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1. Introduction
There are 1116 species belonging to 202 genera and 
18 families of bats, known as flying mammals. Of these 
families, Vespertilionidae, known as the vesper bats, is 
represented by 48 genera and 407 species (Simmons, 
2005).

Myotis myotis and Myotis blythii are spread over the 
Palearctic Region. Many morphological, taxonomical, and 
biogeographic studies have been conducted concerning 
both species in Turkey (Zimmermann, 1953; Kahmann 
and Çağlar, 1960; Osborn, 1963; Çağlar, 1965; Deblase and 
Martin, 1973; Albayrak, 1985, 1990, 1993; Helversen, 1989; 
Harrison and Bates, 1991; Spitzenberger, 1996; Albayrak 
and Aşan, 2001). 

Myotis myotis and Myotis blythii are insectivorous and 
sympatric species that are regarded as ‘sibling species’. 
Many hematological studies on bat species exist in the 
literature (Jurgens et al., 1981; Basset and Wiederhielm, 
1984; Arvelo et al., 1987; Wightman et al., 1987; Wolk 
and Bogdanowicz, 1987; van der Westhuyzen, 1988; Wolk 
and Ruprecht, 1988; Korine et al., 1999; Ratnasooriya 
et al., 2005; Rodriguez-Duran and Padilla-Rodriguez, 
2008; Schinnerl et al., 2011). However, there has been no 
hematological study of the bat species in Turkey. 

Plasma biochemistry parameters and hematological 
analyses of wild-caught animals may be used to analyze 
population health and can serve as indicators of poor 
nutritional status, diseases, trauma, and environmental 
changes, such as altered habitat quality. These values have 
been used to guide the management of captive and wild 
populations (Hossain et al., 2013). 

The purpose of this study is to determine and compare 
the results of some hematological analyses in two different 
bat species in Turkey. 

2. Materials and methods
For this study, 19 bat specimens were collected from 
Balıkesir (Myotis myotis: 2 males), Kırıkkale (Myotis myotis: 
5 males, 2 females; Myotis blythii: 3 males, 5 females), and 
Hatay (Myotis blythii: 2 males) provinces of Turkey. Blood 
samples of specimens were obtained in the laboratory 
within 1 day of their capture. Samples were taken from 
the veins extending to the upper arm or from the veins 
extending to the femur and tibia in the tail membrane, via 
heparinized hematocrit capillaries (Wimsatt, 2005). After 
the procedures were performed, the bats were released 
back into the same localities.

The red blood cell (RBC) counts and white blood 
cell (WBC) counts were determined using a Neubauer 

Abstract: In this study the reference ranges belonging to some hematological parameters of Myotis myotis and Myotis blythii, collected 
from three localities in Turkey in 2012 and 2013, are given for the first time. Bats were caught using a special bat net and they were 
released after the required amount of blood sample was taken. In Myotis myotis, erythrocyte diameter was recorded as 5.04 µm and 
the number of erythrocytes and leukocytes in 1 mm3 of blood was 11.35 × 106 and 4865, respectively. While the hemoglobin level was 
14.9 g/dL, the hematocrit value was measured as 57.0%. The other values were as follows: mean cell volume (MCV) 52.40 fL, mean cell 
hemoglobin (MCH) 13.70 pg, mean cell hemoglobin concentration (MCHC) 23.30%, and amount of total protein 10.5 g/L. In Myotis 
blythii specimens, erythrocyte diameter was recorded as 5.69 µm and the number of erythrocytes and leukocytes in 1 mm3 of blood was 
14.52 × 106 and 4296, respectively. While the hemoglobin level was 13.09 g/dL, the hematocrit value was measured as 60.20%. The other 
values measured as follows: MCV 43.67 fL, MCH 9.70 pg, MCHC 21.70%, and amount of total protein 10.625 g/L. 

Key words: Hematology, blood cells, Myotis myotis, Myotis blythii, Turkey

Received: 22.09.2015              Accepted/Published Online: 08.12.2015              Final Version: 07.04.2016

Research Article



389

ALBAYRAK et al. / Turk J Zool

hemocytometer where standard Hayem’s solution for 
RBCs and Turk’s solution for WBCs were used as diluting 
solutions. The hematocrit (HCT) value was determined 
by the microhematocrit method. The tubes were spun in 
a microhematocrit centrifuge for 5 min at 13,000 rpm and 
the packet cell volume was calculated with a hematocrit 
reader. Hemoglobin (Hb) concentration was measured 
with a Sahli hemometer, in which 100% corresponds to 
14.5 g Hb/100 mL of blood. The mean cell volume (MCV), 
mean cell hemoglobin (MCH), and mean cell hemoglobin 
concentration (MCHC) were calculated according to 
Wintrobe’s formula (1933) and the method of Tanyer 
(1985).

Blood smears stained with Wright’s stain were used 
in describing the morphology and size of the blood cells. 
However, erythrocyte diameters were measured using a 
MOB-1-15x micrometric ocular. The blood samples were 
centrifuged at 3000 rpm for 10 min and it was ensured that 
the plasma section was isolated from the blood cells. The 
serum total protein quantity in the plasma was measured 
using a refractometer (Tanyer, 1985). Statistical analyses 
were performed with SPSS 10.00. 

3. Results
The hematological values of males and females in both 
species were pooled as there were no significant sexual 
differences in any of the measured parameters. Our results 
were compared in terms of erythrocyte diameter as well 
as some clinical hematology parameters between the two 
species.

In all samples of analyzed blood smear preparations 
stained with Wright’s stain, erythrocytes were biconcave 
disks. Cytoplasm of erythrocytes stained with Wright’s 
stain was pink. Myotis myotis specimens’ erythrocyte 
mean diameter was 5.04 µm, while that of Myotis blythii 
specimens was 5.69 µm.

In Myotis myotis specimens, the mean erythrocyte 
count was 11.35 × 106/mm3, leukocyte count was 4865/
mm3, and Hb level and HCT values were 14.9 g/dL and 
57%, respectively. The leukocyte count, Hb, MCV, MCH, 
and MCHC values of Myotis myotis specimens were 
greater than those of Myotis blythii specimens. The total 
protein values were similar in the two species (Table 1).

In Myotis blythii specimens, erythrocyte and leukocyte 
counts were 14.52 × 106/mm3 and 4296/mm3, respectively, 
while Hb level was 13.09 g/dL and HCT level was 60.20%. 
The erythrocyte counts and HCT values of Myotis blythii 
specimens were greater than those of Myotis myotis (Table 1).   

4. Discussion 
Erythrocyte diameters of Myotis myotis and Myotis blythii 
specimens were almost the same. The HCT values and 
erythrocyte counts in Myotis myotis were found to be lower 
than those of Myotis blythii. Leukocyte count, Hb, MCV, 
MCHm and MCHC values in Myotis myotis were greater 
than those of Myotis blythii. The total protein values were 
similar in these species (Table 2).

Data of our Myotis blythii specimens for erythrocyte 
diameter are similar to those of Myotis daubentonii given by 
Wolk and Bogdanowicz (1987), but values for erythrocyte 
counts and HCT values are higher. Data on Myotis blythii 
specimens for leukocyte count, Hb, MCV, MCH, and 
MCHC values were found to be lower than those of 
Myotis daubentonii (Wolk and Bogdanowicz, 1987). Some 
hematological values of Myotis myotis were compared to the 
values given for the same species by Arvelo et al. (1987); RBC 
count, hematocrit, and MCV were higher, while MCH and 
MCHC values were found to be lower. However, comparing 
the hematological values of both Myotis myotis and Myotis 
blythii to those of previous studies (Jurgens et al., 1981; 
Arvelo et al., 1987; Wolk and Bogdanowicz, 1987; Schinnerl 
et al., 2011), they are generally found to be of similar value, 
except for variances (Table 2). 

Table 1. Blood cell measurements and clinical hematology data in Myotis myotis and Myotis blythii specimens (N: Number of specimens, 
Min: minimum value, Max: maximum value, M: mean, SD: standard deviation, SE: standard error). 

Parameters
Myotis myotis Myotis blythii

N Min–Max M SD SE N Min–Max M SD SE

Erythrocyte diameter (µm) 7 4.50–7.00 5.04 0.53 -
9

4.50–7.00 5.69 0.46 -

RBCs (/mm3) 8
8,760,000–
16,300,000

11,350,000 2,479,216 876,535.4 9
10,360,000–
19,140,000

14,526,666 3,101,628.6 1,033,876.2

WBCs (/mm3) 8 3000–6400 4865 1137 401.9 9 1866–7133 4296 1991.22 663.74

Hb (g/dL) 8 11.9–19.2 14.9 2 0.8 10 10.20–17.20 13.09 1.95 0.62

HCT (%) 8 0.52–0.62 57 - - 10 49.00–69.00 60.20 5.90 1.87

MCV (fL) 8 37.42–64.77 52.40 10 3.6 9 32.92–66.60 43.67 10.93 3.64

MCH (pg) 8 9.45–19.00 13.7 4 1.3 9 6.20–16.60 9.70 3.18 1.06

MCHC (%) 8 9.8–27.9 23.30 3 1.1 10 16.45–24.93 21.70 2.39 0.76

Total Pr (g/L) 8 9.2–14.7 10.5 2 0.7 9 9.40–11.90 10.62 0.81 0.27
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Changes in the hematological values in circulatory systems 
can be related to many factors such as sex, age, physiological 
period, and environment. Leukocyte counts in bats show 
wide variations in terms of reproductive period, sex, age, and 
size (Valdivieso and Tamsitt, 1971; Ratnasooriya et al., 2005), 
because of the necessity to sustain the energy requirements of 
flight and the high oxygen-carrying capacity. This is shown 
mainly in high HB content, relatively high count of RBCs, and 
high HCT values (Wolk and Bogdanowicz, 1987). We cannot 
make any comparison of total plasma protein due to a lack of 
data in the relevant literature.

In conclusion, reference ranges have been given for the 
first time for some hematological parameters in Myotis 
myotis and Myotis blythii, which have a wide range of 
distribution in Turkey.
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Table 2. Some hematological parameters from previous studies for different Myotis species (all abbreviations are explained in Section 2).

Literature Species
Erythrocyte 
diameter (µm)

RBCs
(×106/mm3)

WBCs
 (/mm3) 

Hb
(g/dL)

HCT
(%)

MCV
(fL)

MCH
(pg)

MCHC
(%)

Present study M. blythii 5.69 14.52 4296 13.09 60.20 43.67 9.70 21.70

Present study M. myotis 5.04 11.35 4865 14.9 57 52.40 13.7 23.30

Wolk and Bogdanowicz, 1987 M. daubentonii 5.80 10.55 5345 15.4 48.9 47.75 15.10 31.50

Arvelo et al., 1987
M. nattereri - 12.59 - 20.06 59.78 47.74 15.82 33.60

M. myotis - 9.31 - 15.80 43.30 46.79 17.08 36.73

Schinnerl et al., 2011
M. elegans - - 2045 - 56.50 - - -

M. nigricans - - 5133 - 49.75 - - -

Jurgens et al., 1981 M. myotis - 11.0 3300 18.4 51 46.4 16.7 36.0
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