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ABSTRACT 
Chelonian farms are alternatives to consuming turtles without contributing to the decline of the species in the natural environment. 
This study aims to verify the hematological parameters of Podocnemis expansa and Podocnemis unifilis from aquacultures. Blood sampling 
was performed by puncturing the femoral vessel in 36 animals, and part of the collected material was centrifuged to obtain blood 
plasma. The physical parameters of the production water (temperature, dissolved oxygen, and pH) and the chemical parameters 
(ammonia, hardness, alkalinity, and nitrite) were verified. The analysis was compared statistically using Analysis of Variance (ANOVA), 
followed by Student’s t-test or Tukey’s test. Hematocrit analysis did not reveal significant differences between species (p> 0.05). In 
plasma biochemistry, the levels of protein, glucose, cholesterol, urea, chlorides, and triglycerides of P. unifilis were statistically similar 
to those of P. expansa, with no difference within the analyzed data (p> 0.05). In the physical and chemical properties of the pond 
waters sampled, changes were observed between the two cheloncultures, with the cheloniculture at site 1 showing higher dissolved 
oxygen levels (5.0 ± 0.4 mg L-1). The turtle culture at site 2, on the other hand, showed higher levels of alkalinity (66.6 ± 1.5 mg L-1), 
total ammonia (0.50 ± 0.30 mg L-1), and nitrite (0.02 ± 0.01 mg L-1). The study shows the possible influence of management on water 
quality; however, the absence of a significant difference in blood parameters among the species indicates the robustness of these 
chelonians, whose physiology remains constant under similar production conditions.

Keywords: aquaculture, biochemistry, blood, testudines, water quality.

RESUMEN
Las creaciones de quelonios son alternativas al consumo de tortugas, sin provocar la disminución de sus poblaciones en su hábitat 
natural. Este estudio tiene como objetivo verificar los parámetros hematológicos de Podocnemis expansa y Podocnemis unifilis provenientes 
de acuiculturas. Se realizó la toma de muestras de sangre en 36 animales, y parte del material recolectado fue centrifugada para 
obtener plasma. Se verificaron los parámetros físicos del agua de producción (temperatura, oxígeno disuelto y pH) y los parámetros 
químicos (amoníaco, dureza, alcalinidad y nitrito). La comparación de los análisis se realizó estadísticamente mediante el análisis 
de varianza (ANOVA), seguida de la prueba t de Student o de la prueba de Tukey. El análisis de hematocrito no reveló diferencias 
significativas entre las especies. En la bioquímica, los niveles de proteínas, glucosa, colesterol, urea, cloruros y triglicéridos de P. 
unifilis fueron estadísticamente similares a los de P. expansa. En cuanto a las propiedades físicas y químicas de las aguas de los 
estanques muestreados, se observaron diferencias entre las dos cheloniculturas. La cultura de tortugas en el sitio 2, por otro lado, 
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mostró niveles más altos de alcalinidad (66.6 ± 1.5 mg L-1), amoníaco total (0.50 ± 0.30 mg L-1) y nitrito (0.02 ± 0.01 mg L-1). 
El estudio muestra la posible influencia del manejo en la calidad del agua; sin embargo, la ausencia de diferencias significativas  
en los parámetros sanguíneos de las especies evidencia la robustez de estos quelonios, que mantienen una fisiología constante en 
condiciones de producción similares.

Palabras clave: acuicultura, bioquímica, calidad del agua, sangre, testudines.

INTRODUCTION 

Brazil is the second country with the highest number 
of chelonian species, with 40 species distributed across 
various Brazilian biomes, predominantly in the states of 
Pará, Rondônia, Roraima, Maranhão, Piauí, Pernambuco, 
Alagoas, Bahia, Mato Grosso, Mato Grosso do Sul, Goiás, 
and Amazonas (Vogt et al., 2015; Sousa et al., 2024). The 
Brazilian Amazon stands out as the region where 21 species 
are found in continental waters, terrestrial habitats, and 
semi-aquatic environments (Ferrara et al., 2017; Iverson, 
2022). These animals, commonly known as turtles, have 
distinctive characteristics that set them apart from other 
reptiles. Their bodies are composed of a rigid shell consisting 
of a carapace on the upper part and a plastron on the lower 
part, and their morphological characteristics are closely 
related to the species’ behavior and the habitat in which 
they live (Ferrara et al., 2017; Dantas Filho et al., 2020).

Due to their flavorful meat, the northern Brazilian 
population consumes chelonians, a cultural and traditional 
practice that contributes to the exploitation and decline of 
these species in the wild. The most sought-after species are 
the Amazon River turtle (Podocnemis expansa; Schweigger, 
1812), the yellow-spotted river turtle (Podocnemis unifilis; 
Troschel, 1848), and the six-tubercled river turtle (Podocnemis 
sextuberculata; Cornalia, 1849) (Schneider et al., 2012; Sousa 
et al., 2024).

With the exploitation and decline of these species in their 
natural habitats, chelonian farming, which is the captive 
breeding of chelonians for commercial purposes, has proven 
to be a promising alternative to unregulated and illegal 
activities (Araújo et al., 2009). The state of Amazonas is a 
leader in freshwater turtle aquaculture, with the main goals 
of promoting food and nutritional security for rural workers 
and traditional peoples and helping preserve native species 
(Dantas Filho et al., 2020).

Environmental conditions in aquaculture can favor the 
emergence of various pathologies, weakening the animals’ 
immune resistance (Food and Agriculture Organization of 
the United Nations [FAO], 2018). To maintain sanitary 
control during chelonian production, hematology and 
plasma biochemical analyses are essential, as they provide 
information on the general status of the animals, including 
responses to stress from environmental, nutritional, or 
inherent conditions (Morselli et al., 2016).

Hematology is a well-established analysis for monitoring 
the physiology of aquatic, terrestrial, and semi-aquatic 
organisms. It provides reliable results in evaluating 

erythrocytes, leukocytes, and thrombocytes. Its efficiency 
and effectiveness are maximized when combined with 
biochemical analysis (Prado et al., 2016; Liebl et al., 2022).

Biochemical analysis is a recent field that studies the 
biochemical processes of biomolecules within the organism, 
including proteins, lipids, acids, and carbohydrates (Nelson 
and Cox, 2019). The biochemical profile reflects the animal’s 
organic activity and depicts homeostasis. These tests are 
essential for assessing the animals’ physiological conditions, 
as endogenous and exogenous factors influencing this 
parameter may be revealed (Finsterbuch et al., 2018).

Thus, this research aims to evaluate the hematological 
and plasma biochemical parameters of freshwater 
chelonians from chelonian farms in the Metropolitan Region 
of Manaus, Amazonas.

MATERIALS AND METHODS

Animal ethics

The experiment was conducted in accordance with the 
ethical principles for animal experimentation established 
by the National Council for the Control of Animal 
Experimentation (CONCEA), following approval by the 
Ethics Committees on Animal Use (CEUAs) of the Federal 
University of Amazonas (UFAM).

Study area and sampling

The Metropolitan Region of Manaus (RMM), established 
by State Complementary Law No. 52 on May 30, 2007, 
comprises eight municipalities: Manaus, Careiro da Várzea, 
Iranduba, Itacoatiara, Manacapuru, Novo Airão, Presidente 
Figueiredo, and Rio Preto da Eva. The term refers to the 
extension of the capital of Amazonas with its neighboring 
municipalities, which, despite being distant and not 
densely populated, have a low demographic density of 
21.44 inhabitants/km². According to a 2015 estimate by 
the Brazilian Institute of Geography and Statistics (IBGE), 
the metropolitan region had a population of 2,360,491, 
making it the second most populous in northern Brazil 
(SEPLANCTI, 2016). The present study collected blood 
samples from chelonians in the municipalities of Iranduba 
and Manacapuru (Fig. 1).

Animal management and blood collection

The chelonians analyzed were raised in a system integrated 
with fish, using the same nutritional feed base with 28 % 
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protein content. Thirty-six chelonians (N= 36), including 
22 Amazon River turtles P. expansa and 14 yellow-spotted 
river turtles P. unifilis, were manually collected after 24 hours 
of fasting in the morning using a dragnet. Following the 
recommendations of Tavares-Dias et al. (2012), animals 
were used to obtain blood samples. Blood sampling was 
performed by puncturing the femoral vessel (Oliveira et 
al., 2011) after cleaning the site with 70 % alcohol, using 3 
mL syringes and 27 x 8 mm needles containing 5000 IU of 
heparin, with 1.5 mL of blood sampled from each animal. 
The samples were stored in specific tubes with EDTA and 
kept at -4 °C throughout the procedure.

For biochemical analyses, part of the collected sample 
was processed in the field by centrifugation to obtain blood 
plasma, which was then placed in a liquid nitrogen container 
to maintain a temperature of -20 °C. All materials were 
transported and analyzed at the Amazon Invertebrate and 
Vertebrate Studies Center (NEIVA) of the Federal Institute of 
Education, Science, and Technology of Amazonas (IFAM), 
Manaus Centro Campus (CMC).

Animal biometry

In the field, after blood collection for hematological 
analyses, the animals underwent biometric measurements 
(Fig. 2). Body weight (g) was measured using a portable 
scale, and the straight carapace length (SCL, cm) and 
plastron length (PL, cm) were measured using a measuring 
tape.

Erythrogram

 In the analysis of erythrocytes (red blood cells), hematocrit 
(Ht, %) was determined using the microhematocrit method 
with heparinized capillary tubes. Hemoglobin concentration 
(Hb, g dL⁻¹) was measured using the cyanmethemoglobin 
method with Drabkin’s reagent. Erythrocyte count (RBC, 

×105 µL⁻¹) was determined using a Neubauer hemocytometer 
following blood dilution in formal-citrate solution. 
Hematocrit (Ht), hemoglobin concentration (Hb), and 
erythrocyte count (RBC) obtained from each sample were 
subsequently used to calculate the hematimetric indices, 
including mean corpuscular volume (MCV, fL), mean 
corpuscular hemoglobin (MCH, pg), and mean corpuscular 
hemoglobin concentration (MCHC, g dL⁻¹), following the 
recommendations of Wintrobe (1934).

Plasma biochemistry

Plasma biochemistry was determined using commercial 
kits specific to each constituent (Labtest®), with readings 
taken on spectrophotometers (BEL Engineering®). The 
modified Biuret method was used to determine the 
concentration of total plasma proteins (g L-1), and plasma 
glucose (mmol L-1) was determined using the glucose oxidase 
method. Triglycerides (mmol L-1) and total cholesterol 
(mmol L-1) were measured using enzymatic-colorimetric 
methods.

Water quality monitoring

Dissolved oxygen levels (mg L-1), temperature (°C), 
and pH were measured using a multiparameter device 
(G-50, Horiba®, Kyoto, Japan), and nitrite levels (mg L-1) 
were determined using colorimetric kits according to the 
manufacturer’s instructions (Alfakit®, Florianópolis, Brazil), 
by Liebl et al. (2022).

Statistical analysis

The erythrogram and plasma biochemistry analyses were 
statistically compared using Student’s t-test, after evaluating 
sample robustness for normality and homoscedasticity with 
the Shapiro-Wilk and Bartlett tests, respectively, in r® (R 
Project, Auckland, New Zealand). The analyzed data were 
considered significant when p< 0.05.

Figure 1. Map of Iranduba and Manacapuru municipalities, 
Amazonas, Brazil, showing the turtle sampling sites. Source: Own 
elaboration.

Figure 2. Infographic of biometric measurements in Amazonian 
chelonians according to Bernhard et al., 2016: Straight Carapace 
length (SCL) and plastron length (PL). Source: Own elaboration.
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RESULTS

Animals biometry

In biometric analyses, the chelonians P. expansa and P. 
unifilis did not show statistically significant differences (p > 
0.05) in body weight (g), straight carapace length – SCL (cm), 
and plastron length – PL (cm), as described in (Table. 1).

Table 1. Biometry of Amazon river turtle (Podocnemis expansa) and 
yellow-spotted river turtle (Podocnemis unifilis), from chelonicultures 
in the metropolitan region of Manaus (Iranduba and Manacapuru), 
Amazonas state, Brazil.

Species
Body  

Weight (g)
SCL (cm) PL (cm)

Podocnemis 
expansa

5614.30 ± 
243.11

19.16 ± 4.12 14.21 ± 2.97

Podocnemis 
unifilis

3460.00 ± 
0.772

15.6 ± 7.47 11.73 ± 0.92

SCL: Straight Carapace Lenght; PL: Plastron Lenght. 

Source: Own elaboration.

Erythrogram

No significant differences (p > 0.05) were observed in the 
hematimetric indices for the erythrogram, including MCV, 
MCH, and MCHC, particularly in hematocrit, hemoglobin 
concentration, and erythrocyte count (Table 2).

Plasma biochemistry

The plasma biochemical profile of P. expansa, including 
protein, glucose, cholesterol, urea, chloride, and triglyceride 
concentrations, did not differ significantly from that of P. 
unifilis (Table 2). 

Water quality monitoring

The physical and chemical properties of the water 
from the sampled earthen ponds varied between the two 
chelonian farms (Table 3), particularly in dissolved oxygen, 
alkalinity, total ammonia, and nitrite, which were elevated.

Table 2. Hematological and biochemical parameters of Amazon River turtle (Podocnemis expansa) and yellow-spotted river turtle (Podocnemis 
unifilis), from the Amazon region.

Species P. expansa P. unifilis P. unifilis P. dumerilianus P. expansa P. unifilis P. expansa
Parameters n = 22 n = 14 n = 21 n = 17 n = 28 n = 28 n = 28
Erythrogram
Ht
(%)

20.71 ± 1.49 22.8 ± 2.3 - 20.6 ± 3.5 21.8 ± 6.6 23.2 ± 4.7 25.1 ± 6.9

Hb
(g dL-1)

5.45 ± 1.48 2.8 ± 0.4 6.70 ± 1.28 8.5 ± 2.5 5.1 ± 2.3 7.0 ± 1.6 6.5 ± 1.21

RBC
(millions uL-1)

0.460 ± 0.095 2.4 ± 0.4 0.163 ± 0.031 0.32 ± 0.07 0.28 ± 0.08 0.18 ± 0.08 0.28 ± 0.07

MCV
(fL)

484.34 ± 77.50 286.2 ± 30.0 1413 ± 318 681.6 ± 140.1 851.4 ± 282.1 1425.1 ± 
448.3

922.3 ± 150.2

MCH
(%)

114.71 ± 21.54 12.0 ± 2.8 388.7 ± 77.2 267.8 ± 58.2 - - -

MCHC
(%)

24.95 ± 5.25 6.4 ± 0.9 28.9 ± 7.6 41.9 ± 9.8 22.3 ± 5.5 30.1 ± 3.3 26.2 ± 5.4

Biochemical parameters
Total protein
(g dL-1)

2.36 ± 0.63 2.5 ± 0.2 - 4.1 ± 1.7 2.4 ± 0.7 3.8 ± 0.7 3.5 ± 1.3

Glucose
(mg dL-1)

119.27 ± 38.27 40.9 ± 12.7 38.7 ± 19.6 80.6. ± 8.5 92.7 ± 22.2 149.9 ± 66.5 91.3 ± 17.7

Total cholesterol (mg 
dL-1)

77.33 ± 24.59 133.5 ± 20.5 90.9 ± 41.0 79.3 ± 22.3 38.3 ± 26.5 125.0 ± 55.2 58.1 ± 18.3

Triglycerides (mg 
dL-1)

92.75 ± 55.87 340.0 ± 43.0 - 388.9 ± 38.8 18.9 ± 7.0 27.8 ± 8.3 35.4 ± 19.7

Urea
(mmol L-1)

4.57 ± 2.16 1.1 ± 0.2 - - - - 4.0 ± 2.6

Chlorides (mEq 1-1) 100.47 ± 10.24 120.8 ± 10.2 - - - - -
Locality Metropolitan Region  

of Manaus (RMM), 
Amazonas, Brazil

Captivity in Nacional 
University of Colombia, 
Villavicencio-Meta, Colombia

Farm in Manaus, 
Amazonas,  
Brazil

Abufari Biological Reserve, 
downstream Purus River, 
Amazonas, Brazil

Farm in Manaus, 
Amazonas, Brazil

References Present study Rodríguez-Almonacid et al. 
(2022)

Anselmo et al. 
(2021)

Tavares-Dias et al. (2012) Oliveira-Júnior  
et al. (2009)

Ht: Hematocrit; Hb: Hemoglobin; RBC: red blood cells – red blood cells; MCV: Mean corpuscular volume; MCH: Mean Corpuscular Hemoglobin; 
MCHC: Mean corpuscular hemoglobin concentration.

Source: Own elaboration.
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Table 3. Physical and chemical properties of water, from 
chelonicultures in the metropolitan region of Manaus, Amazonas 
state, Brazil.

Variables Iranduba Manacapuru
Temperature (ºC) 29.7 ± 0.2 a 30.1 ± 0.3 a
pH 7.0 ± 0.1 a 7.3 ± 0.2 a
Toughness (mg L-1) 93.1 ± 8.9 a 78.0 ± 3.0 a
Dissolved oxygen (mg L-1) 5.0 ± 0.4 a 2.8 ± 0.5 b
Alkalinity (mg L-1) 60.9 ± 4.0 a 66.6 ± 1.5 b
Total ammonia (mg L-1) 0.01 ± 0.01 a 0.50 ± 0.30 b
Nitrite (mg L-1) 0.00 ± 0.00 a 0.02 ± 0.01 b

a,b: Means followed by the same lowercase letter do not differ statisti-
cally according to the Tukey test (p < 0.05).

Source: Own elaboration.

DISCUSSION

The success in chelonian production is due, among other 
factors, to monitoring these animals (Dantas Filho et al., 
2020). The data analyzed in the current study for P. expansa 
showed lower values than those reported by Morselli et al. 
(2016) for P. unifilis. The lack of standardization in biometric 
studies for chelonians stems from the fact that each species 
has distinct characteristics, which may also be influenced 
by factors beyond biology, such as developmental stage, 
environment, and nutrition (Morselli et al., 2016).

Although it is an efficient tool for monitoring the health 
of animals under production, hematological evaluation in 
chelonians still requires more information to understand 
the behavior of blood cells and plasma, maximizing its 
application in diagnosing issues such as anemia (Marcon 
et al., 2008). Anemia diagnosis occurs when there are 
indications of deficiencies in hemoglobin levels, the blood 
protein that aids in transporting oxygen throughout the 
animal’s body. According to Santos (2011), hemoglobin 
concentration in Chelonians is associated with the degree of 
activity in these animals. 

The hemoglobin values for the species P. expansa (Amazon 
turtle) were similar to those of Oliveira-Júnior et al. (2009), 
who reported 6.5 ± 1.2 g dL⁻¹ for P. expansa. Tavares-Dias et 
al. (2012) also investigated P. expansa and P. sextuberculata, 
reporting values of 5.1 ± 2.3 and 4.70 ± 1.2 g dL⁻¹, 
respectively. Furthermore, Anselmo et al. (2021) found a 
hemoglobin percentage of 8.5 ± 2.5 g dL⁻¹ in Peltocephalus 
dumerilianus (Schweigger, 1812; Big-headed Amazon River 
turtle). The values presented in this study for P. unifilis 
are below those found in Tavares-Dias et al. (2012) and 
Rodríguez-Almonacid et al. (2022), with 7.0 ± 1.6 and 6.38 
± 1.28 g dL⁻¹, respectively, which suggests indications of 
anemia.

Hematocrit (Ht) information is also crucial in diagnoses 
such as anemia (< 20 Ht %) and is related to cardiac function 
(> 40 Ht %) and blood flow circulation (Thrall et al., 2015). 
Rossini et al. (2012), when analyzing the hematocrit of adult 
female Amazonian turtles (P. expansa), found a value of 35.7 

± 0.98 %, a value higher than the values ​​found for P. expansa 
and P. unifilis in the current study. In the studies by Cavalcante 
et al. (2024) in the species P. expansa, P. sextuberculata, P. 
unifilis and Podocnemis erythrocephala from three locations 
in the Tapajós River, the hematocrit percentage was 29.4 
± 12.23 %, 21.0 ± 1.2 %, 37.7 ± 13.3 % and 42.0 ± 4.2 % 
respectively. These values ​​are higher than those found for the 
species P. unifilis and P. expansa in the present study, except 
for P. unifilis, where the value is lower than the species in 
the present study. However, studies by Tavares-Dias et al. 
(2012) with Peltocephalus dumerilianus, as well as the present 
study with P. expansa, showed evidence of anemia, which 
may be related to the 24-hour period of food restriction and 
deprivation to which they were subjected. 

The RBC (red blood cells) values observed for the species 
P. unifilis were higher than those found for the same species 
by Pessoa et al. (2016) (0.36 ± 0.13 million µL⁻¹) and 
Rodríguez-Almonacid et al. (2022) (0.23 ± 0.07 million 
µL⁻¹). However, the values from the current study and the 
above-cited studies are below the recommended values 
for healthy reptiles (2.5 to 3 million µL⁻¹) (Duguy, 1970; 
Thrall et al., 2015). The low RBC count in the current study 
is not related to the presence of lymph in the sample, as 
the collection was performed via femoral vein puncture, 
thereby avoiding contamination by lymph, which can cause 
hemodilution (Silva et al., 2012).

The hematimetric indices for the species P. expansa were 
lower than those found by Oliveira-Júnior et al. (2009) 
(MCV 922.3 ± 150.2 fL; MCHC 26.2 ± 5.4 %) and Tavares-
Dias et al. (2012) for P. expansa (MCV 851.4  ±  282.1 fL; 
MCHC 22.3 ± 5.5 %) and P. unifilis (MCV 1425.1 ± 448.3 fL; 
MCHC 30.1 ± 3.3 %). Furthermore, the averages reported 
by Tavares-Dias et al. (2012) for P. unifilis corroborate 
the results of Rodríguez-Almonacid et al. (2022) (MCV 
1413 ± 318 fL; MCHC 28.9 ± 7.6 %) for the same species. 
The observed MCV and MCHC values are higher than those 
reported for P. unifilis in the current study (MCV 286.2 ± 30.0 
fL; MCHC 6.4 ± 0.9 %); this indicates that the studied turtles 
were kept under adequate conditions (Oliveira-Júnior et al., 
2009). 

In addition to hematimetric indices and other blood 
cell characteristics, blood plasma also provides important 
information about the nutritional and physiological state 
of Chelonians, which can be translated into the animals’ 
health. In biochemical analysis (Table 4), total protein levels 
did not differ between species. The total plasma protein 
concentrations in this study are lower than those found by 
Tavares-Dias et al. (2012) (3.8 ± 0.7 g dL⁻¹) for the species 
P. unifilis and by Morselli et al. (2016) for the species P. 
expansa (3.38 ± 1.11 g dL⁻¹). Fonseca et al. (2016) studies 
with P. expansa between 3 and 7 months found a protein 
value of 1.9 ± 0.8 %, which is lower than that of the same 
species presented in the current study. Hypoproteinemia 
is commonly associated with malnutrition, absorption, 
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digestion issues, enteropathies with protein loss, chronic 
liver or kidney disease, and severe hemorrhage (Thrall et al., 
2015; Fonseca et al., 2016). However, the values in this study 
and those in Fonseca et al. (2016) are within the reference 
range for reptiles, 3 to 7 mg dL-1 (Campbell, 2014).

The study by Santos et al. (2005) determined glucose 
values for Amazonian chelonians and reported them as 
122.90 ± 35.19 mg dL⁻¹. Based on this value, the species 
P. unifilis in the current study appears to be under stress, 
possibly due to the collection of animals from the pond and 
blood sampling. Low glucose levels in stressed chelonians 
result from increased catecholamines (primary response), 
which induce changes in physiological parameters 
(secondary response), compromising performance (tertiary 
response) and increasing susceptibility to disease (Tavares-
Dias et al., 2012). According to Ferreira Júnior and Castro 
(2010) and Dantas Filho et al. (2020), stress in chelonians 
is an energy-consuming physiological state and an adaptive 
phenomenon.

For triglycerides and cholesterol, higher values were 
observed in the species P. expansa in this study compared 
to those found by Fonseca et al. (2016) (triglycerides 
22.9 ± 9.8 mg dL-1; cholesterol: 45.3 ± 19.7 mg dL-1) and 
Oliveira-Júnior et al. (2009) (triglycerides: 35.4 ± 19.7 mg 
dL-1; cholesterol: 58.1 ± 18.3 mg dL-1). The low triglyceride 
and cholesterol values observed in the species P. expansa in 
this study likely resulted from food deprivation during the 
24 hours preceding blood collection (Fonseca et al. 2016). 
However, this may indicate inappropriate feeding, as the 
chelonians are raised in conjunction with fish and use the 
same nutritional base (28 % protein), potentially leading to 
overfeeding. The hyperlipidemia observed (increased serum 
concentration of triglycerides, cholesterol, or both) may 
result from physiological or pathological processes (Thrall 
et al., 2015).

Measuring urea is essential for detecting possible kidney 
damage, as it is excreted as uric acid. In this study, the 
average value for urea in P. expansa was higher than that 
found by Morselli et al. (2016) (urea: 1.64 ± 1.11 mg dL⁻¹). 
The results observed for P. unifilis were similar to those of 
Oliveira-Júnior et al. (2009) and Morselli et al. (2016). 
Although most nitrogen metabolism in reptiles results in 
the production of uric acid, urea can also be present and is 
related to liver or kidney disease and other health problems 
(Thrall et al., 2015).

Chloride is the primary active osmotic anion in the blood 
of reptiles and is related to hydroelectrolytic and acid-base 
balance disturbances since it is active in the regulation of 
osmotic pressure and water control (Almosny and Monteiro, 
2007; Thrall et al., 2015). The chloride values ​​found for P. 
expansa and P. unifilis are higher than those found for the 
species P. expansa (86.4 ± 7.63 mEq L-1) in the work of Santos 
et al. (2005), but the results are within the average for 
chlorides in reptiles (100 – 130 mEq L-1) (Thrall et al. 2015).

Maintaining water quality in production systems prevents 
disease outbreaks and damage to animal welfare and 
productivity (Yusoff et al., 2024). In the RMM (Metropolitan 
Region of Manaus), Chelonian farms produce turtles in 
conjunction with fish farming, which implies greater attention 
to production water variables (Southgate and Lucas, 2019). 
The temperature variable in the current study falls within the 
values stipulated in the literature, ranging from 27.8 to 31.1 
°C during the day for turtles (Dantas Filho et al., 2020). 
When it reaches level 7, the pH variable is characterized as 
neutral, and when it remains above this value, it is described 
as acidic. The pH values ​​presented in this study are within 
those Psicultura (2019) stipulated. Alkalinity and hardness 
indicate the presence of limestone, a substance that helps 
maintain a neutral pH. According to Psicultura (2019), the 
recommended alkalinity values are approximately 30 mg L-1. 
In the current study, the values ​​for alkalinity are above the 
recommended ones, requiring correction of this variable to 
improve production.

Dissolved oxygen (DO), both in excess and in deficiency, 
can harm the health of the animal (Samaras et al., 2023). 
Dissolved oxygen (DO) above 15 mg L-1 may occur due to 
the concentration of nutrients released into the water and 
the incidence of light. The oxygen concentration in this 
study corresponds to the levels recommended by Psicultura 
(2019). In the water analyses, the average dissolved oxygen 
concentration was higher than the levels reported by Lopes 
(2016) (DO: 9.0 mg L-1; temperature: 17.6 ºC); however, it 
is still within the recommended values.

The turtle farming at site 2 has a lower DO and higher 
ammonia and nitrite levels. Dissolved oxygen levels below 
3 mg L-1 in water quality influence most aquatic organisms’ 
behavior, growth, and survival (Ferreira et al., 2020). The 
low DO level may be related to excess organic waste (feces 
and feed residues) since the amount of waste released into 
the water may be higher due to sharing the farming site with 
fish. The incidence of nitrite and ammonia may be related to 
the low oxygen concentration, which first increases ammonia 
and nitrite. The transformation of ammonia into nitrite 
results from the action of bacteria, which tends to occur in 
aviaries that receive large amounts of feed. The possibility of 
a large amount of feed being provided is evidenced by the 
biochemistry of Chelonians’ blood, which shows elevated 
levels of triglycerides and cholesterol, suggesting overfeeding 
(Thrall et al., 2015).

CONCLUSIONS

Hematological and biochemical studies of chelonians 
from aquaculture systems are fundamental tools for 
production management, as they allow monitoring of stock 
development and adjustment of management practices 
to the animals’ specific needs. Although no statistically 
significant differences were observed in the parameters 
among the species analyzed in the present study, a trend 
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toward elevated triglyceride and cholesterol levels was 
observed in P. unifilis. This phenomenon may be associated 
with the feeding practices implemented, specifically 
overfeeding, given that these chelonians are raised alongside 
fish.

This trend may also be related to water quality variables, 
as low dissolved oxygen levels and higher concentrations 
of total ammonia and nitrite could be consequences of 
overfeeding. These alterations in water quality may adversely 
affect animal health, as reflected in the observed biochemical 
parameters.

Therefore, continuous studies on the hematological 
and biochemical parameters of Chelonian species are 
emphasized, as is the need to establish reference values for 
freshwater Chelonian species. Additionally, it is crucial to 
evaluate and adjust management practices in aquaculture 
systems to ensure animal health and well-being and to 
optimize production.
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