
Monocytes (µL) 1,638.81 ± 1,123.52a

(46.47-3,324.09)
1,324.00 ± 615.39a

(400.91-2,247.09)
1,665.82 ± 508.00a

(903.82-2,427.82)
Heterophils (µL) 754.86 ± 265.71a

(356.30-1,153.43)
1,010.08 ± 363.94a

(464.17-1,555.99)
950.38 ± 269.65a

(545.90-1,354.86)
Basophils (µL) 109.68 ± 49.90a

(34.83-184.53)
108.90 ± 62.83a

(14.65-203.15)
140.26 ± 67.79a

(38.57-241.94)
Different letters represent statistically significant differences (p < 0.05).
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three species of peacock bass, no statistical differences 
were found between the three species (C. monoculus, 
C. temensi and C. vazzoleri).

4. Discussion

The Ht values of the erythrogram were similar among the 
species of peacock bass of Balbina lake. These individuals 
presented values that were higher than those of C. temensis 
(23.9 ± 2.1%) found by Tavares‑Dias et al. (2011) and 
lower than those of C. monoculus (58.0 ± 1.0%) found by 
Ranzani-Paiva et al. (2000). The variations among fish of 
the same genus were related to the methodology used in 
each of the previous studies. In a study on Cichla temensis 
by Tavares-Dias  et  al. (2004), the anticoagulant used 
was 10% EDTA, while in a study on Cichla monoculus 
by Ranzani-Paiva  et  al. (2000), heparin was used. 
The  hematocrit values and hemoglobin concentrations 
are greater in samples for which heparin was used than 
in samples for which EDTA was used, among the same 
fish (Tavares-Dias and Sadrim, 1988).

The Hb values were similar (p>0.05) among the 
three species: 5.69 g.dL-1, 5.55 g.dL-1 and 5.66 g.dL-1 for 
C. monoculus, C. temensis and C. vazzoleri respectively. 
However, in a study by Tavares-Dias  et  al. (2011) on 

C.  temensis from fish farming, the values were higher 
(6.3 ± 0.6 g.dL-1) than those of the species investigated 
in the present study. This was also observed in a study by 
Ranzani-Paiva et al. (2000), in which values of 8.2 ± 0.5 g.dL-1 
were found among specimens of C. monoculus originating 
from the Paraná river.

The RBC values were similar among the three species 
of peacock bass from Balbina lake, thus indicating that 
similar red cells were produced among the species 
investigated. In the study by Tavares-Dias et al. (2011) on 
C. temensis, the RBC values were 1.42 ± 0.12 million/µL, 
i.e. lower than those of the peacock bass from Balbina 
lake. The MCV values were similar among the species and 
were higher than those in C. monoculus (197.5 ± 1.8 fL) 
found by Ranzani-Paiva et al. (2000) and in C. temensis 
(168.3 ± 4.6 fL) found by Tavares-Dias et al. (2011).

The MCH was higher than what was reported by 
Tavares‑Dias et al. (2011) for C. monoculus (27.9 ± 1.0 pg). 
For the MCHC, there was a difference between the species 
C. monoculus and C. temensis. The MCHC values of the 
three peacock bass species were lower (26.4 ± 1.2 g/dL) 
than those found in C. temensis by Tavares-Dias et al. (2011) 
and similar to those of C. monoculus (14.1 ± 0.6 g/dL) 
reported by Ranzani-Paiva et al. (2000).

Table 3. Plasma metabolites (mean ± standard deviation; minimum–maximum) of three species of peacock bass (Cichla spp.) 
from Balbina lake, Presidente Figueiredo, Amazonas, Brazil.

Variables C. monoculus C. temensis C. vazzoleri
Total protein (g.dL-1) 1.01 ± 0.24a

(0.65-1.37)
0.84 ± 0.26a

(0.44-1.24)
0.72 ± 0.21a

(0.40-1.03)
Glucose (mg.dL-1) 25.92 ± 5.70a

(17.38-34.47)
34.00 ± 3.66b

(28.51-39.50)
27.70 ± 4.93a

(20.31-35.09)
Triglycerides (mM.L-1) 0.61 ± 0.25a

(0.24-0.98)
0.61 ± 0.11a

(0.45-0.78)
0.55 ± 0.10a

(0.40-0.71)
Total cholesterol (mM.L-1) 1.36 ± 0.44a

(0.70-2.03)
0.89 ± 0.19b

(0.61-1.18)
0.94 ± 0.22b

(0.61-1.28)
Urea (g.dL-1) 0.65 ± 0.14a

(0.45-0.85)
0.54 ± 0.12b

(0.36-0.73)
0.52 ± 0.08b

(0.40-0.63)
Chloride (mM.L-1) 128.07 ± 9.30a

(114.12-142.02)
120.56 ± 7.79a

(108.88-132.24)
128.73 ± 9.25a

(114.85-142.61)
Sodium (mM.L-1) 121.65 ± 7.79a

(109.97-133.33)
121.67 ± 4.62a

(114.74-128.60)
118.20 ± 5.06a

(110.61-125.79)
Potassium (mM.L-1) 8.26 ± 0.61a

(7.34-9.17)
10.28 ± 142b

(8.15-12.41)
9.39 ± 1.46b

(7.20-11.59)
Different letters represent statistically significant differences (p < 0.05).

Table 4. Physical parameters (mean ± standard deviation; minimum-maximum) of water from Balbina Lake at the location 
where three species of peacock bass (Cichla spp.) were caught.

Variables C. monoculus C. temensis C. vazzoleri
pH 5.23 ± 0.64a

(4.27-6.19)
4.92 ± 0.12a

(4.75-5.10)
5.21 ± 0.36a

(4.67-5.76)
Temperature (°C) 29.73 ±1.44a

(27.58-31.89)
29.84 ± 0.44a

(29.18-30.50)
30.07 ± 1.39a

(27.99-32.15)
Dissolved oxygen (mg.L-1) 5.21 ± 0.20a

(4.85-5.45)
5.02 ± 0.17a

(4.77-5.27)
5.15 ± 0.20a

(4.84-5.45)
Different letters represent statistically significant differences (p < 0.05).
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The erythrogram values among the species C. monoculus, 
C. temensis and C. vazzoleri were similar (p > 0.05). They 
were higher than those of C. temensis from fish farming 
(Tavares-Dias et al., 2011) and were lower than those of 
C. monoculus originating from natural areas of the Paraná 
river (Ranzani-Paiva et al., 2000). These erythrogram values 
can be directly correlated with the fact that the peacock 
bass is classified as a carnivorous fish and presents high 
levels of natatory activity, especially when catching their 
prey, which requires high levels of oxygen dissolved in 
the water (Tavares-Dias et al., 2011).

The variables of the thrombogram and leukogram are 
associated with the process of blood coagulation among 
defense cells from teleost fish species (Tavares-Dias and 
Moraes, 2004). In the present study, the thrombocyte counts 
and total leukocyte counts among the peacock bass species 
presented significant differences. In C. temensis studied 
by Tavares-Dias et al. (2011), the thrombocyte count was 
higher than that of the present study (28.619 ± 13.148 uL), 
thus indicating that exists accentuated increase of that cell 
type that can be associated to the environmental type. 
In that case it adapts of captivity.

The total leukocyte count relating to C. monoculus 
was lower than the counts for the other species in the 
present study. In a study by Ranzani-Paiva et al. (2000) 
on C. monoculus, this type of analysis was not used. 
For C. temensis, the total leukocyte count was higher 
(13.163 ± 6.857 uL), thus demonstrating that there was 
differentiation among the species.

Differentiation of the blood cell types demonstrated 
the presence of lymphocytes, monocytes, heterophils 
and basophils in the three species of peacock bass from 
Balbina lake. The predominant type in C. temensis and 
C.  vazzoleri was lymphocytes, thus indicating that in 
those species, leukocytes were the main defense cell in 
the blood. In the studies developed by Ranzani-Paiva et al. 
(2000) and Tavares-Dias et al. (2011) on C. monoculus 
and C. temensis respectively, lymphocytes also accounted 
for the largest percentage of the cell types in the blood 
(59.2 ± 27.5%; 9.308 ± 5.864 uL). Lymphocytes act basically 
in inflammatory processes. They are cells that deal with a 
variety of situations (Iwama and Nakanishi, 1996).

There were no significant differences in monocyte levels 
in the three species investigated. However, for C. monoculus 
the main leukocyte was monocytes. This demonstrated 
that this species presents a differentiated immune defense 
profile in its blood cells. Although alterations due to the 
sexual profile or ontogeny may occur, this was not proven 
in the present study. Monocytes are precursor cells for 
macrophages that have the main function of phagocytic 
activity and elimination of bacteria (Tavares-Dias and 
Moraes, 2004).

In C. monoculus, it was previously observed that 
monocytes were the third commonest type (5.9 ± 1.1%) of 
leukocyte in the blood (Ranzani-Paiva et al., 2000), while 
in C. temensis monocytes were the second commonest 
type of leukocyte (9.308 ± 5.864 uL) (Tavares-Dias et al., 
2011). Those values were higher than the values in the 
peacock bass in present study.

Regarding thrombocytes, similarity between species 
was also observed in peacock bass. This type was not 
present in the blood of C. monoculus (Ranzani-Paiva et al., 
2000) or C. temensis (Tavares-Dias et al., 2011). Regarding 
basophils, C. temensis was found to present lower values 
in relation to other species. Basophils were not also 
observed in the blood of C. temensis (Tavares-Dias et al., 
2011) or C. monoculus (Ranzani-Paiva  et  al., 2000). 
Hematological studies on fish have shown that this is the 
type of leukocyte that is most difficult to find in blood 
extensions (Tavares-Dias and Moraes, 2004). Basophils 
were only found to occur during gonadal maturation in 
Prochilodus scrofa (Ranzani-Paiva and Godinho, 1983), 
which may be indicative of an active reproduction process.

Regarding total protein levels, lower values were 
observed in the species C. vazzoleri than in other peacock 
bass species. This may reflect reduced mobilization of 
this biochemical compound in the blood, which may be 
caused by anemia. This situation remained unproven in 
the present study. Issues relating to reproduction and other 
biotic factors need to be further investigated. The  total 
protein levels found were lower than those found in 
tambaqui (Colossoma macropomum) (2.8 ± 0.2 g.dL-1) 
by Inoue et al. (2016). This difference can be correlated 
with the style of activity of each species.

The glucose levels were higher in C. temensis. 
This indicates that the source of energy arose through 
breakdown of the most efficient glycogen for that species. 
It may also have been due to intraspecific variation, which 
was demonstrated through the large difference that was 
observed between the minimum and maximum values. 
In C. macropomum, the plasma glucose levels were higher 
(45.4 ± 7.2 mg.dL-1) (Inoue et al., 2016) than those of the 
peacock bass of Balbina lake. This can be attributed to the 
greater natatory activity of peacock bass species.

Regarding total cholesterol levels, there was similarity 
among the three species. On the other hand, Ramos et al. 
(2014) reported that the total cholesterol levels were 
higher (6.74 ± 1.85 mM.L-1) in pirarucus (Arapaima gigas) 
originating from black water, with carnivorous feeding 
habits. These differences can be correlated with life habits 
or with differences in body profile. Urea levels were only 
lower in C. vazzoleri. This characteristic was also observed 
regarding total protein levels, which was expected because 
urea is a product from the protein excretion process. In the 
present study, the urea values were higher than what was 
seen in pirarucus (0.12 ± 0.01 g.L-1) by Ramos et al. (2014).

In general, ion compositions are extremely important 
in relation to homeostasis among fish, both in the natural 
environmental and in situations of captivity (Aride et al., 
2007). There were variations in chloride levels in C. temensis, 
which were lower than those in other species. This can 
be related to the seasonal differences that exist in Balbina 
lake or to differentiation of microhabitats.

The sodium and potassium levels were similar 
in the three species. The sodium levels found in the 
present study were larger than those found for pirarucus 
(105.3 ± 6.7 mM.L-1). The potassium levels in the 
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peacock bass species were similar to those of pirarucus 
(11.8 ± 0.9 mM.L-1) (Ramos et al., 2014).

Analysis on the water types from which the species 
were collected showed that C. temensis inhabits waters 
that are more acidic than those occupied by the other 
species. However, the temperature of the water and the 
dissolved oxygen levels were similar among C. monoculus, 
C. temensis and C. vazzoleri.
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