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Abstract. Here, the morphology of peripheral blood cells (erythrocytes, leukocytes and thrombocytes) of Testudo graeca and T. 
hermanni was studied in Wright’s stained blood smears. In both species, heterophils were notable as dominant cells in blood smears. 
For eosinophils and basophils, nucleus could not be clearly distinguished because of intensive granulation in the cytoplasm, and it 
was observed that thrombocytes were close to spherical for T. hermanni and spindle-shaped for T. graeca. 
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Introduction 
 
The genus Testudo comprises five species (Testudo graeca, T. 
hermanni, T. horsfieldii, T. kleinmanni, T. marginata) and is dis-
tributed from Western, Southern and Eastern Europe, Mid-
dle East, Central and Southern Asia to North Africa (Uetz & 
Hošek 2014). The spur-thighed tortoise, T. graeca L.1758, is 
widely spread in Western and Southern Europe, Southwest 
Asia (van Dijk et al. 2004a, Uetz & Hošek 2014). Hermann’s 
Tortoise, Testudo hermanni Gmelin, 1789, shows fragmented 
distribution in Western, Southern and Eastern Europe (van 
Dijk et al. 2004b). Both species are included in IUCN Red 
List (VU for T.graeca and NT for T.hermanni) and their popu-
lations are on decline due to habitat degradation and com-
mercial exploitation (van Dijk et al. 2004a, b). 

There is a considerable amount of literature on compara-
tive morphologies of peripheral blood cells in reptiles, focus-
ing on sexual and seasonal variations in the number and size 
of their blood cells and blood parasites (e.g. Wintrobe 1933, 
Saint Girons 1970, Roca & Galdόn 2010, Arıkan & Çiçek 
2014). Despite the high number of studies on hematology 
(Lawrence & Hawkey 1986, Mathes et al. 2006, Kassab et al. 
2009) and blood biochemistry (Lawrence 1987, Knotkava et 
al. 2002, Eshar et al. 2014, Hamooda et al. 2014) of land tor-
toises, few studies have been published on blood cells of T. 
graeca ve T. hermanni in Turkey (Uğurtaş et al. 2003, To-
sunoğlu et al. 2005). In the present study, morphology and 
size of peripheral blood cells of T. graeca and T. hermanni are 
comparatively evaluated and compared with related litera-
ture. 
 
 
Material and methods 
 
A total of 10 specimens, including 9 adult T. graeca (5 males, 4 fe-
males from Manisa, Turkey) and 1 T. hermanni (male from Tekirdağ, 
Turkey) were collected from field in May - April, 2010. The blood 
samples were obtained from caudal veins of the individuals (Szarski 
& Czopek 1966, Arıkan & Çiçek 2014) then they were released back 
in places where they caught. 

The Wright’s stained blood smear preparations were utilized to 
measure the morphology and size of erythrocytes. The erythrocytes 
were measured using MOB-1-15x micrometric ocular. On each blood 
smear preparation, the length (L) and width (W) of 40 random se-
lected erythrocytes and their nuclear length (NL) and nuclear width 
(NW) were measured. The size of erythrocytes and their nuclei were 
calculated according to the formulae (LWπ)/4 and (NLNWπ)/4. The 

cellular and nuclear shapes were compared using the L/W and 
NL/NW ratios, while the comparison of nucleus/cytoplasm ratio 
was made according to the N/C ratio (Arıkan & Çiçek 2014). Be-
sides, Leucocytes (lymphocytes, monocytes, heterophils, eosinophils, 
and basophils) and thrombocytes were also measured. The photo-
graphs of the blood cells were taken with Olympus CX21-Altra 20 
Soft Imaging system. PAST statistical program was used to perform 
statistical analyses (Hammer et al., 2001). The means were compared 
using t-test and presented with standard deviations (SD). 
 
 
Results 
 
Typical shape of erythrocytes in T. graeca and T. hermanni is 
oval and their nuclei are also oval and almost located at the 
centre of the cell. In Wright’s stained preparations, cyto-
plams are light yellowish pink and chromophilic nuclei are 
purplish black (Fig. 1A, B).  

In blood preparations of T. graeca and T. hermanni, varia-
tions were detected between the two species (t-test, P≤0.05) 
and even in the preparation belonging to the same species (t-
test, P≤0.05) in terms of length, width and size of erythro-
cytes. For T. graeca, mean length, width, size and length to 
width ratio (L/W) of erythrocytes were 17.5μm (2.07), 
11.8μm (1.59), 163.1μm2 (33.76) and 1.5 (0.22), respectively, 
while mean length, width, size and length to width ratio 
(NL/NW) of nuclei were 6.1μm (0.75), 4.9μm (0.61), 23.2μm2 
(4.83) and 1.3 (0.19), respectively (Table 1). In T. hermanni, 
mean length, width, size and length to width ratio (L/W) of 
erythrocytes were 19.2μm (1.25), 10.9μm (0.42), 164.5μm2 
(14.43) and 1.8 (0.11) , respectively, while mean length, 
width, size and length to width ratio(NL/NW) of nuclei 
were 6.9 μm (0.46), 5.7μm (0.17), 31.0μm2 (2.43) and 1.2 
(0.08), respectively. Accordingly, we can say that both eryth-
rocytes and nuclei of T. hermanni were longer and larger 
than those of T. graeca. In view of L/W ratios, erythrocytes of 
T. hermanni can be said to be more oval, as compared to T. 
graeca, and according to NL/NW ratios, nuclei of T. graeca 
can be said to be more oval, as compared to T. hermanni (t-
test, P≤0.05, Table 1).  

In blood smear preparations of two tortoises, both small 
and large lymphocytes were observed. For small lympho-
cytes, chromophilic nuclei almost filled the entire cell. Cyto-
plasm was reduced to a small zone (Fig. 1C). Mean diame-
ters of small lymphocytes measured for T. graeca and T. her-
manni were 9.1μm (0.68) and 7.9μm (0.29), respectively (Ta- 
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Figure 1. Photomicrographs of peripheral blood cells in T.graeca and T.hermanni. A: erythorcytes (T.graeca), B: erythorcytes (T.hermanni), 
C: small lymphocyte (T.graeca), D: large lymphocyte and heterophil (T.hermanni), E: monocyte (T.hermanni), F: eosinophil (T.graeca), G: 
basophil (T.hermanni), H, I : a group of thrombocytes (H: T.hermanni; I: T.graeca). horizontal bar 20µm. 
 
 

ble 2). In large lymphocytes, spherical and chromophilic nu-
cleus was located in a certain region of the cell. Cytoplasmic 
zone was more, and stained pale blue (Fig. 1D). Mean di-
ameters of large lymphocytes measured for T. graeca and T. 
hermanni were 12.1μm (0.80) and 11.7μm (0.90), respectively. 
Monocytes were observed as kidney-shaped cells with dark 
purplish blue nuclei. Their cytoplasm is light grey (Fig. 1E). 
Mean diameters of monocytes measured for T. graeca and T. 
hermanni were 12.0μm (0.59) and 13.3μm (0.84), respectively. 

In heterophils of granulocytes, the nuclei consist of 2-
lobes and their blue cytoplasms are full of numerous eosino-
philic bright red granules (Fig. 1D). Heterophils were nota-
ble as dominant cells for T. hermanni. Mean diameters of het-
erophils measured for T. graeca and T. hermanni were 9.8μm 
(0.35) and 13.2μm (0.79), respectively. Cytoplasms of eosino-
phils were stained light yellowish by Wright’s stain. The nu-

cleus was masked by large and bright granules in the cyto-
plasm so its shape could not be fully distinguished (Fig. 1F). 
Mean diameters of eosinophils measured for T. graeca and T. 
hermanni were 12.5μm (1.06) and 10.9μm (0.52), respectively. 
Cytoplasms of basophils were full of purplish black gran-
ules. As was the case for eosinophils, cytoplasmic granules 
were observed to mask the nucleus (Fig. 1G). Mean diame-
ters of basophils measured for T. graeca and T. hermanni were 
10.9μm (0.42) and 11.9μm (0.20), respectively.   
It was observed that thrombocytes were almost spherical for 
T. hermanni (Fig. 1H) and spindle-shaped for T. graeca (Fig. 
1I). Chromophilic nuclei almost filled the entire cell. Mean 
length and width of thrombocytes were 12.6μm (0.79) and 
7.4μm (0.74), respectively for T. graeca and 12.0μm (0.52) and 
6.8μm (0.16), respectively for T. hermanni. 
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Table 1. The erythrocytes and their nuclei measurements established in the peripheral bloods of T. graeca and T.hermanni. [N: number of 
specimen, L: Erythrocyte length, W: Erythrocyte width, ES: Erythrocyte size, NL: Nucleus length,  
NW: Nucleus width, NS: Nucleus size; NS/ES: Nucleocytoplasmic ratio] 

 

Species  L (μm) W (μm) NL (μm) NW (μm) LW NL/NW ES (μm2) NS (μm2) ES/NS 
T.graeca N 9 9 9 9 9 9 9 9 9 
 Mean 17.5 11.8 6.1 4.9 1.5 1.3 163.1 23.2 0.1 
 SE 0.11 0.08 0.04 0.03 0.01 0.01 1.78 0.25 0.00 
 Min 11.7 9.3 4.7 3.5 1.0 1.0 85.2 12.8 0.1 
 Max 21.0 16.3 7.0 7.0 2.3 2.0 249.3 38.4 0.3 
 SD 2.07 1.59 0.75 0.61 0.22 0.19 33.76 4.83 0.04 
T.hermanni N 1 1 1 1 1 1 1 1 1 
 Mean 19.2 10.9 6.9 5.7 1.8 1.2 164.5 31.0 5.3 
 SE 0.20 0.07 0.07 0.03 0.02 0.01 2.28 0.38 0.05 
 Min 17.0 10.0 6.0 5.0 1.6 1.0 133.5 24.5 4.8 
 Max 23.5 12.5 7.8 6.0 2.1 1.4 207.5 35.3 6.3 
 SD 1.25 0.42 0.46 0.17 0.11 0.08 14.43 2.43 .34 

 
 

Table 2. Leukocytes and thrombocytes measurements established in the peripheral bloods of T. graeca and T. hermanni.  
[TL: thrombocyte length, TW: thrombocyte width]. 

 

Species  Lymphocyte 
(small) 

Lymphocyte 
(Large) 

Monocyte 
(μm) 

Eosinophil 
(μm) 

Basophil 
(μm) 

Heterophil 
(μm) 

TL 
(μm) 

TW 
(μm) 

TNL 
(μm) 

TNW 
(μm) 

T.graeca N 9 9 9 9 9 9 9 9 9 9 
 Mean 9.1 12.1 12.0 12.5 10.9 9.8 12.6 7.4 9.0 7.2 
 SE 0.18 0.46 0.19 0.32 0.14 0.25 0.25 0.23 0.14 0.23 
 Min 8.3 11.5 11.3 11.3 10.3 9.5 11.5 6.5 8.5 6.5 
 Max 10.3 13.0 13.0 15.0 11.5 10.0 13.8 8.8 10.0 8.8 
 SD 0.68 0.80 0.59 1.06 0.42 0.35 0.79 0.74 0.45 0.74 
T.hermanni N 1 1 1 1 1 1 1 1 1 1 
 Mean 7.9 11.7 13.3 10.9 11.9 13.2 12.0 6.8 7.8 6.8 
 SE 0.06 0.16 0.25 0.17 0.07 0.15 0.17 0.05 0.34 0.04 
 Min 7.5 9.5 12.0 10.0 11.5 12.3 11.5 6.5 6.8 6.5 
 Max 8.5 13.5 15.0 11.8 12.0 15.5 13.0 7.0 9.3 7.0 
 SD 0.29 0.90 0.84 0.52 0.20 0.79 0.52 0.16 1.09 0.14 

 
 
Discussion 
 
Wintrobe (1933) argued that the size of the erythrocytes re-
flect the position of a species in the evolutionary scale. 
Lower vertebrates and those showing unsuccessful evolu-
tionary attempts have large, nucleated erythrocytes, whereas 
higher vertebrates have small, non-nucleated erythrocytes. 
Therefore, reptiles are said to be in an intermediate position 
between amphibians and birds (Szaski & Czopek 1966, Szar-
ski 1968).  

Many researchers (e.g. Hartman & Lessler 1964, Szarski 
& Czopek 1966, Saint Girons & Saint Girons 1969, Saint Gi-
rons 1970, Arıkan & Çiçek. 2014) have reported that reptiles 
constitute a heterogeneous group among vertebrates in 
terms of blood cell morphology, and show significant varia-
tions between orders and even between species of the same 
family. In reptilians, the largest erythrocytes are found in 
Sphenodon punctatus, tortoises and alligators and the smallest 
in lizards of Lacertidae (Hartman & Lessler 1964, Saint Gi-
rons & Saint Girons 1969, Saint Girons 1970). 

Reported erythrocyte lengths for Chelydra serpentina, 
Trionyx spinifer and Emys blandingi were 22.5µm, 22.2µm and 
21.0µm, respectively (Szarski & Czopek 1966). Other re-
ported values were as follows: 20.5µm for Pseudoemys scripta 
elegans by Taylor & Kaplan (1961); 19.1µm and 18.6µm for 
Gopherus polyphelmus and Pseudoemys ornata, respectively by 

Hartaman & Lessler (1964), and 18.5µm for Pseudoemys ele-
gans by Heady & Rogers (1963).  

Knotkava et al. (2002) reported a mean erythrocyte 
length of 19.5µm and width of 9.2µm for Agrionemys hors-
fieldii. Reported values of mean erythrocyte length, width 
and size were 18.82µm, 11.82µm and 174.90µm, respectively 
for T. hermanni and 18.29µm, 11.35µm, and 163µm2 for T. 
graeca (Uğurtaş et al. 2003). Calculated values of mean eryth-
rocyte length, width and size were 17.9µm, 9.9µm and 139.4 
µm2, respectively for T. graeca from Thrace region and 
18.1µm, 10.5µm and 149.1 µm2, respectively for T. hermanni 
from the same region (Tosunoğlu et al. 2005). In Libyan 
population of T. graeca, mean erythrocyte length and width 
were 18.76µm and 9.52µm, respectively for males and 19.19 
µm and 9.84µm, respectively for females (Kassab et al. 2009). 
In the current study, values of erythrocyte size found for 
both tortoises were comparable to those reported by Uğurtaş 
et al. (2003), Tosunoğlu et al. (2005) and Kassab et al. (2009). 

Saint Girons (1970) noted that small and large lympho-
cytes are dominant cells in blood smear preparations of 
various reptile species and it is not possible to clearly see the 
nucleus because of intensive granulation in the cytoplasm in 
both eosinophils and basophils. Arıkan et al. (2004) found 
similar results in blood smear preparations of certain viperid 
species from Turkey. In the current study, heterophils, one 
type of granulocytic cells, were observed as dominant cells 
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in blood smear preparations of T. hermanni. As was the case 
in previous studies (e.g. Arıkan et al. 2004, Arıkan & Çiçek 
2014 and references therein), the shape of the nucleus cannot 
be clearly distinguished due to intensive granulation in the 
cytoplasm of eosinophils and basophils. Eosinophils are the 
leucocytes which are observed the least in smear prepara-
tions (Arıkan & Çiçek 2014). In blood smear preparations of 
T. graeca, thrombocytes were observed as flattened oval cells 
with significantly chromophilic nuclei, located centrally, 
however, they were almost spherical for T. hermanni.  
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