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Abstract: The Grass Snake (Natrix natrix) and the Dice Snake (Natrix tessellata) are potential bioindicator water snake species in 
certain aquatic habitats. The aim of this study is to evaluate the frequency of erythrocytic abnormalities, immature erythrocyte 
index, and nuclear abnormalities in Natrix natrix and Natrix tessellata from Biga Stream in Çanakkale, Türkiye. Erythrocytic 
abnormalities and nuclear abnormalities such as micronuclei, lobbed nuclei, notched nuclei, blebbed nuclei, and binucleate cells 
were observed in peripheral blood smears for each sample. According to our results, total erythrocytic abnormalities in N. natrix 
(3.01±0.55%) were higher than in N. tessellata (2.52±0.32%). Similarly, the frequency of total nuclear abnormalities in N. natrix 
(13.40±2.7%) was higher than in N. tessellata (12.68±5.81%) but there was no statistically significant difference in total 
erythrocytic and nuclear abnormalities. However, student's t-test revealed that there was a statistically significant difference 
between the two species only in terms of immature erythrocyte index (p: 0.008) which was higher in N. natrix. Due to the 
results, it was suggested that N. natrix may exhibit more physiological responses to envirenmental stress factors. 

Keywords: Grass snake, dice snake, micronucleus test, ecotoxicology. 

Biga Çayı (Çanakkale, Türkiye)’nda Dağılış Gösteren Natrix sp.’lerin Eritrositik ve Nüklear 
Anormallikleri 

Öz: Yarı Sucul Yılan (Natrix natrix) ve Su Yılanı (Natrix tessellata), belirli sucul habitatlarda potansiyel biyoindikatör olan yılan 
türleridir. Bu çalışmanın amacı, Biga Çayı’nda (Çanakkale, Türkiye) bulunan Natrix natrix ve Natrix tessellata türlerinin 
eritrositik anormallik frekansı, olgunlaşmamış eritrosit indeksi ve nüklear anormallik frekansının belirlenmesidir. Her bir örnek 
için periferik kan yaymalarında, eritrositik anormallikler ve mikronükleus, loblu nükleus, çentikli nükleus, tomurcuklu 
nükleus, binükleat hücre gibi nüklear anormallikler gözlenmiştir. Sonuçlarımıza göre, N. natrix’teki toplam eritrositik 
anormallikler (%3.01±0.55) N. tessellata’dan (%2.52±0.32) daha yüksektir. Aynı şekilde N. natrix’teki toplam nüklear anormallik 
frekansının (%13.40±2.7) da N. tessellata’dan (%12.68±5.81) daha yüksek olduğu tespit edilmiştir fakat toplam eritrositik ve 
nüklear anormallikler bakımından istatistiksel olarak anlamlı bir fark bulunmamıştır. Ancak, student t testi ile iki tür arasında 
sadece olgunlaşmamış eritrosit indeksi (p: 0.008) açısından istatistiksel olarak anlamlı farklılık olduğu, N. natrix’de daha yüksek 
olduğu ortaya konmuştur. Bu sonuçlar doğrultusunda N. natrix’in çevresel stres faktörlerine karşı daha fazla fizyolojik tepkiler 
gösterebileceği düşünülmektedir. 

Anahtar kelimeler: Yarı sucul yılan, su yılanı, mikronükleus testi, ekotoksikoloji. 

1. Introduction 

Assessing the health and function of ecosystems demands 
comprehensive data which may include the use of 
bioindicator species (O’Connor & Dewling, 1986; Paoletti & 
Sommaggio, 1996; Sharma & Rawat, 2009; Siddig et al., 
2016). Large reptilian predators, such as snakes, are 
increasingly acknowledged as a valuable bioindicator to 
monitor ecosystem health (Manolis et al., 2002; Haskins et 
al., 2021; Lettoof et al., 2022). Water snakes consume both 
aquatic and terrestrial food sources and occupy a 
remarkable trophic level in their ecosystems so that these 
animals could accumulate environmental pollutants owing 
to their wide geographic range and population density 
(Valbona et al., 2015).  

In Türkiye, there are two species within the Natrix 
genus: N. natrix and N. tessellata. N. natrix predominantly 
inhabits grassy and rocky areas closer to water. It can also 
be found in stagnant and flowing waters as well as in fields 

and gardens. N. tessellata lives in and around water bodies 
(Baran et al., 2012). In habitats where these two species 
coexist, N. tessellata predominantly inhabits aquatic 
environments and feeds almost exclusively on fish. In 
contrast, N. natrix prefers moist areas that are close to 
water and primarily preys on amphibians with larger 
individuals occasionally consuming small birds, rodents, 
or lizards (Hojati et al., 2013). N. natrix is observed in 
suitable habitats everywhere except for the Southeastern 
Anatolia Region while N. tessellata is observed in suitable 
habitats everywhere except for the eastern parts of the 
Eastern Black Sea and Inner Anatolia regions in Türkiye 
(Baran et al., 2012). According to the International Union 
for Conservation of Nature (IUCN) Red List for 
endangered species, both N. natrix and N. tessellata are 
assessed as “least concern” (LC). However, evaluations of 
the European populations of N. tessellata indicates 
decreasing population (IUCN, 2023). Previous studies that 
suggest abnormalities in the erythrocytes of N. natrix 
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indicate the impact of cytotoxic and genotoxic 
contaminants (Valbona et al., 2015) and findings about 
metal bioaccumulation regarding environmental pollution 
caused by heavy metals in N. tessellata (Yermolenko et al., 
2019) making these water snake species a bioindicator for 
assessing the health of freshwater ecosystems. There are 
some hematological (Tok et al., 2006; Tosunoğlu et al., 2011; 
Gül et al., 2018; 2019), plasma biochemical (Erdoğan & 
Tosunoğlu, 2017), and nuclear abnormality (Tok et al., 
2014) studies conducted on Natrix species in Türkiye. 

The examination of blood smears is an invasive and 
easy method that has proven effective in evaluating the 
health and physiological condition of animals in natural 
habitats (Arıkan & Çiçek, 2010; van der Horst et al., 2012). 
Recently, morphological alterations in erythrocytes can be 
used as significant biomarkers for assessing the impacts of 
environmental pollution (Strunjak-Perović et al., 2010). The 
alterations in erythrocyte morphology may serve as a 
supplementary method for predicting genotoxicity (Pollo 
et al., 2019). In addition to erythrocytic cell abnormalities, 
the presence of micronuclei formation and the occurrence 
of nuclear abnormalities were utilized as parameters to 
indicate the genotoxic effects (Carrasco et al., 1990; 
Nascimento et al., 2010; Marcussi et al., 2011; Valbona et al., 
2015). 

The increased variety and quantity of pollutants have 
necessitated the development of several bioassay test 
systems to evaluate the genotoxic effects caused by these 
agents in living organisms. Short-term genotoxicity tests 
are widely utilized to monitor the potential harm of 
various chemicals to humans, animals, and plants. Among 
these tests, the Micronucleus test (MN) is employed to 
assess the biological impacts of water pollutants on 
genotoxic damage in organisms dwelling in aquatic 
environments (Frenzilli et al., 2009; Bolognesi & Hayashi, 
2011; Kousar & Javed, 2015). MN serves as a continuous 

and effective means to evaluate pollution levels in aquatic 
environments (Obiakor et al., 2012). However, recently, 
other nuclear abnormalities such as lobbed nuclei (LB), 
notched nuclei (NT), and blebbed nuclei (BL) have been 
identified and described to monitor the genotoxic effects of 
pollutants. Assessing the number of micronuclei alongside 
other nuclear abnormalities formed in the cells of various 
species exposed to different environmental pollutants can 
aid in evaluating the genotoxic effects of these pollutants 
(Strunjak-Perovic et al., 2010). In recent years, nuclear 
abnormalities have been combined with micronucleus 
analysis to assess the effects of pollutants in various species 
(Ergene et al., 2007; Guilherme et al., 2008; Napierska et al., 
2009; Strunjak-Perovic et al., 2010). 

The objective of this study was to assess the possible 
damages on erythrocytes inflicted by water pollution on 
Natrix natrix and Natrix tessellata from the Biga Stream 
(Çanakkale, Türkiye) as ophidian bioindicator oganisms by 
examining erythrocytic and nuclear abnormalities and 
immature erythrocyte index. 

2. Material and Methods 

2.1. Study area 

Çanakkale is in the northwest of Türkiye with its lands 
extending over the Gelibolu Peninsula and the Biga 
Peninsula in Asia and Europe. One of the biggest streams 
in Biga Peninsula is Biga Stream. Due to its drainage areas 
intersecting with numerous settlements, Biga Stream is 
under the threat of pollution. Additionally, the stream is 
under pressure due to the expansion of nearby landfills 
and agricultural areas (Akbulut et al., 2006). Since both 
Natrix species (N. natrix and N. tessellata) coexist 
sympatrically in the Biga Stream, this study was conducted 
in a locality (40º22’23.00” N; 27º18’37.51” E) near the point 
where the stream flows into the sea (Fig. 1). 

 

Figure 1. Study site. 
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2.2. Data collection  

Natrix natrix (n =12) and N. tessellata (n =14) specimens 
were captured from the Biga Stream between May 2014 
and 2017. Only healthy and adult animals were studied 
and they were collected by hand capture method generally 
from the water. The animal specimens were collected 
according to the guidelines of the Çanakkale Onsekiz Mart 
University’s ethics committee (Decision numbers: 2012/05-
01, 2017/04-16). Blood samples were collected using a 2 mL 
syringe with a 21-gauge needle from the postorbital sinus 
of specimens (Ballard & Cheek, 2003; Thrall et al., 2004). 
Blood smears were prepared from the samples and 
examined using an Olympus CX21 microscope. Following 
the blood collection, the specimens were brought back to 
their habitats. 

2.3. Examination of blood smears 

Erythrocyte morphology abnormalities, including pyknotic 
erythrocytes (PE), mitotic erythrocytes (ME), anucleated 
erythrocytes (AE), nuclear shift (NS), elliptical shape 
distortion (ESD), and vacuolisation (V) were assessed as 
indicators of hematological fluctuations (Pollo et al., 2019). 
The nucleus of a pyknotic erythrocyte is smaller compared 
to normal mature erythrocytes and anucleated and mitotic 
erythrocytes can be easily distinguished. Differentiation 
between mature (ME) and immature erythrocytes is based 
on two criteria such as cytoplasm color and nucleus size 
(Guilherme et al., 2008). Immature erythrocyte index (IE) 
was calculated by counting 1000 immature+mature 
erythrocytes on the blood smears according to Guilherme 
et al., 2008. Peripheral blood smears were prepared on 
clean slides for Micronucleus Test. Following fixation in 
ethanol for 20 minutes, the slides were air-dried at room 
temperature and subsequently fixed with methanol for 15 
minutes and stained with Giemsa stain (10% v/v) (Josende 

et al., 2015). For each animal sample, three slides were 
prepared and a total of 1000 erythrocytes per slide were 
examined using an optical microscope at 1000x 
magnification. Micronuclei were identified based on 
specific criteria: (a) they should be smaller than one-third 
of the main nuclei, (b) they must not contact the main 
nuclei, and (c) they must not exhibit refractivity, displaying 
the same color and intensity as the main nuclei (Heddle & 
Countryman, 1976; Titenko-Holland et al., 1997; Fenech, 
2000). Additionally, other nuclear abnormalities such as 
lobbed nuclei, notched nuclei, blebbed nuclei, and 
binucleated cells were observed and scored on the slides 
(Carrasco et al., 1990; Strunjak-Perovic et al., 2010; Josende 
et al., 2015). 

2.4. Statistical analyses 

Following the Shapiro-Wilk Test for normality, the 
student’s t test for parametric data or Mann Whitney U test 
for non-parametric data was utilized to determine whether 
there was a difference in all values between species using 
SPSS 20.0 for PC (SPSS, Chicago, IL, USA). In all cases, p ≤ 
0.05 value was considered statistically significant. 
Following the analyses, no significant difference was 
observed between genders; hence, female, and male 
specimens were evaluated together. 

3. Results and Discussion 

The erythrocytic abnormalities (such as pyknotic, mitotic, 
anucleated erythrocytes, nuclear shift, elliptical shape 
disorders, and vacualisation, see Fig. 2) and immature 
erythrocyte index (IE) of two Natrix species (N. natrix and 
N. tessellata) living in the Biga Stream were given in Table 
1. Student-t test was revealed that there was statistically 
significant difference between the two species only in the 
immature erythrocyte index (t: 2.881, df: 24, p: 0.008).  

Table 1. Erythrocytic abnormalities (%) and immature erythrocyte index (IE) (‰) in N. natrix and N. tessellata. 

 Natrix natrix Natrix tessellata 

 Minimum Maximum Mean ± SE Minimum Maximum Mean ± SE 

Pyknotic Eryhrocyte (%) 0.0 0.3 0.125±0.03 0.0 0.5 0.114±0.04 

Mitotic Eryhrocytes (%) 0.0 0.4 0.042±0.03 0.0 0.3 0.021±0.02 

Anucleated Erythrocyte (%) 0.0 0.1 0.017±0.01 0.0 0.3 0.079±0.02 

Nuclear Shift (%) 0.0 6.4 1.167±0.53 0.2 2.7 0.650±0.18 

Elliptical Shape Disorders (%) 0.1 2.0 0.858±0.15 0.1 2.4 0.771±0.14 

Vacuolisation (%) 0.0 1.6 0.808±0.16 0.1 3.3 0.893±0.23 

Total Erythrocytic Abnormalities (%) 1.20 7.70 3.01±0.55 0.70 4.80 2.52±0.32 

IE (‰)* 19 78 48.58±5.63 2 100 21.14±7.36 

* Statistically significant differences between species. 

When examining the results of interspecies 
comparison of erythrocytic abnormalities, although there 
were no statistically significant differences, it was observed 
that Natrix natrix had higher values in all parameters 
except for anucleated erythrocytes (AE) and vacuolisation 
(V). Overall, in terms of total erythrocytic abnormalities, it 
was determined that the N. natrix (3.01±0.55%) had higher 
values than N. tessellata (2.52±0.32%). It was reported that 
cytoplasmic vacuolisation values in a watersnake species 
(Homolopsis buccata) was less than 1% (Salakij et al., 2002) 
and in a colubrid species as 11.06% (Strunjak-Perovic et al., 

2010). In snakes, cytoplasmic vacuolisation can arise 
spontaneously as an adaptive physiological response 
(Canfield, 1998) or because of apoptosis induced by some 
stress factors such as ischemia, hypoxic conditions, and 
growth factor deprivation (Morris et al., 1984; Mower et al., 
1994; Araki et al., 2006; Strunjak-Perovic et al., 2010). 
Exposure to pesticides or heavy metal pollution may alter 
erythrocytes shape to become rounded or teardrop-shaped 
(echinocytes) to compensate for the reduced oxygen 
content in the water bodies and subsequent cellular 
abnormalities often lead to cell death (Valbona et al., 2015).  
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Figure 2. Eryhrocytic abnormalities and immature erythrocytes in N. natrix and N. tessellata from Biga Stream; Pyknotic Erythrocyte (A), 
Mitotic Erythrocyte (B), Anucleated Erythrocyte (C), Elliptical Shape Disorders and Nuclear Shift (D), Vacuolisation (E), Immature 
erythrocyte and mature ones (F). 

Shape of the blood cells can change in snakes that have 
spent a long time in brackish and saline waters (Koleva et 
al., 2017) such as our study site. Moreover, the increased 
frequencies of anucleated and mitotic cells may serve as a 
short-term mechanism to boost oxygen-carrying capacity 
while pyknotic cells are associated with apoptosis (Barni et 
al., 2007; Saquib et al., 2012; Peltzer et al., 2013; Pollo et al., 
2019). 

There was statistically significant difference in the 
immature erythrocyte index (IE) between the two species. 
Natrix natrix has higher immature erythrocytes 
(48.58±5.63‰) than N. tessellata (21.14±7.36‰). Lisičić et al. 
(2013) determined that in males of Vipera ammodytes 
distributed in Croatia, the percentage of immature 

erythrocytes ranged from 0-5%, while in females it ranged 
from 0-1.24%. In V. ammodytes individuals from Türkiye, 
immature erythrocytes were found as 4.0-8.0% (Baycan et 
al., 2022). The imbalance between ratio of immature and 
mature erythrocytes identified in blood samples may 
suggest the presence of a disease or infection in the 
individual (Campbell, 2006; Oliveira-Junior et al., 2009; 
Lisicic et al., 2013). Furthermore, studies conducted on 
various vertebrate animal groups have also assessed the 
frequency of immature erythrocytes to support the 
findings of nuclear abnormalities (Minissi et al., 1996; 
Pacheco & Santos, 2002; Guilherme et al., 2008). 

The frequencies of nuclear abnormalities in 
erythrocytes were measured in each species captured at the 
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same locality and summarized in Table 2. Our results have 
shown that the frequency of total nuclear abnormalities 
was 13.40±2.7% in Natrix natrix and 12.68±5.81% in N. 
tessellata. However, there is no statistically significant 
difference in two species (p ≤ 0.05). The nuclear 
abnormalities such as lobbed nuclei, notched nuclei, 
blebbed nuclei, and binucleated cells were observed in the 
samples of each species and frequencies were calculated 
separately (Fig. 3). Analysis of frequencies in peripheral 
erythrocytes of N. natrix and N. tessellata from Biga Stream 
showed that the frequency of nuclear abnormalities such as 
lobbed, notched, blebbed nucleus was higher than the 
other abnormalities. N. natrix can be found in both aquatic 
and terrestrial habitats, resulting in more diverse dietary 
preferences compared to other species (Kornilev et al., 
2023). On the other hand, N. tessellata spend more time in 
water bodies (Scali, 2011). N. natrix is feeding on 
amphibians and fish, whereas N. tessellata mainly eats fish 
(Šukalo et al., 2014; Speybroeck et al., 2016; Kornilev et al., 
2023). Owing to their habitat preference and dietary habits, 
N. natrix is more likely to be exposed to various pollutants 
in land as well as water. In previous studies, 10.89% 
nuclear abnormalities and 0.03% micronucleus frequency 
were reported from Hierophis gemonensis (Strunjak-Perovic 

et al., 2010). While there was 0.23% micronucleus 
frequency, 15.71% notched nucleus frequency, 11.63% 
blebbed nucleus frequency in N. tessellata from 
Vize/Kırklareli, Türkiye; 0.30% micronucleus frequency, 
21.93% notched nucleus frequency, 8.85% blebbed nucleus 
frequency were determined from Kızılcahamam, Ankara, 
Türkiye (Tok et al., 2014). It was also reported that nuclear 
abnormality findings of V. ammodytes were as 0-0.1% 
micronucleus, 0.3-0.8% lobbed nucleus, 3.2-4.6% notched 
nucleus, 2.6-3.9% blebbed nucleus, 0-0.1% binucleate, and 
0.3-0.4% kidney shaped nucleus frequency (Baycan et al., 
2022). In our study, micronucleus formation was not 
observed in the samples of each species. Thus, our results 
suggested that the other nuclear abnormalities should be 
used to determine the levels of genetic damage in 
erythrocytes of Natrix sp. Erythrocyte nuclear deformities 
may occur because of the cell detecting an affected region 
and initiating a process of chromatin repair and 
elimination (Shimizu et al., 1998; Ergene et al., 2007). The 
occurrence of micronuclei and other nuclear abnormalities 
in snakes may fluctuate based on factors such as 
environmental pollutants (Tok et al., 2014), agricultural 
activities (Baycan et al., 2022), seasons, characteristics of the 
species, and gender (Strunjak-Perovic et al., 2010). 

 

Figure 3. Nuclear abnormalities in N. natrix and N. tessellata erythrocytes from Biga Stream; Blebbed nucleus (A), Lobbed nucleus (B), 
Binucleated cell (C), and Notched nucleus (D) 
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Table 2. Nuclear abnormalities frequencies (%) in Natrix natrix and N. tessellata erythrocytes from the Biga Stream. 

 MN (%) Lobbed Nucleus (%) Notched Nucleus (%) Blebbed Nucleus (%) Binucleated cell (%) Total Nuclear Abnormalities (%) 

N. natrix - 1.35±0.58 3.61±0.39 8.43±3.15 - 13.40±2.7a 

N. tessellata - 0.33±0.35 1.60±0.43 10.70±5.56 0.03±0.05 12.68±5.81a 

*Means with the same letter in the columns are not significantly different at p ≤ 0.05 
 

In conclusion, this study provides fundamental data 
on general stress indicators such as erythrocytic 
abnormalities and nuclear abnormalities in two water 
snake species Natrix natrix and N. tessellata suggesting that 
these analyses could be useful for assessing exposure to 
environmental pollution of reptiles. As a result, there were 
no statistically significant differences in erythrocytic and 
nuclear abnormalities between the two Natrix species 
living coexisting sympatrically in the Biga Stream while 
there was statistically significant difference between these 
species only in the immature erythrocyte index which was 
higher in N. natrix. Due to the results, it is suggested that 
N. natrix may exhibit more physiological responses to 
envirenmental stress factors. However, further studies in 
various polluted areas will be necessary to evaluate the 
role of different pollutants. 
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