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Abstract. - In this study, erythrocyte size and morphology of the four gecko species [Asaccus elisae, Hemidactylus
turcicus, Cyrtopodion scaber and C. heterocercus mardinensis (Gekkonidae)] from Turkey were examined. Forty-two
specimens were used in this study, of which twelve were 4. elisae, eight were H. turcicus, twelve were C. scaber, and
ten were C. h. mardinensis. Erythrocyte morphology of these examined species was described using Wright’s tech-
nique. The sizes of erythrocytes and their nuclei were measured using an ocular micrometer at a magnification of
1600x. The results of this study were compared with previous works on the other reptile species. The longest erythro-
cytes were found in H. turcicus and the shortest in A. elisae. In terms of the studied species, the nucleus and erythro-

cyte sizes were found to be correlated (Gekkonidae: » = 0.39; P < 0.001).
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Introduction

Initial studies on the blood of reptiles described the
structures, often comparing them with those of the other
vertebrates. Literature on the haematology of reptilian
blood are based on a few studies where most were con-
cerned with especially European species (Saint Girons,
1970).

Various authors have focused on the different circu-
lating blood cell types of different reptiles (Taylor and
Kaplan, 1961; Heady and Rogers, 1963; Hartman and
Lessler, 1964; Szarski and Czopek, 1966; Duguy, 1970;
Saint Girons, 1970; Mateo et al., 1984; Canfield and
Shea, 1988; Cannon et al., 1996; Alleman et al., 1999;
Seving et al., 2000; Atatiir et al., 2001; Sevinc and Ugu-
rtag, 2001; Ugurtas et al., 2003). Some authors have
studied seasonal (Hutton, 1960; Cline and Waldman,
1962; Haggag et al., 1966) or sexual (Altland and
Thompson, 1958) variations in the number of blood
cells of different reptile species. In addition, researchers
have studied the number of blood cells of different rep-
tiles (Baker and Kline, 1932; Charipper and Davis,
1932; Altland and Thompson, 1958; Hutton, 1961;
Hutchinson and Szarski, 1965; Engbretson and
Hutchinson, 1976; Mateo et al., 1984). Furthermore,
authors have also studied haemoglobin and hematocrit
content of blood and hematopoiesis of different reptiles
(Altland and Thompson, 1958; Hutton, 1961; Goin and
Jackson, 1965; Engbretson and Hutchinson, 1976;
Newlin and Ballinger, 1976; Mateo et al., 1984; Alleman
et al., 1999).

In Turkey, hematological studies have generally
been conducted on humans and some economically
important animals. However, there are few hematologi-
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cal studies of the reptiles living in this country (Seving
et al., 2000; Atatiir et al., 2001; Seving and U gurtas,
2001; Ugurtaget al., 2003).

In the current study, our aim was to describe and
measure erythrocytes of Asaccus elisae (Werner, 1895),
Hemidactylus turcicus (Linnaeus, 1758), Cyrtopodion
scaber (Heyden, 1827) and C. heterocercus mardinensis
(Mertens, 1924) which live in Turkey. This study is the
first of its kind on Turkish species.

Materials and Methods

In this study, twelve (6 males, 6 females) individuals of
Asaccus elisae, eight (4 males, 4 females) of
Hemidactylus turcicus, twelve (8 males, 4 females) of
Cyrtopodion scaber and ten (4 males, 6 females) of C.
heterocercus mardinensis (Gekkonidae) were examined.
Twenty-two specimens examined were male and twenty
were female.

The study was performed on 01-05 June 2000. H.
turcicus species were collected from Hatay (36° 34' N,
36° 09' E) and the other specimens were from sanliurfa
(36° 53' N, 39° 02' E) (Fig. 1; Table 1). Blood was
obtained by cutting the tail (Duguy, 1974). Immediately
after blood was obtained in heparinized capillary tubes,
blood smears were prepared. Three or five blood smears
were prepared per individual. The smears were air-dried
and stained with Wright’s stain (Hartman and Lessler,
1964). Twelve drops of Wright’s stain were dropped on
the slides and allowed to remain on the slide one and
half minutes before rinsing with phosphate buffer (pH
6.5). The slides were allowed to stand for ten minutes at
room temperature, were washed with distilled water,
and allowed to dry.



Vol. 10, p. 218 Asiatic Herpetological Research 2004
P
Ry Black
GR Sea GEORGIA
- S
ARMENIA
g IRAN
Aegean
Sea %, Sanhurfa
0 L
IRAQ
Mediterranean Hatay)® SYRIA
Sea 110 km

Figure 1. Collection localities.

On each slide, fifty mature erythrocytes and their
nuclei were measured by means of an ocular micrometer
at a magnification of 1600x. In this way fifty erythrocyte
sizes were calculated. Erythrocyte and nucleus measure-
ments of examined species are given in tables 2-5.
Erythrocyte and nucleus sizes were, respectively, calcu-
lated according to the formulas [(EL x EW x pi) / 4] and
[(NL x NW x pi) / 4]; where EL is the erythrocyte length,
EW is the erythrocyte width, NL is the nucleus length
and NW is the nucleus width.

Results

Erythrocytes, or red blood cells, of geckos are nucleat-
ed, oval cells. Their nuclei are also oval and centrally
located, like those of the other reptiles. The cytoplasm of
mature erythrocytes appeared both light, dark pink, and
homogeneous under Wright’s stain. Nuclei of mature
erythrocytes are chromophilic (Figs. 2-5).

Because there were no significant differences
between the erythrocyte sizes of female and male geck-
os, data from the females and males of individual
species were combined.

The longest erythrocytes were found in Hemi-
dactylus turcicus. The mean length of mature erythro-

cyte of H. turcicus was 16.98 mm (+ 1.26 standard devi-
ations, with a range of 14.64-19.52 mm) (Table 2; Fig.
6) and also erythrocyte size and length/width ratios of H.
turcicus are given in table 2.

The shortest erythrocytes were found in Asaccus
elisae. The mean length of mature erythrocytes of A.
elisae was 14.96 mm (+ 0.79 standard deviations, with a
range of 13.42-17.08 mm) (Table 3; Fig. 6). Erythrocyte
size and length/width ratios of 4. elisae are given in
table 3.

The widest erythrocytes were found in Cyrtopodion
scaber. The mean width of mature erythrocytes of C.
scaber was 10.26 mm (+ 0.78 standard deviations, with
arange of 8.54-12.20 mm) (Table 4; Fig. 7). Erythrocyte
size and length/width ratios of C. scaber are given in
table 4.

The narrowest erythrocytes were found in
Cyrtopodion heterocercus mardinensis. The mean width
of mature erythrocyte of C. h. mardinensis was 9.18 mm
(+ 0.70 standard deviations, with a range of 6.71-10.98
mm) (Table 5; Fig. 7) and also erythrocyte size and
length/width ratios of C. h. mardinensis are given in
table 5.

The longest nuclei were found in Cyrtopodion
scaber. The mean length of mature nuclei of C. scaber

Table 1. Materials list. NM: number of males; NF: number of females; CD: collection date; CL: collection locality. All
specimens are from the Zoology Museum in Uludag UniversityScience and Art Faculty, Department of Biology.

Species NM NF CD CL
Asaccus elisae 6 6 1-3 June Sanliurfa
Hemidactylus turcicus 4 4 4-5 June Hatay
Cyrtopodion scaber 8 4 1-3 June Sanliurfa
C. heterocercus mardinensis 4 6 1-3 June Sanliurfa
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Figure 2. Erythrocyte and nucleus sizes of Hemidactylus
turcicus.

Figure 4. Erythrocyte and nucleus sizes of Cyrtopodion
scaber.

was 6.81 mm (+ 0.60 standard deviations, with a range
of 5.49-8.54 mm) (Table 4; Fig. 6). Nucleus size and
length/width ratios of C. scaber are given in table 4.

The shortest nuclei were found in Asaccus elisae.
The mean length of mature nuclei of 4. elisae was 6.06
mm (+ 0.58 standard deviations, with a range of 4.88-
7.32 mm) (Table 3; Fig. 6). Nucleus size and
length/width ratios of A. elisae are given in table 3.

The widest nuclei were found in Cyrtopodion hete-
rocercus mardinensis. The mean width of mature nuclei
of C. h. mardinensis was 3.78 mm (+ 0.44 standard devi-
ations, with a range of 3.05-4.88 mm) (Table 5; Fig. 7).
Nucleus size and length/width ratios of C. h. mardinen-
sis are given in table 5.

The narrowest nuclei were found in Hemidactylus
turcicus. The mean width of mature nuclei of H. turcicus
was 3.53 mm (+ 0.42 standard deviations, with a range
of 3.05-4.27 mm) (Table 2; Fig. 7). Nucleus size and
length/width ratios of H. turcicus are given in table 2.

Discussion

Investigations carried out by various authors (Hartman
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Figure 3. Erythrocyte and nucleus sizes of Asaccus

elisae.
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Figure 5. Erythrocyte and nucleus of Cyrtopodion hetero-
cercus mardinensis.

and Lessler, 1964; Szarski and Czopek, 1966; Saint
Girons, 1970; Seving et al., 2000; Seving and Ugurtas,
2001; Atatiir et al., 2001; Ugurtaset al., 2003) reported
that the sizes of erythrocytes vary in members of the
four orders of reptiles.

Within the class Reptilia, the largest erythrocytes
are seen in Sphenodon punctatus, turtles, and crocodil-
ians (Hartman and Lessler, 1964; Saint Girons, 1970;
Alleman et al., 1984).

Cryptodiran turtles have the largest erythrocytes
from all previously studied reptiles (Saint Girons, 1970).
The shortest erythrocytes are found in the Lacertidae
family (Hartman and Lessler, 1964; Saint Girons, 1970;
Seving et al., 2000; Seving and Ugurtag, 2001).

Saint Girons (1970) reported erythrocytes and
nuclei measurements of some gecko species. In
Coleonyx variegatus, erythrocyte length is 18.9 pm and
width is 9.6 pm; nucleus length is 7.3 um and width is
3.7 pm. In Gehyra variegata, erythrocyte length is 17.2
pm and width is 11.5 pm; nucleus length is 6.3 pm and
width is 3.8 um. In Heteronota binoei, erythrocyte
length is 21.4 pm and width is 10.7 um; nucleus length
is 8.1 um and width is 3.4 pm.
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Table 2. Erythrocyte dimensions of Hemidactylus turcicus with standard deviations. EL: erythrocyte length; EW: ery-
throcyte width; ES: erythrocyte size; NL: nucleus length; NW: nucleus width; NS: nucleus size.

EL (um) EW (um) EL/EW (um) ES (um) NS/ES (um)
Maximum 19.52 + 1.26 11.59 + 0.67 2.07 £+ 0.14 166.50 + 15.45 0.20 + 0.02
Minimum 14.64 + 1.26 7.93 +0.67 142 +0.14 94.93 + 15.45 0.09 + 0.02
Mean 16.98 + 1.26 9.69 + 0.67 1.76 £ 0.14 129.50 + 15.45 0.14 + 0.02
NL (um) NW (um) NL/NW (um) NS (um)
Maximum 7.93+£0.59 427 £0.42 240 £0.22 26.58 + 3.17
Minimum 4.88 £ 0.59 3.05+042 143 +£0.22 11.68+ 3.17
Mean 6.41 £ 0.59 3.53+0.42 1.83 £0.22 17.84+ 3.17

Table 3. Erythrocyte dimensions of Asaccus elisae with standard deviations. EL: erythrocyte length; EW: erythrocyte
width; ES: erythrocyte size; NL: nucleus length; NW: nucleus width; NS: nucleus size.

EL (um) EW (um) EL/EW (um) ES (um) NS/ES (um)
Maximum 17.08 £ 0.79 10.98 + 0.66 2.08 £ 0.14 142.00 £ 10.38 0.27 £ 0.03
Minimum 13.42 +£0.79 7.32 £ 0.66 1.29 £ 0.14 83.54 £ 10.38 0.11 £0.03
Mean 14.96 + 0.79 9.26 + 0.66 1.62 £0.14 108.80 + 10.38 0.16 £ 0.03
NL (um) NW (um) NL/NW (um) NS (um)
Maximum 7.32+0.58 4.88 £ 0.41 240+ 0.25 23.37 £ 247
Minimum 4.88 £ 0.58 3.05+0.41 1.14£0.25 11.68 + 2.47
Mean 6.06 + 0.58 3.62 +0.41 1.69 £0.25 17.24 + 2.47

Table 4. Erythrocyte dimensions of Cyrtopodion scaber with standard deviations. EL: erythrocyte length; EW: ery-
throcyte width; ES: erythrocyte size; NL: nucleus length; NW: nucleus width; NS: nucleus size.

EL (um) EW (um) EL/EW (um) ES (um) NS/ES (um)
Maximum 18.30 £ 0.88 12.20 £ 0.78 1.93+0.13 175.30 £ 13.93 0.23 +0.02
Minimum 14.64 + 0.88 8.54 +0.78 1.33+£0.78 102.20 £ 13.93 0.10 £ 0.02
Mean 16.20 £ 0.88 10.26 £ 0.78 1.59 £ 0.78 130.60 + 13.93 0.15+0.02

NL (um) NW (um) NL/NW (um) NS (um)

Maximum 8.54 + 0.60 4.88 £ 047 2.75+0.26 30.38 £ 3.42
Minimum 5.49 + 0.60 244 +0.47 1.38 £ 0.26 12.85 + 3.42
Mean 6.81 + 0.60 3.65 + 0.47 1.89 £ 0.26 19.53 + 3.42

Table 5. Erythrocyte dimensions of Cyrtopodion heterocercus mardinensis with standard deviations. EL: erythrocyte
length; EW: erythrocyte width; ES: erythrocyte size; NL: nucleus length; NW: nucleus width; NS: nucleus size.

EL (um) EW (um) EL/EW (um) ES (um) NS/ES (um)
Maximum 17.69 + 0.85 10.98 + 0.70 227 +0.16 147.20 £ 11.00 0.28 +0.03
Minimum 14.03 + 0.85 6.71+£0.70 1.39£0.16 80.33 + 11.00 0.12 +0.03
Mean 15.65 + 0.85 9.18 £ 0.70 1.71+£0.16 112.80 = 11.00 0.17 £ 0.03

NL (um) NW (um) NL/NW (um) NS (um)

Maximum 7.93 £ 0.62 4.88 +0.44 2.40+0.25 30.38 + 3.10
Minimum 5.49 + 0.62 3.05+0.44 1.13+0.25 13.14 £ 3.10
Mean 6.56 + 0.62 3.78+0.44 1.76 £ 0.25 19.49 + 3.10
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Figure 6. Erythrocyte and nucleus lengths of examined specimens.

Asaccus elisae

Cannon et al. (1996) reported the leukocyte mor-
phology and size of the roughtail gecko Cyrtopodion
scabrum. However, they did not report any information
on the erythrocyte of this species.

In reptiles, the numbers of erythrocytes are smaller
than in mammals or birds. Lizards have more erythro-
cytes than snakes, and turtles have the fewest. Since
lizards have the smallest erythrocytes of all reptiles, and
turtles the largest, there may be an inverse correlation
between the number of erythrocytes and their size; this
hypothesis was advanced by Ryerson (1949) (Duguy,
1970).

In this study, the longest erythrocytes were found in
H. turcicus, the shortest in A. elisae, the largest in C.
scaber and the narrowest in C. heterocercus mardinen-
sis. The longest nuclei were found in C. scaber, the
shortest 4. elisae, the largest in C. heterocercus mardi-
nensis and the narrowest in H. turcicus (Tables 2-5; Figs.
6,7).

Cyrtopodion

I Erythrocyte
H Nucleus

C. heterocercus

scaber mardinensis

In the present study, erythrocyte morphology and
the results of erythrocytes and nuclei sizes (Tables 2-5;
Figs. 6,7) are agreement with the other results carried
out by (Saint Girons, 1970).

Acknowledgments

The authors would like to thank to MSc. student
Abdiilmiittalip Akkaya for helping during studies.

Literature Cited

Alleman, A. R., E. R. Jacopson, and E. R. Raskin. 1992.
Morphologic, cytochemical staining and ultrastruc-
tural characteristics of blood cells from eastern dia-
mondback rattlesnake (Crotalus adamanteus).
American Journal of Veterinary Research 60:507-
514.

12
. 9.26

10 ' H Erythrocyte
-~ 8 B Nucleus
E
s 6
- !
=4

0

Asaccus elisae Hemidactylus Cyrtopodion C. heterocercus
turcicus scaber mardinensis

Examined species
Figure 7. Erythrocyte and nucleus widths of examined species.



Vol. 10, p. 222

Asiatic Herpetological Research

2004

Altland, P. D. and E. C. Thompson. 1958. Some factors
affecting blood formation in turtles. Proceedings of
the Society of Experimental Biology and Medicine
99:456-459.

Atatiir, M. K., H. Arkan, E. Cevik, and A. Mermer. 2001.
Erythrocyte measurements of some scincids from
Turkey. Turkish Journal of Zoology 25:149-152.

Baker, E. G S. and L. E. Kline. 1932. Comparative ery-
throcyte count of representative vertebrates.
Proceedings of the Indian Academy of Science
41:417-418.

Canfield, P. J. and G. M. Shea. 1988. Morphological
observations on the erythrocytes, leukocytes and
thrombocytes of blue tongue lizards (Lacertilia:
Scincidae, Tiliqua). Anatomia, Histologia,
Embryologia 17:328-342.

Cannon, M. S., D. A. Freed, and P. S. Freed. 1996. The
leukocytes of the roughtail gecko Cyrtopodion
scabrum: a bright-field and phase-contrast study.
Anat. Histol. Embryol. 25:11-14.

Charipper, H. A., and D. Davis. 1932. Studies on the
arneth count. A study of the blood cells of
Pseudemys elegans with special reference to the
polymorphonuclear leukocytes. Quarterly Journal
of Experimental Physiology 21:371-382.

Cline, M. J. and T. A. Waldmann. 1962. Effect of tem-
perature on red cells in the alligator. Proceedings fo
the Society of Experimental Biology and Medicine
111:716-718.

Duguy, R. 1970. Numbers of blood cells and their vari-
ation. Pp. 93-104 In Gans (ed.), Biology of the
Reptilia, Vol. 3, Morphology C. Academic Press,
New York

Engbretson, G. A. and V. H. Hutchinson. 1976.
Erythrocyte count, hematocrit and haemoglobin
content in the lizard Liolaemus multiformis. Copeia
1:186.

Goin, C. J. and C. G. Jackson. 1965. Hemoglobin val-
ues of some amphibians and reptiles from Florida.
Herpetologica 21:145-146.

Haggag, G, K. A. Raheem, and F. Khalil. 1966.
Hibernation in reptiles II changes in blood glucose,
haemoglobin, red blood cells count, protein and
nonprotein nitrogen. Comparative Biochemistry
and Physiology 17:335-339.

Hartman, F. A. and M. A. Lessler. 1964. Erythrocyte
measurements in fishes, amphibians and reptiles.
Biological Bulletin 126:83-88.

Heady, J. M. and T. E. Rogers. 1963. Turtle blood cell
morphology. Proceedings of the Jowa Academy of
Sciences 69:587-590.

Hutchinson, V. H. and H. Szarski. 1965. Number of ery-
throcytes in some amphibians and reptiles. Copeia
3:373-375.

Hutton, K. E. 1960. Seasonal physiological changes in
the red-eared turtle Pseudemys scripta elegans.
Copeia 4:360-362.

Hutton, K. E. 1961. Blood volume, corpuscular con-
stants and shell weight in turtles. American Journal
of Physiology 200:1004-1006.

Mateo, M. R., E. D. Roberts, and F. M. Enright. 1984.
Morphologic, cytochemical and functional studies
of peripheral blood cells from young healthy
American alligators (Alligator mississippiensis).
American Journal of Veterinary Research 45:1046-
1053.

Newlin, M. E. and R. E. Ballinger. 1976. Blood haemo-
globin concentration in four species of lizards.
Copeia 2:392-394.

Saint Girons, M. C. 1970. Morphology of the circulating
blood cells. Pp. 73-91 In Gans (ed.), Biology of the
Reptilia, Vol. 3, Morphology C. Academic Press,
New York

Seving, M. and [. H. Ugurtas. 2001. The morphology and
size of blood cells of Lacerta rudis bithynica
(Squamata, Reptilia) Turkey. Asiatic Herpetological
Research 9:122-129.

Seving, M., 1. H. Ugurtag, and H. S. Yidinmhan. 2000.
Erythrocyte measurements in Lacerta rudis
(Reptilia, Lacertidae). Turkish Journal of Zoology
24:207-2009.



2004 Asiatic Herpetological Research Vol. 10, p. 223

Szarski, H. and G. Czopek. 1966. Erythrocyte diameter
in some amphibians and reptiles. Bulletin de
I’Academie Polonaise des Science. Classe 2. Serie
des Sciences Biologiques 14(6):437-443.

Taylor, K. and H. M. Kaplan. 1961. Light microscopy of
the blood cells of pseudemyd turtles. Herpetologica
17:186-196.

Ugurtag, I. H, M. Seving, and H. S. Yildrmhan. 2003.
Erythrocyte size and morphology of some tortoises
and turtles from Turkey. Zoological Studies
42(1):173-178.



