
Introduction

The Eastern Grass Snake, Natrix natrix (Linnaeus, 

1758), is a rather common species with a wide Eurasian 

distribution (Speybroeck et al., 2020), ranging from 

northern and central Europe to the Mediterranean 

(including Cyprus) and into Asia (Fritz and Schmidtler, 

2020). Populations on Cyprus have been considered as 

the endemic subspecies Natrix natrix cypriaca (Baier 

et al., 2013; Nicolaou et al., 2014; Sparrow and Baier, 

2016) and are protected as a priority species under 

the European Council Directive 92/43/EEC. Recent 

taxonomic insights revealed that N. n. cypriaca is a 

genetically impoverished recent invader on Cyprus, 

taxonomically not distinct from the subspecies N. 

n. moreotica (occurring in western Anatolia and the 

southern Balkans), and proposed a re¿ned intraspeci¿c 
classi¿cation where N. n. cypriaca is a junior synonym 

of N. n. moreotica (Bedriaga, 1882) (Asztalos et al., 

2021), which we use in the present paper. Cyprus 

constitutes one of the most southern localities and the 

highest end of the aridity spectrum of this subspecies 

(Asztalos et al., 2021). Compared to its counterparts 

elsewhere in Europe (Mertens, 1994; Conelli et al., 

2011; Ayres, 2012; Norén and Åhlander, 2020), research 

on Grass Snake populations on Cyprus is still limited 

(Zotos et al., 2021, 2022; Stamatiou, 2022).

In Cyprus, N. natrix are present within two regions 

of the island (Zotos et al., 2023). This concerns the 

Troodos Mountain Range (in the centre of the island), 

where they occur in and around streams and ponds, and 

the south-eastern lowlands where they occur within 

a system of ponds (Fig. 1). The area of the N. natrix 

population in the Troodos Mountain Range receives 

a relatively large amount of precipitation annually 

(600–1100mm, compared to the 320mm average for 

the whole island) with subsequent creation of numerous 

ephemeral streams and year-long water retaining ponds 

(Cleridou et al., 2014; Giannakopoulos et al., 2016). The 

lowland distribution of the species includes two distinct 

areas; Paralimni and Ayia Napa consist of dense urban 
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the normal morph (Baier et al., 2013).

The historical number of population estimates for the 

lowland (Paralimni and Ayia Napa areas) Grass Snake 

populations are very limited. Blosat (2002) estimated 

a population size of between 82–182 individuals 

(Paralimni only), and Mpakaloudis et al. (2024) 

estimated between 59–102 individuals (for both the 

Paralimni and Ayia Napa areas). While these studies are 

important, they did not take into account the potential 

crepuscular and nocturnal activity of the species.

Ectotherm species, such as reptiles, have adopted 

a largely diurnal activity rhythm to e൵ectively 
thermoregulate (Bogert, 1948; Bertolucci et al., 2002). 

In some cases, where high daily temperatures and 

high aridity prevent optimal thermoregulation during 

midday, individuals may deviate from diurnality 

following crepuscular and nocturnal  activity rhythms 

(Rutschmann et al., 2023; Perry et al., 2025). More 

favourable, less intense, environmental conditions after 

sunset help individuals in their daily activities, including 

foraging and oviposition (Perry and Fisher, 2006; 

Amadi et al., 2020; Baxter-Gilbert et al., 2021). With 

global trends indicating that pressures of climate change 

will intensify in the following decades, reptile species 

can either adapt to the new climate conditions, which 

often include higher air temperatures, or go extinct 

(Böhm et al., 2016; Biber et al., 2023). For this reason, 

many diurnal species have started, or are expected to, 

showcase crepuscular and nocturnal activity (Amadi et 

al., 2021; Baxter-Gilbert et al., 2021; Levy et al., 2024). 

The genus Natrix, and speci¿cally the Eastern Grass 
Snake, belongs to the many herpetofauna species that 

have been reported to be actively engaged in crepuscular 

and nocturnal activity (Capula et al., 1994; Spaseni et 

al., 2024).

While crepuscular and nocturnal  activity has been 

documented for Natrix spp. (Hailey and Davies, 

1987; Mebert et al., 2011; Spaseni et al., 2024), and 

adaptability of the genus has been widely observed 

(Luiselli et al., 2005; Weiperth et al., 2014; Andjelković 
et al., 2016), relevant data for Cyprus is very sparse. 

Only Blosat (2002) noted that the individuals in the 

lowlands showcase di൵erent daily patterns than their 
mountain counterparts, being most active during early 

morning and evening hours. Additionally, Blosat (2005) 

suggested that they move between ponds during cool 

nights, making use of the higher humidity conditions 

and lower ambient temperatures.

Here, we monitored the coastal lowland populations 

of N. n. moreotica in an attempt to estimate its size 

and explore the feasibility of a nocturnal monitoring 

protocol. Our results can contribute to research on 

reptilian activity patterns in arid island environments, 

especially under the pressures brought by severe 

anthropogenic presence and climate change.

Materials and Methods

The study was conducted within the lowland range of 

the Grass Snake population in Cyprus, at the Paralimni 

lake (and surrounding areas) and near Ayia Napa 

(Appendix II). A total of 52 transect lines (100–300 

m each) were initially selected using satellite images 

from Google Earth. All line transects were surveyed 

in February 2023, and their characteristics (type and 

condition of the habitat, presence of water, presence of 

foraging animals, nesting sites, refuge sites, pressures or 

threats for Grass Snakes) were recorded and validated 

through ¿eld observations. From the 52 transects, the 
20 most promising transects considering the assessed 

presence of the species were selected: 17 transects at 

the Paralimni lake and three transects at Ayia Napa (Fig. 

1). These transects were parallel to bodies of water with 

known Grass Snake presence or in areas presenting 

favourable conditions, covering the full known extent 

of the species distribution at the south-eastern part of the 

island (Fig. 1, and see Stamatiou, et al., 2026).

The 20 selected transects were repeatedly monitored 

between March to October 2023. In total, each transect 

was visited approximately 2.2 times for an average of 

40 minutes each (range: 20–90 minutes). During each 

survey, the team members (MS, GP) would slowly walk 

the length of the transect line searching for Grass Snakes 

and then stand still at a vantage point for an additional 

15 minutes, looking for Grass Snakes swimming or 

moving through vegetation. Observations of Grass 

Snakes were reported using a speci¿c protocol (see 
Stamatiou, et al., 2026).

Initial surveys (March–July) were conducted during 

the morning hours (between 06:00–13:00 h) following 

the standard monitoring procedure. After the end of 

July, within August–September, following Blosat’s 

(2002) observation, we also conducted night surveys, 

between 17:00–23:00 h, looking for possible evidence 

of nocturnal activity.

To estimate population size, we used the Loglinear 

Models for Capture-Recapture Experiments method, 

focused on closed population models (Rivest and 

Levesque, 2001; Borchers and Fewster, 2016). For this, 

we assumed that the population in the coastal lowland 

area was “closed” for the period of this study, i.e. no 
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exchange of individuals, no births or deaths, and no 

dispersal outside the area. Although observed individuals 

were not captured, expert opinion in the ¿eld, as well 
as photographic evidence, were used to ensure their 

identi¿cation as di൵erent specimens without ambiguity. 
Recorded data from subadults and adults were analysed 

using the R package Rcapture (Rivest and Baillargeon, 

2025) in RStudio (Posit team, 2025).

Results

Throughout the monitoring period (March–October 

2023), a total of 30 monitoring visits were undertaken 

(approx. once a week). A total of 66 transect surveys 

were conducted, 52 during morning hours (between 

06:00–13:00 hrs), and 14 during evening hours 

(between 17:00–23:00 hrs). The lowest recorded 

temperature during actively monitoring (regardless of 

time of day) was 15ºC and highest was 28ºC (lowest 

and highest observed in the area during the monitoring 

months were 5.5ºC and 41.5ºC, respectively). Snake 

presence was observed on only four of the 20 transects 

(Table 1, Fig. 1), accounting for a total of 18 individuals, 

out of which 13 were observed during evening surveys 

(Table 2, Fig. 3). From the 18 individuals found, only 

¿ve were observed in morning hours (0.096 snakes per 
day e൵ort), while the rest (n = 13) were observed during 

the evening (0.92 snakes per day e൵ort). All observed 
snakes showcased the normal morph (Fig. 4).
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Table 1 

 

Area Transect Name Total Visits Total Snakes Observed Water Body Human Pressures 
Ayia Napa AN_1 5 4 Pond, ca. 50*70m Water pumping 

Ayia Napa AN_2 4 7 Pond, ca. 5*4m Slight presence of hunters, farmers, tourists 

Ayia Napa AN_3 5 1 Lake, ca. 90*80m Slight presence of hunters, farmers, tourists 

Sotira (Paralimn) SP_1 11 6 Lake, 40*40 m, plus 
two canals 

Close to residential areas, cultivated fields, 
cattle, presence of hunters and tourists, 
drought periods  

Table 1. Overview of transects with Grass Snake presence, including the speci¿c area (Paralimni or Ayia Napa), transect name, 
and the number of Grass Snakes observed across all visits for each transect. Additional information on the nature of the water body 

of the transect, and the present human pressures in the area are given.

Table 2  

 

A/A Transect Code Date Time Temp ºC Activity 
1 AN_2 M6.2_A 15/06/23 10:00 25 Swimming between riparian vegetation 

2 AN_2 M6.2_B 15/06/23 10:00 25 Hidden under branches 

3 AN_1 M6.3_A 21/06/23 8:45 24 Swimming between riparian vegetation 

4 AN_2 M6.3_B 21/06/23 10:15 28 Hidden under branches 

5 AN_2 M7.1_A 04/07/23 9:00 26 Still, undergoing shedding 

6 SP_1 M8.1_A 02/08/23 21:00 25 Swimming between riparian vegetation 

7 AN_2 M8.3_A 16/08/23 21:00 25 Moving in and out of water, hunting 

8 AN_2 M8.3_B 16/08/23 21:30 25 Moving in and out of water, hunting 

9 AN_2 M8.3_C 16/08/23 21:30 25 Moving in and out of water, hunting 

10 AN_2 M8.3_D 16/08/23 21:30 25 Moving in and out of water, hunting 

11 AN_1 M8.3_E 16/08/23 21:00 26 Swimming between riparian vegetation 

12 AN_1 M8.3_F 16/08/23 21:00 26 Swimming between riparian vegetation 

13 SP_1 M8.4_A 18/08/23 19:00 27 Swimming 

14 SP_1 M8.4_B 18/08/23 19:00 27 Swimming 

15 SP_1 M8.4_C 18/08/23 20:00 27 Still in canal 

16 SP_1 M8.7_A 30/08/23 19:30 26 Swimming 

17 SP_1 M8.7_B 30/08/23 20:30 26 Resting in pond bank, then swimming 

18 AN_3 M9.2_A 15/09/23 20:00 24 Swimming between riparian vegetation 
 

 

Table 2. Individual Grass Snakes observed. Information is presented on the area (AN = Ayia Napa; SP = Paralimni – Sotira Ponds), 

the code given to each observed individual, the date, time and temperature of observation, as well as the observed activity.







no further evening surveys conducted for the species in 

the past two decades, until the present research, taking 

place in 2023.

Considering our study, the bulk of Grass Snake 

sightings took place between 19:00–22:00 h (sunset 

time approximately at 20:00), with fewer records at 

morning hours. A shortcoming of the present research is 

that the initial weeks were spent assessing possible areas 

(most of which did not have recorded populations of 

Grass Snakes) before starting evening transects. Thus, 

we strongly consider that the very limited information 

on the presence of the Grass Snake in Cyprus might not 

be a product of its own elusiveness, but rather of the 

methodology followed by scientists until now. Based on 

our results it appears obvious that during the summer 

period Grass Snakes on Cyprus adopt a nocturnal 

activity strategy.

The methodology utilised to monitor a population 

can directly impact the quantity and quality of results, 

while it is also constrained by the scienti¿c resources 
available (Allen and Engeman, 2015; Moussy et al., 

2022). Thus, underreporting of population size is – to 

a degree – an expected shortcoming of many methods, 

which can be ampli¿ed when biases of area, time of 
day or seasonality are involved (McClure and Rolek, 

2023). These biases are often the result of an e൵ort to 
collect more data by continuously visiting locations 

with known presence or only conducting ¿eld work 
at times with higher encounter probabilities, instead 

of the more resource-demanding process of trying to 

discover new population sites or daily patterns. Such 

shortcomings become more prominent for species with 

a limited distribution, low density or presence in areas 

that are di൶cult to access (Lettink and Monks, 2015; 
Richardson et al., 2017; Hoefer et al., 2024).

Given the high temperatures and arid conditions 

in Cyprus, especially in the south-eastern lowlands 

of the island, following the standard diurnal survey 

methodology for Natrix spp. used in the rest of Europe, 

was perhaps the wrong choice. Under such conditions, 

the use of monitoring methods developed for diurnal 

species might be unsuitable. An adaptation of the survey 

methodology for Grass Snakes in the lowlands of Cyprus 

is required to account for crepuscular activity during the 

hot and arid periods of the year, following monitoring 

of other snakes with similar shifts in seasonal activity 

patterns worldwide (DeGregorio et al., 2015; Capula et 

al., 2016; Rutschmann et al., 2024).

The shift from predominantly diurnal to crepuscular 

and/or nocturnal activity, for the individuals of Cyprus 

lowland population, can be sought in (a) the arid 

environment and the high temperatures in the area 

that a൵ects thermoregulation behaviour (Appendix I), 
(b) the availability of prey during dusk that facilitates 

foraging, and/or (c) the lack of intense predation and 

human disturbance during the night. This shift, as 

supported by our results, indicates that evening surveys 

to monitor Grass Snakes are more cost-time e൵ective 
compared to morning surveys considering the days or 

surveys required per individual observed in areas with a 

well-known established population.

Amphibian species, which make up most of the 

Cyprus Grass Snake’s diet (Blosat, 2002; Baier 

and Wiedl, 2013), are more active during evening 

hours, making crepuscular and nocturnal  hunting 

more e൶cient and successful for snakes (Mebert et 
al., 2011). It is noteworthy that a large Whip Snake 

(Dolichophis jugularis) was observed hunting and 

successfully capturing prey during one evening (20:40 

h), pointing to evidence that many (usually diurnal) 

species have altered their daily patterns to make up for 

the high daytime temperatures (see Appendix I) and the 

behaviour of their prey. Evening activity also helps to 

avoid diurnal predators and human disturbance (Li et 

al., 2021; Lee et al., 2024). As the Paralimni area is an 

important wetland for a large number of bird species 

(EEA, 2019), including herons and egrets that can prey 

upon Grass Snakes (Mullarney et al., 2007), the activity 

of Grass Snakes during evening hours can potentially 

reduce avian predation risk.

Being ectotherms, reptile species are sensitive to 

changes in temperature and climatic conditions (Taylor 

et al., 2021). They are amongst the ¿rst species to be 
impacted by global warming and other aspects of 

climate change (Massot et al., 2012; Paaijmans et al., 

2013; Diele-Viegas et al., 2020). Mediterranean regions 

(including Cyprus), which are already su൵ering from 
intense drought periods (Viola et al., 2014; Lionello 

and Scarascia, 2018; Pérez-Andreu et al., 2018), will be 

a൵ected intensely, forcing species to either adapt to the 
new climate conditions, migrate or go extinct (Nunes 

et al., 2023; Sunny et al., 2023). Ectotherms will be 

forced to adapt, partly by changing their daily activity 

patterns, especially when migration options are limited, 

dangerous, or require the use of very large amounts of 

energy (Boyle et al., 2016; Inman et al., 2022; Biber et 

al., 2023). Paralimni lake is surrounded by a dense urban 

fabric and other barriers (e.g., roads, fences) making 

dispersal particularly di൶cult. Taking into account the 
well-documented plasticity of Grass Snakes, shifts to 
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crepuscular and/or nocturnal activity might be nothing 

less than a signal of changing ecosystems, in an e൵ort 
to try to adapt to the new conditions, both existing and 

yet to come.
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Appendix I. 

IA. Comparing Average Air Temperature between Frenaros 

(Close to Paralimni – research site) and Xyliatos (On the 

Troodos mountain range) areas DATA from The Department 

of Meteorology – continuously hourly records for the period 

January – September 2023 (Two-way Anova: F(
889,303456

) = 

38.39, p <0.001).

IB. Comparing Average humidity between Frenaros (Close 

to Paralimni – research site) and Xyliatos (On the Troodos 

Mountain range) areas DATA from The Department of 

Meteorology – continuously hourly records for the period 

January – September 2023 (Two-way Anova: F(
53821,4286293

) = 

164.5, p <0.001).

IC. Comparing Average precipitation between Frenaros 

(Close to Paralimni – research site) and Xyliatos (On the 

Troodos Mountain range) areas DATA from The Department 

of Meteorology – continuously hourly records for the period 

January – September 2023 (Two-way Anova: F(
46.5,1312.1

) = 

14.136, p <0.001).

ID. Comparing Average Air Temperature between Frenaros 

(Close to Paralimni – research site) and Xyliatos (On the 

Troodos mountain range) areas DATA from The Department 

of Meteorology – continuously hourly records for the period 

July – September 2023.
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