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The Caspian pond turtle, Mauremys caspica, is an important reptile species in the southern basin of 
Caspian Sea. Haematological indices and serum biochemistry can be utilised as valuable screening 
tools for the health status of many domestic and wild animals. In this study, the blood parameters 
were measured in male and female turtles to establish physiologic reference ranges of selected haema-
tological and serum biochemical parameters in M. caspica. For this purpose, blood samples were 
collected from 60 Caspian pond turtles (30 males and 30 females) from the southern basin of Caspian 
Sea. Significant differences were observed in some haematological indices (i.e. haemoglobin and 
haematocrit) and serum biochemical indices (i.e. alkaline phosphatase, aspartate aminotransferase, 
and creatine kinase) between the male and female turtles (P<0.05). However, further research is nec-
essary to elucidate the influence of size, sex, season, and habitat variations on haemato-biochemical 
parameters in the Caspian pond turtle. 
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INTRODUCTION 

Haematological and serum biochemistry 
parameters have been recognised as cru-
cial tools to assess the health status of 

many domestic and wild animals. In fact, 
they can be used for monitoring health, 
physiological performance, stress res-
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ponses, and diagnosing infectious and 
non-infectious diseases (Cerreta et al., 
2020; Kophamel et al., 2022). There are 
many literature data available dealing with 
the haematological and biochemical va-
lues in chelonians (Sinaei et al., 2019; 
Miguel et al., 2020). For instance, 
Delgado et al. (2011) analysed the stan-
dard biochemical parameters of wild ju-
venile loggerhead sea turtle (Caretta 
caretta). Ehsanpour et al. (2015) deter-
mined the normal values of serum bio-
chemical parameters in apparently healthy 
female hawksbill turtles (Eretmochelys 
imbricata) from the natural nesting habitat 
in Qeshm Island. The blood cells of Asian 
forest tortoise (Testudo horsfieldii) were 
evaluated based on the morphological 
features by Shadkhast et al. (2010). 
Javanbakht et al. (2013) also investigated 
the morphological analysis of blood cells 
in Testudo graeca, Emys orbicularis, and 
Mauremys caspica in Iran. Moreover, 
Arizza et al. (2014) characterised the 
haematological parameters of Sicilian 
pond turtles, Emys trinacris. Soltanian et 
al. (2021) also reported reference inter-
vals for haematological and blood bio-
chemical parameters in softshell turtles 
(Rafetus euphraticus). 

The Caspian pond turtle, Mauremys 
caspica, belongs to the family Geoemydi-
dae and inhabits the eastern Mediterranean 
region from north-western of Saudi Arabia, 
Bahrain, Caucasus, Turkey, Tbilisi, Iraq, 
and Iran (Vamberger et al., 2013). Some 
toxicological assays were conducted on 
M. caspica due to some unique features of 
turtles in the environment (Soltanian et al., 
2018). However, there are currently no 
published data on the haematological and 
serum biochemical variables of the Cas-
pian pond turtle in the southern basin of 
Caspian Sea as a scientific basis for other 
biological research.  

The main purpose of this research is to 
distinguish the normal values of blood and 
serum biochemical parameters between 
male and female M. caspica from the 
southern basin of Caspian Sea. 

MATERIALS AND METHODS 

Sample collection and animal  
maintenance 

Sixty M. caspica were sampled from Go-
lestan and Mazandaran provinces (Cas-
pian Sea, Iran) (Fig. 1). The permission of 
collecting M. caspica was issued by the 
Iranian Department of Environment (local 
No. 1184-N/14/2). They were transported 
alive in plastic boxes to the central labora-
tory of CSE Research Centre (Caspian 
Sea, Sari, Iran). The turtles were adapted 
to the new conditions for 14 days in sea-
water aquaria (200 L). The lab conditions 
were maintained similar to the natural 
environmental conditions (temperature 
19.0±1.3 ºC, dissolved oxygen 7.8±0.5 
mg/L, pH 7.5±0.3, and 14 h light:10 h 
dark photoperiod cycle) to minimise addi-
tional stress induced by environmental 
parameters. The turtles were fed three 
times per day at apparent satiety with 
minced Kilka fish (Clupeonella sp.; Clu-
peidae) and fresh vegetables (cucumber 
and lettuce). The water quality of each 
aquarium was monitored daily and regu-
larly siphoned from the bottom and 
changed with fresh seawater. At first, the 
turtles were examined by external observa-
tion to ensure that they were healthy and 
the clovac was checked to distinguish sex-
es. Then, their total weight (g) and total 
length (cm) were measured (Table 1). 

Blood sampling 

The turtles were subjected to food depri-
vation for 24 h before blood sampling and 

http://en.wikipedia.org/wiki/Family_%28biology%29
http://en.wikipedia.org/wiki/Geoemydidae
http://en.wikipedia.org/wiki/Geoemydidae
http://en.wikipedia.org/wiki/Saudi_Arabia
http://en.wikipedia.org/wiki/Bahrain
http://en.wikipedia.org/wiki/Israel
http://en.wikipedia.org/wiki/Lebanon


M. Adel, H. Abbasi, V. Arizza, S. P. H. Shekarabi  & S. M. Al-Jufaili  

BJVM, ××, No × 3 

were anaesthetised with ketamine hydro-
chloride 5% (Alfasan Company, Iran) and 
diazepam 2% (Caspian Tamin Company, 
Iran) at 120 mg/kg and 2 mg/kg, respec-
tively (by intramuscular injection). Then, 
0.5 mL blood sample was collected from 
the dorsal coccygeal vein and transferred 
to tubes containing heparin as an antico-
agulant and used for complete blood count 
tests. Also, 1 mL blood sample was 
moved to plain tubes and left to clot at 
refrigerator temperature for 1 h. Finally, 
the sera were separated by centrifugation 
at 3000×g for 15 min and the supernatants 
were stored at –80 oC until use.  

Haematology parameters 

The counting of red (RBC) and white 
blood cells (WBC) was performed by an 

improved Neubauer haemocytometer 
chamber using 1:200 Hayem's and Natt-
Herrick fluids (Shadkhast et al., 2010). 
Haematocrit (HCT, %) was determined by 
the standard microhaematocrit procedure 
(Ehsanpour et al., 2015). Haemoglobin 
(Hb, g/L) was measured based on the 
cyanomethemoglobin method. The differ-
ential leukocyte counts were also com-
puted based on the cells’ morphology (i.e. 
heterophils, lymphocytes, monocytes, eo-
sinophils, and basophils) from previously 
prepared Wright-stained slides under a 
light microscope (Nikon, Japan) (Shad-
khast et al., 2010).  

Biochemical assays 

The serum alanine aminotransferase 
(ALT, U/L), aspartate aminotransferase 

 

Fig. 1. Sampling sites of Mauremys caspica from Golestan and Mazandaran provinces,  
Iran (southern basin of the Caspian Sea). 

Table 1. Biometric data of Mauremys caspica from the southern basin of Caspian Sea 

Sex Length (cm) Weight (g) Age (years) 

Male (n = 30) 11.30 ± 3.8 a 277.3 ± 14.2a 3 ± 1 a 

Female (n = 30) 10.84 ± 2.6a 271.8 ± 10.6a 3 ± 1 a 
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(AST, U/L), alkaline phosphatase (ALP, 
U/L), lactate dehydrogenase (LDH, U/L), 
creatine kinase (CK, U/L), triglycerides 
(mmol/L), cholesterol (mmol/L), glucose 
(mmol/L), total protein (g/L), albumin 
(g/L), and globulin (g/L) levels were mea-
sured spectrophotometrically (Shadkhast 
et al., 2010) by a biochemical auto-ana-
lyzer device (Eurolyser, Belgium) with 
relevant Pars Azmoon kits (Pars Azmoon, 
Tehran, Iran) based on the manufacturer’s 
guidelines.  

Blood electrolyte tests 

Calcium, phosphorus and magnesium va-
lues (mmol/L) were assessed by a colori-
metric technique using the biochemical 
auto-analyzer based on Delgado et al. 
(2011) method. The sodium and potas-
sium concentrations (mmol/L) were de-
termined using a photoelectric flame pho-
tometer (Jenway, England). 

Statistical analysis 

The data were subjected to Student's t-test 
after being tested by the Shapiro-Wilk test 
to determine the significant differences 
between haematological and serum bio-

chemical indices between the sexes. A 
significance level of P<0.05 was used and 
the results were expressed as means ± 
standard deviation (SD). All the statistical 
analyses were performed with the SPSS 
software package ver. 22. 

RESULTS  

The results of haematological parameters 
for M. caspica from the southern basin of 
Caspian Sea are given in Table 2. No sig-
nificant differences were obtained in 
WBC and RBC counts in both sexes (P > 
0.05). The higher values of Hb (74.2±16.4 
g/L) and HCT (30.6±2.1 %) were ob-
served in male turtles (P<0.05). In addi-
tion, Hb and HCT values in this study 
were within the range 51.2–73.4 g/L and 
25.7–34.8 %, respectively. The mean Hb 
values were 62.4±11.4 and 74.2±16.4 g/L 
in both sexes (P=0.007), respectively. 
Also, the mean HCT values were 28.2± 
2.5 and 30.6±3.1% in female and male 
brood stocks, respectively (P=0.004).  

The normal biochemical and electro-
lytes values in male and female M. cas-

Table 2. Mean haematological parameters in both sexes of Mauremys caspica. Different superscript 
letters denote significant differences (P<0.05)   

Female Male 
Parameter 

Mean ± SD Mean ± SD 

Red blood cells (×1012 /L) 0.38 ± 0.04a 0.44 ± 0.05a 

Haematocrit (%) 28. 2 ± 1.5a 30.6 ± 2.1b 

Haemoglobin (g/L) 62.4 ± 11.4a 74.2 ± 16.4b 

White blood cells (×109 /L) 5.28 ± 1.06a 5.46 ± 1.3a 

Heterophils (%) 68.4 ± 3.38a 70.4 ± 2.8a 

Lymphocytes (%) 24.3 ± 2.42a 24.6 ± 1.03a 

Basophils (%) 2.14 ± 0.85a 1.36 ± 0.74a 

Eosinophils (%) 4.14 ± 0.38a 4.86 ± 0.28a 

Monocytes (%) 0.52 ± 0.12a 0.39 ± 0.09a 
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pica are illustrated in Table 3. From the 
results, a significant difference was found 
out between ALP, AST, and CK values in 
both sexes. The average values of AST in 
male and female M. caspica were 
348.62±58.6 and 274.28±43.8 U/L 
(P=0.009), and CK varied from 364.3± 
54.3 to 436.5±68.7 U/L in female and 
male turtles, respectively (P=0.018). Also, 
the ALP level in females was 96.2±14.3 
U/L and in the male turtles – 72.6±17.6 
U/L (P=0.004). No significant difference 
was measured in the calcium, phosphorus, 
magnesium, sodium, and potassium con-
centrations between the male and female 
turtles (P>0.05). Also, no significant dif-
ferences were obtained for ALT, LDH, 
triglycerides, cholesterol, glucose, total 
protein, albumin, and globulin levels 
(P>0.05).  

DISCUSSION 

Measurement of blood parameters and 
their reference ranges in M. caspica play a 
crucial role in determining the relation-
ships between the health status and the 
ecosystem. Haematological parameters of 
chelonians are affected by age, sex, diet, 
diseases, maturation stage, environmental 
conditions, water quality parameters, and 
sampling methods (Pagano et al., 2019; 
Rodríguez-Almonacid et al., 2022). 

Based on our results, higher values of 
HCT and Hb were obtained in the male 
turtles than in the females. This can be 
probably attributed to the higher mobility 
and metabolic activity of the male turtles 
compared to the females. Another possi-
ble explanation would be a different hor-
monal status during the breeding season 

Table 3. Serum biochemical parameters and electrolytes in male and female Mauremys caspica. 
Different superscript letters denote significant differences (P<0.05) 

Female Male 
Parameter 

Mean ± SD Mean ± SD 

AST (U/L) 274.28 ± 43.8a 348.62 ± 58.6b 

ALT (U/L) 12.26 ± 1.8a 12.68 ± 1.6a 

CK (U/L) 364.3 ± 54.3a 436.5 ± 68.7b 

ALP (U/L) 96.2 ± 14.3a 72.6 ± 17.6b 

LDH (U/L) 1024.8 ± 284.5a 1316.2 ± 339.1a 

Total protein (g/L) 37.8 ± 4.6a 41.2 ± 5.8a 

Albumin (g/L) 12.9 ± 1.8a 12.4 ± 5.8a 

Globulin (g/L) 24.2 ± 2.8a 28.2 ± 3.4a 

Triglycerides (mmol/L) 2.75 ± 0.86a 3.14 ± 1.05a 

Glucose (mmol/L) 4.68 ± 0.69a 5.47 ± 0.93a 

Cholesterol (mmol/L)  3.32 ± 0.21a 3.69 ± 0.25a 

Potassium (mmol/L) 3.12 ± 0.56a 3.04 ± 0.65a 

Sodium (mmol/L) 120.4 ± 12.6a 132.5 ± 14.3a 

Magnesium (mmol/L) 0.44 ± 0.15a 0.47 ± 0.19a 

Calcium (mmol/L) 0.76 ± 0.04a 0.82 ± 0.06a 

Phosphorus (mmol/L) 4.15 ± 0.39a 4.28 ± 0.45a 



Reference values for haemato-biochemical parameters of Caspian pond turtle (Mauremys caspica)… 

BJVM, ××, No × 6 

(Janzen et al., 1998). There is a tendency 
amongst all animals that estrogens and 
progesterone suppress erythropoiesis and 
androgens enhance it (Nikinmaa, 1990). 
The HCT level is highly varied depending 
on species, age, nutrition status, water 
quality, and habitat. HCT value is varied 
in the range of 20 to 45% (Perpiñán et al., 
2008). High oxygen is needed for most of 
the reactive species such as marine teleost 
and hence, they have a greater HCT value 
compared with the sedentary turtle such as 
freshwater turtle species and desert tor-
toises (Ahmed et al., 2020).  

Among the WBC, the most and the 
lowest representative cells were hetero-
phils and monocytes respectively, with 
similar results reported by Pires et al. 
(2006) in Caretta caretta; Tavares-Dias et 
al. (2009) in freshwater turtles (Podocne-
mis expansa), Metin et al. (2008) in Mau-
remys caspica and Mauremys rivulata and 
Hidalgo-Vila et al. (2007) in Mediterra-
nean pond turtles (Mauremys leprosa). 
From the results, no significant differ-
ences were obtained in the leukocyte dif-
ferential counts between both sexes, in 
line with the findings of Hidalgo-Vila et 
al. (2007) in M. leprosa and Yu et al. 
(2013) in yellow pond turtle (Mauremys 
mutica). This result was different from 
leukocyte differential counts of African 
side neck turtle (Pelusios sinuatus) where 
female turtles had higher mean values for 
lymphocytes and heterophils than male 
turtles (Omonona et al., 2011).  

In the present study, low percentage of 
basophils (< 5%) was observed in both 
sexes of Caspian pond turtles. An absolute 
percentage of basophils has also been 
reported in loggerhead sea turtle (Caretta 
caretta) by Keller et al. (2004) and green 
sea turtle (Chelonia mydas) by Samour et 
al. (1998). On the other hand, high num-
bers of basophils were observed in the 

South Asian box turtle, Cuora amboinen-
sis (Perpiñán et al., 2008). This difference 
may be related to gender, age, size, sea-
son, environmental parameters, environ-
mental conditions, and different stainings 
(Perpiñán et al., 2008). In turtles, the 
eosinophils are responsible for phagocytic 
activity, especially involved in the de-
struction of parasites. Based on the re-
sults, no significant differences in eosino-
phils’ number were observed between the 
two sexes. Similar observations were re-
ported in Mediterranean pond turtles by 
Hidalgo-Vila et al. (2007). The average 
amount of eosinophils in M. caspica was 
4.86 ± 0.28 % and 4.14 ± 0.38 % in males 
and females, respectively. These values 
were lower than those reported in other 
species of turtles (Hidalgo-Vila et al., 
2007). In the study of Muñoz & De la 
Fuente (2004), female M. caspica had a 
lower heterophil percentage than males, 
although no differences were observed 
between the sexes in monocyte and eosi-
nophil percentages. Season, age, and spe-
cies are some main variables affecting 
peripheral eosinophil concentrations in 
various chelonians (Yu et al., 2013).  

Despite that measurements of blood 
biochemical and physiological parameters 
are commonly used as diagnostic tools in 
aquatic toxicology and bio-monitoring 
(Kophamel et al., 2022), to the best of our 
knowledge, there are no references for 
Caspian pond turtle from the southern 
basin of Caspian Sea. Liver enzymes in 
aquatic animals are considered indicators 
of hepatic activity and changes in the se-
cretion of liver enzymes can be affected 
by physical and chemical parameters of 
water, density, cultivation conditions, type 
of diet, age, gender, and health status 
(Omonona et al., 2011). LDH and CK are 
crucial enzymes to evaluate the antioxi-
dant capacity and general health status of 
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fish, while the ALT, ALP, and AST val-
ues are often measured to determine the 
liver damage in animals (Wagner & 
Congleton, 2004). Their activity is modu-
lated by sex, salinity, nutrition, sampling 
season, health status, growing conditions, 
stress factors, habitat, and sex hormones 
(Yu et al., 2013). Based on our results, 
male turtles had higher mean values for 
AST, ALP and CK than female turtles. 
Similar findings were reported in M. mu-
tica by Yu et al. (2013) although, as re-
ported by Omonona et al. (2011) in P. 
sinuatus, Hidalgo-Vila et al. (2007) in 
Mediterranean pond turtles and Yilmaz 
and Tosunoglu (2010) in Emys orbicularis 
and Mauremys rivulata, no significant 
difference was observed in liver enzyme 
activity.  

In accordance with the studies of 
Hidalgo-Vila et al. (2007), Metin et al. 
(2008), and Yu et al. (2013), our results 
showed no significant sex differences in 
triglycerides, cholesterol, glucose, total 
protein, albumin, and globulin levels. 
Glucose and triglyceride levels were 
strongly influenced by handling, different 
seasons and sexes, age variations, nutri-
tion status, temperature, metabolism, mi-
gration, reproductive cycle, and matura-
tion stages (Satheeshkumar et al., 2011).  

The serum total protein can be used as 
a bioindicator to analyse the health status 
and nutrition condition of aquatic animals 
as well as a diagnostic tool for diagnosing 
infectious and non-infectious diseases. 
Based on our results, serum protein con-
centration varied from 32 to 48 g/L and no 
significant differences were observed be-
tween both sexes. Similar results were 
observed by Metin et al. (2008) and 
Omonona et al. (2011). A lower level of 
serum protein was observed during forag-
ing seasons in E. imbricata and in poor 
feeding conditions in P. expansa (Tava-

res-Dias et al., 2009). In general, changes 
in the serum total protein levels are highly 
dependent on the animal’s age, species, 
nutrition, and immune system status. 

Serum electrolytes as a part of the bio-
chemical composition of blood are chan-
ged and affected in some bacterial in-
fections, stress, environmental condition, 
nutrition, and season. In this research, no 
differences were obtained in calcium, 
phosphorus, magnesium, sodium, and 
potassium concentration between both 
sexes. Similar results were pointed out by 
Yu et al. (2013) in M. leprosa and 
Hidalgo-Vila et al. (2007) in M. mutica. 
The plasma electrolytes concentrations of 
Caspian pond turtle were consistent with 
those reported for the M. caspica (Metin 
et al., 2008), Pig-nosed turtles, Caretto-
chelys insculpta, Loggerhead sea turtles, 
Caretta caretta and C. caretta (Delgado et 
al., 2011). On the other hand, in the study 
pf Metin et al. (2008), the value of cal-
cium in female M. caspica was signifi-
cantly higher than that in male turtles.  

The changes observed in the haemato-
logical and biochemical variables of the 
Caspian pond turtle between males and 
females may reflect the impact of sex dif-
ferentiation in the physiological blood 
indices. Therefore, the results of this study 
provide knowledge of the characteristics 
of haematological indices of the Caspian 
pond turtle from the southern basin of 
Caspian Sea.  

Taken together, serum biochemical in-
dices are potential biomarkers in diagnos-
ing and evaluating maturation and health 
status in Caspian pond turtle. It is sug-
gested to perform regularly haematologi-
cal studies to monitor the physiological 
performance and health status of the Cas-
pian pond turtle. Further investigations are 
needed to elucidate the impact of size, 
sex, season, and habitat variations on 
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haemato-biochemical parameters in Cas-
pian pond turtles. 

ACKNOWLEDGEMENTS 

This study has been supervised and supported 
by the research council of the Iranian Fisheries 
Research Centre and Shahrekord University. 
The authors wish to thank Dr. David Perpiñán 
and Dr. Alessandra Pica for their kind advice. 

REFERENCES 

Ahmed, I., Q. M. Reshi & F. Fazio, 2020. The 
influence of the endogenous and exoge-
nous factors on hematological parameters 
in different fish species: A review. 
Aquaculture International, 28, 869–899. 

Arizza, V., D. Russo, F. Marrone, F. Sacco & 
M. Arculeo, 2014. Morphological charac-
terization of the blood cells in the endan-
gered Sicilian endemic pond turtle, Emys 
trinacris (Testudines, Emydidae). Italian 
Journal of Zoology, 81, 344–353. 

Cerreta, A. J., E. L., Houck, D. M., Stowe, & 
G. A. Lewbart, 2020. Hematology of the 
keeled box turtle (Cuora mouhotii). Vet-
erinary Clinical Pathology, 49, 227–231. 

Delgado, C., A. Valente, I. Quaresma, M. 
Costa & T. Dellinger, 2011. Blood bio-
chemistry reference values for wild juve-
nile loggerhead sea turtles (Caretta 
caretta) from Madeira archipelago. Jour-
nal of Wildlife Diseases, 47, 523–529. 

Ehsanpour, M., M. R. Ahmadi, A. H. Bahri, 
M. Afkhami & K. J. Reich, 2015. Plasma 
biochemistry values in wild female hawks-
bill turtles (Eretmochelys imbricata), dur-
ing nesting and foraging seasons in Qeshm 
Island, Persian Gulf. Comparative Clinical 
Pathology, 24, 561–566. 

Hidalgo-Vila, J., C. Díaz-Paniagua, N. Pérez-
Santigosa, A. Plaza, I. Camacho & F. Re-
cio, 2007. Hematologic and biochemical 
reference intervals of free-living Mediter-
ranean pond turtles (Mauremys leprosa). 
Journal of Wildlife Diseases, 43, 798–801. 

Janzen, F., M. Wilson, J. Tucker & S. Ford, 
1998. Endogenous yolk steroid hormones 
in turtles with different sex-determining 
mechanisms. General and Comparative 
Endocrinology, 111, 306–317. 

Javanbakht, H., S. Vaissi & P. Parto, 2013. 
The morphological characterization of the 
blood cells in the three species of turtle 
and tortoise in Iran. Research in Zoology, 
3, 38–44. 

Keller, J. M., J. R. Kucklick, M. A. Stamper, 
C. A. Harms & P. D. McClellan-Green, 
2004. Associations between organochlo-
rine contaminant concentrations and clini-
cal health parameters in loggerhead sea 
turtles from North Carolina, USA. Envi-
ronmental Health Perspectives, 112, 
1074–1079. 

Kophamel, S. and others 2022. Haematologi-
cal and biochemical reference intervals for 
wild green turtles (Chelonia mydas), a 
Bayesian approach for small sample sizes. 
Conservation Physiology, 10, coac043. 

Metin, K., Y. B. Koca, F. K. Kiral, S. Koca & 
O. Türkozan, 2008. Blood cell morphol-
ogy and plasma biochemistry of captive 
Mauremys caspica (Gmelin, 1774) and 
Mauremys rivulata (Valenciennes, 1833). 
Acta Veterinaria Brno, 77, 163–174. 

Miguel, C., J. H. Becker, B. S. de Freitas, L. 
B. A. Touguinha, M. Salvador & G. T. 
Oliveira, 2020. Physiological effects of in-
cidental capture and seasonality on juve-
nile green sea turtles (Chelonia mydas). 
Journal of Experimental Marine Biology 
and Ecology, 533, 151460. 

Muñoz, F. J. & M. De la Fuente, 2004. Sea-
sonal changes in lymphoid distribution of 
the turtle Mauremys caspica. Copeia, 
2004, 178–183. 

Nikinmaa, M., 1990. Erythropoiesis and the 
control of circulating red cell number. In: 
Vertebrate Red Blood Cells, Springer, pp. 
4–14. 

Omonona, A., S. Olukole & F. Fushe, 2011. 
Haematology and serum biochemical pa-
rameters in free-ranging African side neck 



M. Adel, H. Abbasi, V. Arizza, S. P. H. Shekarabi  & S. M. Al-Jufaili  

BJVM, ××, No × 9 

turtle (Pelusios sinuatus) in Ibadan, Nige-
ria. Acta Herpetologica, 6, 267–274. 

Pagano, M., I. Vazzana, A. Gentile, G. Cara-
cappa & C. Faggio, 2019. Hematological 
and biochemical parameters in Sea turtles 
(Caretta caretta) after stranding. Regional 
Studies in Marine Science, 32, 100832. 

Perpiñán, D. and others 2008. Hematology of 
the Pascagoula map turtle (Graptemys 
gibbonsi) and the southeast Asian box tur-
tle (Cuora amboinensis). Journal of Zoo 
and Wildlife Medicine, 39, 460–463. 

Pires, T. T., G. Rostan & J. E. Guimarães, 
2006. Hematologic examination and total 
protein values of sea turtles of species 
Caretta caretta (Linnaeus, 1758), in cap-
tivity, from Praia do Forte, Mata de São 
João-Bahia. Brazilian Journal of Veteri-
nary Research and Animal Science, 43, 
348–353. 

Rodríguez-Almonacid, C., G. Fuentes-
Rodríguez, L. P. González, C. Moreno-
Torres & N. E. Matta, 2022. Hematologi-
cal and blood chemistry parameters of a 
Podocnemis vogli and P. unifilis captive 
population in Colombia. Frontiers in Vet-
erinary Science, 9. 

Samour, J., J. Howlett, C. Silvanose, C. Has-
bun & S. Al-Ghais, 1998. Normal Haema-
tology of Free-Living Green Sea Turtles 
(Chelonia mydas) from the United Arab 
Emirates. Comparative Haematology In-
ternational, 8, 102–107. 

Satheeshkumar, P., D. Senthilkumar, G. Anan-
than, P. Soundarapandian & A. B. Khan, 
2011. Measurement of hematological and 
biochemical studies on wild marine car-
nivorous fishes from Vellar estuary, south-
east coast of India. Comparative Clinical 
Pathology, 20, 127–134. 

Shadkhast, M., H.-R. Shabazkia, S. A. 
Bigham, S. E. Shariati, M. Taji & M. 
Sharifianfard, 2010. The morphological 
characterization of the blood cells in the 
central Asian tortoise (Testudo horsfieldii). 
Veterinary Research Forum, 1, 134–141. 

Sinaei, M., M. Bolouki, S. Ghorbanzadeh & 
M. Talebi Matin, 2019. Evaluation of he-

matological and plasma biochemical pa-
rameters in green sea turtle (Chelonia my-
das Linnaeus, 1758) from nesting colonies 
of the northern coast the Sea of Oman. 
Iranian Journal of Fisheries Sciences, 18, 
891–902. 

Soltanian, S., R. Fallahi & M. Fereidouni, 
2018. Effects of diazinon on some innate 
resistance parameters in the Caspian pond 
turtle (Mauremys caspica caspica). Bul-
garian Journal of Veterinary Medicine, 
21, 212–223. 

Soltanian, S., A. Gholamhosseini, M. Banaee, 
R. Salighehzadeh & M. S. Fereidouni, 
2021. Hematological and biochemical ref-
erence intervals for Euphrates Softshell 
Turtle (Rafetus euphraticus). Iranian 
Journal of Science and Technology, 
Transactions A: Science, 45, 1887–1894. 

Tavares-Dias, M., A. A. Oliveira-Junior, M. G. 
Silva, J. L. Marcon & J. F. Barcellos, 
2009. Comparative hematological and bio-
chemical analysis of giant turtles from the 
amazon farmed in poor and normal nutri-
tional conditions. Veterinarski Arhiv, 79, 
601–610. 

Vamberger, M. and others 2013. Conservation 
genetics and phylogeography of the poorly 
known Middle Eastern terrapin Mauremys 
caspica (Testudines, Geoemydidae). Or-
ganisms Diversity and Evolution, 13, 77–
85. 

Wagner, T. & J. L. Congleton, 2004. Blood 
chemistry correlates of nutritional condi-
tion, tissue damage & stress in migrating 
juvenile chinook salmon (Oncorhynchus 
tshawytscha). Canadian Journal of Fish-
eries and Aquatic Sciences, 61, 1066–
1074. 

Yilmaz, N. & M. Tosunoglu, 2010. Hematol-
ogy and some plasma biochemistry values 
of free-living freshwater turtles (Emys or-
bicularis and Mauremys rivulata) from 
Turkey. North-Western Journal of Zool-
ogy, 6, 107–117. 

Yu, P.-H., P.-Y. Yang, Y.-S. Chiu & C.-H. 
Chi, 2013. Hematologic and plasma bio-
chemical reference values of the yellow 



Reference values for haemato-biochemical parameters of Caspian pond turtle (Mauremys caspica)… 

BJVM, ××, No × 10 

pond turtle Mauremys mutica and the ef-
fects of sex and season. Zoological Stud-
ies, 52, 1–6. 

 
Paper received 24.05.2023; accepted for 
publication 11.07.2023 

 

 

 

 

 

 

Correspondence:  

Seyed Pezhman Hosseini Shekarabi 
Department of Fisheries Science,  
Science and Research Branch,  
Islamic Azad University, Tehran, Iran  

e-mail: hosseini.pezhman@yahoo.com 
 
 

 

 

 

 
 


	MATERIALS AND METHODS

