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Objective: The Balkan terrapin, Mauremys rivulata, is a freshwater turtle. This reptile is exposed to many environmental 
pollutants and some infectious agents, including Haemogregarina stepanowi parasite. This study was conducted to determine the 
microscopic prevalence of haemogregarine infection in M. rivulata caught in three different localities (Bozcaada, Gökçeada, and 
Dardanos) in Çanakkale province of Turkey, and assessment of some risk factors. 
Methods: Twenty-four blood samples were collected, thin blood smears were prepared, and the presence of haemogregarine 
parasites microscopically was screened. Water samples were also taken from the habitats, and these samples were analyzed 
physiochemically and microbiologically. 
Results: Morphological identification was made by detecting the sausage-shaped intra-cytoplasmic developmental stages of H. 
stepanowi, and thirteen of twenty-four turtles (54.2%) were found to be infected. The prevalence of H. stepanowi was detected 
as the highest (90.0%) in the Gökçeada district, where the water pollution is higher than in the other localities. A statistically 
significant relationship was observed between the distribution of the infection and the gender of the turtles, the temperature 
of the water, the number of faecal coliforms in water and the amount of dissolved oxygen in the water. A statistically significant 
difference was found between the localities in terms of the prevalence of H. stepanowi infection, and the infection was primarily 
detected in the Gökçeada district. 
Conclusion: This study has significance in providing information regarding haemoparasitic diseases of freshwater turtle, M. 
rivulata, in Turkey.  
Keywords: Blood parasite, Çanakkale, freshwater turtle, morphology, Türkiye

Amaç: Balkan çizgili kaplumbağası olarak bilinen Mauremys rivulata, bir tatlı su kaplumbağasıdır. Bu sürüngen, birçok çevresel 
kirleticiye ve Haemogregarina stepanowi paraziti de dahil olmak üzere bazı enfeksiyöz etkenlere maruz kalmaktadır. Bu çalışma, 
Çanakkale ilinde üç farklı lokasyonda (Bozcaada, Gökçeada ve Dardanos) yakalanan M. rivulata türü tatlı su kaplumbağalarında 
hemogregarin enfeksiyonunun mikroskobik prevalansını belirlemek ve bazı risk faktörlerini değerlendirmek amacıyla yapılmıştır. 
Yöntemler: Yirmi dört adet kan örneği alınmış, sürme kan preparatları hazırlanmış ve mikroskobik olarak hemogregarin 
parazitlerin varlığı taranmıştır. Ayrıca habitatlardan su numuneleri de alınmış ve bu numunelerin fizikokimyasal ve mikrobiyolojik 
analizleri yapılmıştır. 
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INTRODUCTION
Many factors can be listed as the reasons for the decrease in the 
number of reptile animals. Habitat loss and degradation, invasive 
species entering the habitats that alter the habitat’ structure, 
fires, environmental pollutants such as agricultural pesticides, 
industrial wastes, radioactive and anthropogenic materials, 
diseases, the use of such animals for food and medicine in some 
Asian countries, and global climate change are the most important 
of these factors (1-3). 
Parasitic diseases have a significant role among infectious 
diseases contributing to the decrease in the number of reptiles. 
Haemogregarine parasitic protozoa (Apicomplexa: Coccidia: 
Eucoccidiorida: Adeleorina) are intracellular haemoparasites 
causing infections, especially in reptiles such as lizards, turtles, 
snakes, or frogs. Turtles living in or near freshwaters are the 
most adversely affected reptiles by these parasitic agents (4-6). 
Haemogregarine parasites cause various clinical symptoms in 
freshwater turtles during their development. In the cases of 
haemogregarine infections, general weakness, anorexia, necrotic 
ulcerations on the skin and shell, decrease in motility, and skin 
hemorrhages may be encountered as indicators of poor health 
conditions (7).
Haemogregarine parasites have complex heteroxenous life cycles, 
including an indirect life cycle between invertebrate and vertebrate 
hosts. The parasites undergo asexual merogony and gametocyte 
formation stages in invertebrate hosts, mainly leeches, while they 
pass through sporogony and sexual gamogony stages in vertebrate 
hosts (8-10). Transmission occurs during leeches sucking blood 
from vertebrate hosts or when leeches are ingested by vertebrate 
hosts (8). Vertical transmission may also be a transmission route 
(11). These parasites infect erythrocytes and rarely leukocytes, 
and sausage-shaped intra-cytoplasmic gametocytes can easily be 
detected within these cells (5,9). 
Freshwater turtles living in small rivers, ponds, dams, and other 
muddy environments are pollution indicators since the turtles act 
as water purifiers by reducing algal bloom (12). Mauremys rivulata 
(Valenciennes, 1833), one of the freshwater turtles, is listed in 
Appendix II of the Convention of European Wildlife and Natural 
Habitats of 1979 (13). This species is distributed in Thrace, 
Western and Southern Anatolia in Turkey. M. rivulata lives in 
natural and artificial habitats such as streams, seasonal ponds, 
lagoons, drainage and irrigation canals, dams, and reservoirs (14). 
Turkey, which acts as a wide land bridge between the continents 
of Africa, Asia, and Europe, is located at the intersection of the 
biota of these continents due to its geographical location and 
has wide diverse herpetofauna (15). Although many studies 
concerning the freshwater turtles, which are a significant part 
of the herpetofauna of Türkiye, have been conducted (16), the 
number of studies on haemoparasitic diseases of the amphibian 
and reptilian animals constituting the herpetofauna of Türkiye is 
insufficient. 

This study was planned to determine the prevalence of a 
haemogregarine haemoparasitic agent Haemogregarina stepanowi 
in freshwater turtles of the species M. rivulata caught in the 
centre (Dardanos), Bozcaada and Gökçeada districts in Çanakkale 
province, and to evaluate the effects of various risk factors on the 
prevalence.

METHODS

Study Areas 
The study area consists of 3 localities; Bozcaada (Azmak stream 
located in Çayır area 35S417612, 4410562), Gökçeada (Kaleköy 
area 35T0405784, 4453706), Çanakkale city center (Dardanos 
area 35T445711, 4438009) which are located in Marmara Region 
of Turkey. A map of sampling localities is indicated in Figure 1. 

Physicochemical and Microbiological Analysis of 
Water Samples
Water samples were taken from each locality once and evaluated 
regarding physicochemical characteristics and microbial pollution 
(17). For this goal, water temperature, pH, electrical conductivity, 
and dissolved oxygen were measured in situ with the Hatch Lange 
trademark ecological kit. Total coliform, faecal coliform, and 
enterococcus were determined by the standard most probable 
number method (18).

Sample Collection, Clinical Examination, Species 
Identification of Captured Turtles and Carapace 
Measurements
During the field studies on the wetlands at each station, five 
turtles (5♀) from Bozcaada, nine turtles (3♂, 6♀) from Dardanos 
and ten turtles (5♂, 5♀) from Gökçeada were caught with the help 
of a net in April-July 2019. Captured turtles were macroscopically 
examined, but no health issues were observed. According to the 
morphological characteristics, all freshwater turtles caught in the 
present study were identified as the species M. rivulata belonging 
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Bulgular: H. stepanowi’nin sosis şeklindeki intrasitoplazmik gelişim evreleri tespit edilerek morfolojik tespit yapılmış ve 24 kaplumbağadan 13’ünün 
(%54,2) enfekte olduğu belirlenmiştir. H. stepanowi prevalansı su kirliliğinin diğer yerlere göre daha yüksek olduğu Gökçeada ilçesinde en yüksek düzeyde 
(%90,0) tespit edilmiştir. Enfeksiyonun dağılımı ile kaplumbağaların cinsiyeti, suyun sıcaklığı, sudaki fekal koliform sayısı ve sudaki çözünmüş oksijen 
miktarı arasında istatistiksel olarak anlamlı bir ilişki tespit edilmiştir. H. stepanowi enfeksiyonu prevalansı açısından lokaliteler arasında istatistiksel olarak 
anlamlı fark saptanmış olup, enfeksiyon başlıca Gökçeada ilçesinde tespit edilmiştir. 
Sonuç: Bu çalışma, tatlı su kaplumbağası M. rivulata'nın Türkiye’deki hemoparaziter hastalıkları hakkında bilgi vermesi açısından önem taşımaktadır.
Anahtar Kelimeler: Hemoparazit, Çanakkale, tatlı su kaplumbağası, morfoloji, Türkiye

Figure 1. Map of Çanakkale province of Türkiye depicting the 
sampling localities
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to the family Geoemydidae. The genders of the turtles were 
also determined to compare the prevalence of infection among 
genders. Additionally, the carapace length of the turtles was 
measured with a digital calliper, and the average carapace length 
for each locality was calculated (Bozcaada: 16.7 cm, Dardanos: 
16.4 cm, Gökçeada: 19.7 cm). 

Preparation of Blood Smears and Microscopic 
Examination
Two milliliters of blood sample were taken from the dorsal caudal 
vein of each turtle with the aid of a 5 mL syringe with a diameter 
of 21 needles. The stage of blood collection from turtles is shown 
in Figure 2. Thin blood smears were prepared from each blood 
sample and stained by Wright’s staining method. Then, all smears 
were examined under a light microscope (Olympus CX 31) using 
100x magnification, and the identification was made by detecting 
different developmental stages of the intraerythrocytic parasites 
(Figure 3) according to the relevant literature (10,19).

Ethical Statement
All experimental procedures were performed following the 
ethical guidelines of the Local Ethics Committee of Çanakkale 
Onsekiz Mart University (approval reference number: HADYEK, 
2018/09-06). After morphological measurements and taking 
blood samples, turtles were released to the areas where they were 
collected.

Statistical Analysis
SPSS version 25 (IBM Corp. Released 2017. IBM SPSS Statistics 
for Windows, Version 25.0. Armonk, NY: IBM Corp.) statistical 
program was used to analyze all data. Fisher’s Exact test was 
applied because the number of samples was less than 25. P-values 
were calculated to determine statistical significance among 
different gender of turtles and samples from different localities. 
Moreover, the prevalence value of H. stepanowi infection was 
statistically evaluated according to some water parameters 

where the turtles live, such as the number of faecal coliforms, 
temperature, and dissolved oxygen. 

RESULTS
The obtained data regarding physicochemical characteristics such 
as temperature, pH, electrical conductivity, and dissolved oxygen 
of water samples and some microbiological parameters measured 
during the study are indicated in Table 1. 
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Table 1. Physicochemical and microbiological characteristics 
of water samples from three localities

Parameter Bozcaada Gökçeada Dardanos

pH
8.11
(I-II)

7.54
(I-II)

8.02
(I-II)

Temperature (°C)
25.5
(II)

25.7
(II)

29.8
(III)

Electrical conductivity 
(µS/cm)

3.37
(I)

987
(I)

3.01
(I)

Dissolved O2 (mg/L)
7.43
(I)

0.13
(IV)

7.82
(I)

Total coliform
(MPN/100 mL)

4x102

(I-II)
2x103

(I-II)
0
(I)

Faecal coliform
K (MPN/100 mL)

9x101

(I-II)
9x102

(II-III)
0
(I)

Faecal enterococ
S (MPS/100 mL)

0 9x102 3x102
Figure 2. The stage of collecting blood sample from a 
freshwater turtle

Figure 3. Photomicrographs of intraerythrocytic stages of 
Haemogregarina stepanowi Danilewsky, 1885 from Mauremys 
rivulata (Wright stain method) (X100 magnification), 
Trophozoites including many vacuoles (A-C), premeronts of 
Haemogregarina stepanowi with centric erythrocyte nucleus 
(without vacuoles) (D-F), different morphotypes of mature 
gamonts (G-I)
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According to microbiological measurements performed in the 
study, it has been determined that three localities have I. quality 
water (high-quality water) in terms of total coliform counts. 
However, it has been determined that Bozcaada and Dardanos 
are included in the first quality water classes and Gökçeada in 
the second (slightly contaminated water) or third (contaminated 
water) quality water classes in terms of faecal coliform count. 
In addition, the Gökçeada district was found the most polluted 
locality, and the anthropogenic burden was felt highest in 
Gökçeada.
Altogether, 13 of 24 (54.2%) freshwater turtles of M. rivulata 
species were found to be infected with H. stepanowi in the study. 
The highest prevalence was detected in the Gökçeada district 
(90%). Infection rates according to sample collection areas and 
genders of the turtles are shown in Table 2. 
In the study, the effects of various factors on the distribution 
of H. stepanowi infection were statistically analyzed. It was 
determined that gender, locality, some parameters concerning 
water such as temperature, dissolved oxygen, and the number 
of faecal coliforms associated with haemogregarine infections in 
M. rivulata specimens. Infection was detected more prevalent in 
male turtles than in females in the study, and this situation was 

found statistically significant (p<0.05). A statistically significant 
difference was also found between the localities in terms of the 
prevalence of infection, and the infection was primarily detected 
in the Gökçeada district (p<0.05). It is thought that this situation 
is caused by the microbiological quality characteristics of the water 
in the Gökçeada district because the total coliform, faecal coliform, 
and faecal enterococ counts measured in this district were found to 
be higher than in the other two localities. When the faecal coliform 
count causing significant differences in the water quality rankings 
of the localities was subjected to statistical analysis, a statistically 
significant relationship was found between the number of 
faecal coliforms and the prevalence of infection (p<0.05). In 
addition, a significant relationship was determined in terms of 
the distribution of infection according to the water temperature. 
The infection rate was higher in Bozcaada and Gökçeada, where 
the water temperature was lower (p<0.05). Finally, H. stepanowi 
infection was detected less prevalent in Bozcaada and Dardanos, 
where the dissolved oxygen amount in the water is higher, 
compared to Gökçeada, where the dissolved oxygen amount is 
very low. A statistically significant relationship was found between 
the prevalence of infection and dissolved oxygen in the water. 
Statistical analysis findings are shown in Table 3.
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Table 2. Distribution of haemogregarin infection according to localities and genders

Localities Number of captured turtles Genders of turtles Infection rate 
(%)

Bozcaada 5 5♀ 2/5 (2♀)
(40%)

Gökçeada 10 5♂, 5♀ 9/10 (5♂, 4♀)
(90%)

Dardanos 9 3♂, 6♀ 2/9 (2♂)
(22.2%)

Total 24 8♂, 16♀ 13/24 (7♂, 6♀)
(54.2%)

Table 3. The results of statistical analysis comparing the distribution of H. stepanowi infection according to different parameters

  H. stepanowi
Total p

- +

Gender
Male 1 7 8

0.033
Female 10 6 16

Total  11 13 24

Locality

Dardanos 7 2 9

0.006Bozcada 3 2 5

Gökçeada 1 9 10

Total  11 13 24

Faecal coliform
I. quality 10 4 14

0.005
II. and III. quality 1 9 10

Total  11 13 24

Temperature
II. quality 4 11 15

0.033
III. quality 7 2 9

Total  11 13 24

Dissolved O2

Low 1 9 10
0.005

High 10 4 14

Total  11 13 24
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DISCUSSION
Haemogregarine protozoa are the most commonly distributed 
haemoparasitic agents of a wide range of turtles, including 
freshwater turtles worldwide. The family Haemogregarinidae 
currently consists of the genera Cryilia, Haemogregarina, 
Hepatozoon, Haemolivia, and Karyolysis. Haemogregarina stepanowi, 
which belongs to the genus Haemogregarina, is one of the most 
important species causing infections in freshwater turtles. This 
species has been reported from several freshwater turtle species 
such as Emys orbicularis, E. trinacris, M. caspica, M. rivulata and 
M. leprosa (4,19). In the present study, H. stepanowi was detected 
with a prevalence value of 54.2 percent of M. rivulata specimens 
collected from 3 different localities in Çanakkale province located 
in the Marmara Region, Türkiye. 
Many studies report Haemogregarina infections in freshwater 
turtles, and studies on freshwater turtles and other reptiles 
have increased in recent years (6,20,21). However, as a result 
of the literature review, it was determined that studies on 
haemogregarine infections of freshwater turtles in Türkiye 
are scarce. Dvořáková et al. (19) investigated the prevalence 
of H. stepanowi in western Palaearctic freshwater turtles of the 
Emys and Mauremys genera in a study conducted in Türkiye. 
The prevalence of H. stepanowi in freshwater turtle species of 
M. caspica and E. orbicularis collected from Diyarbakır province 
was determined as 33.3% and 100%, respectively. They also 
determined the prevalence of infection as 54.5% in M. rivulata 
species collected from three different localities (Balıkesir, Selçuk, 
and Kemer). In addition, they pointed out that H. stepanowi has 
a wide distribution from North Africa to Europe, from Türkiye 
and the Middle East to Iran (19). Mauremys rivulata species, 
which constitute the materials of this study, were collected 
from Çanakkale, which is geographically relatively close to the 
mentioned places, and the infection rate in M. rivulata freshwater 
turtles was found to be very close (54.2%) to the prevalence 
determined in the previous study (54.5%). This situation may be 
attributed to the similar habitats or climatic conditions in which 
freshwater turtles live.
Haemogregarine infections of freshwater turtles may differ from 
region to region depending on environmental pollution (22). 
The effects of different pollutants in two different areas on leech 
infestations and haemogregarine infections were investigated 
in Phrynop geoffroanus, which is commonly known as Geoffroy’s 
side-necked turtle. It was noted that turtles living in urban areas 
exhibit a higher parasitism rate due to human impact on land use 
and domestic and industrial waste production (23). The effects of 
some factors on the prevalence of infections were also investigated 
by physicochemical and microbiological analyzes of the waters 
where the turtles are found in this study. The prevalence of H. 
stepanowi was found to be the highest (90%) in Gökçeada, where 
the highest microbiological water pollution was detected in the 
present study. In addition, a statistically significant association 
was found between the prevalence of H. stepanowi infection and 
the temperature of the water, and the amount of dissolved oxygen 
in the water. The prevalence was found to be higher in Bozcaada 
and Gökçeada, which have II. quality water according to water 
temperature, compared to Dardanos (III. quality). An inverse 
association was determined between the amount of dissolved 
oxygen in the water and the prevalence of infection. Accordingly, 
the highest infection rate was found in Gökçeada, with the lowest 

dissolved oxygen. Although it is a known fact that the mentioned 
parameters regarding water are seriously affected by various 
pollutants such as bacterial microorganisms, all these findings 
support the view that haemogregarine infections increase in 
freshwater turtles due to water pollution.
Another factor thought to be effective in the prevalence of the 
infection among individuals is the size of the turtles. Larger turtles 
have a wider surface area; therefore, leech infestations are more 
common in these turtles than in small ones. This situation also 
increases haemogregarine infection for larger turtles (24). In the 
present study, the higher prevalence of infection determined in 
the Gökçeada district, where the average length of carapace is the 
highest, supports this view. Although some studies show that the 
gender factor also affects the prevalence of the haemogregarine 
parasite in male and female turtles, different results have been 
obtained regarding this situation (22). Özvegy et al. (7) could 
not detect a statistically significant difference in the prevalence 
of Haemogregarine spp. between male and female turtles. The 
prevalence value in male turtles was found to be higher, with a 
statistically significant difference in this study. 
Haemogregarine parasites can cause a decrease in haemoglobin 
concentration in erythrocytes resulting in insufficient oxygen 
transportation to tissues (25). Depending on the severity of 
infection, the general health status is adversely affected, and 
symptoms such as weakness, reluctance to move, and anorexia 
may occur in turtle populations exposed to haemogregarine 
parasites. Skin haemorrhages and necrotic ulcerations on the shell 
and skin are other symptoms that can be seen in severe infections 
(7,26). No macroscopic abnormalities or signs of haemogregarine 
infection were detected in the turtles examined in this study. This 
situation is thought to be due to the low parasitemia detected in 
microscopic examination. 

CONCLUSION
This study will contribute to expanding the knowledge about 
the prevalence and epidemiology of H. stepanowi infections in 
freshwater turtles whose haemoparasitic infections have been 
rarely studied in Türkiye. The overall microscopic prevalence 
of H. stepanowi was 54.2% in apparently healthy M. rivulata 
freshwater turtles. It was statistically determined that some 
water-related parameters and gender played an important role in 
the distribution of infections in the present study. The prevalence 
value was found to be the highest in the Gökçeada district, where 
the water pollution and carapace length of turtles were the highest. 
Increasing environmental pollution caused by urbanization 
negatively affects the lives of many reptilian animals comprising 
Turkey’s herpetofauna. In order to prevent this situation, further 
epidemiological studies covering different geographical regions 
and detailed studies assessing more risk factors are required. 
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