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Status of a Unique Coastal Population of Dice snake 

(Natrix tessellata) in Romania  
 

  The hellenistic ruin town of Histria in Romania, forms home to a huge population of 
Dice snakes (Natrix tessellata). During spring, thousands of snakes mate in certain areas, 
with in the ruin town. By mark-recapture of totally 890 N. tessellata specimens from 
Histria and a control population in Jurilovca, during the spring and summer 2005, I 
estimated population sizes, survival rates and recapture rates on adults. Notes on other 
ecological data, such as feeding behaviour and reproduction, are also included in the 
report. 
  There are indications of a population decline in Histria. One of the causes could be a 
parasitic nematode (Eustrongylides sp.) that has infected a large proportion of the 
population. To investigate how much the population is suffering from this parasite, body 
conditions were examined.   
   My estimations suggest that the resident population in Histria comprises up to 4000 
individuals in April, but declines to a few hundred later during the season.  
  A larger proportion of females from Histria are infected by the parasite than females 
from the ruins of Jurilovca. This is probably the reason why the females from the 
Histria population had a lower mean body condition and had a smaller mean size than 
the control population. The body conditions of males from both populations were 
similar. Furthermore, females with parasitic nodules had lower body condition than 
females without nodules. No differences were observed between males with or without 
nodules. The reason why females become more affected by the parasite, compared to 
males, could be due to their higher energy costs during the reproductive cycle. 
 
 
1. INTRODUCTION 
 
In recent years large-scale drainage of wetlands has become a serious threat to the survival of 
the Dice snake across most of its range. Natrix tessellata is now considered in need of careful 
protection according to the habitat directive (Council directive 92/43/EEG), and is also a 
protected species in Romania. There are indications that the population in Histria has suffered 
a drastic decline in numbers over the past years. More over, N. tessellata in southeast 
Romania seems to suffer high levels of infection by a parasitic nematode. Hence, it is 
important to understand the ecology of this species as well as the apparent decline of this 
population.  
 
1.1 Study organism 
 
The dorsal pattern of N. tessellata is in general greyish, brownish, black or olive coloured 
with darker spots (Figure 1). The ventral side is chequered in black on a lighter background 
that ranges from white to yellow or orange to red. There are unicoloured individuals, which 
usually also lack the chequered ventral pattern. In the studied populations of N. tessellata in 
the southeast of Romania, large colour and pattern variations of the belly were observed. 
According to Arnold & Ovenden (2002), the Dice snake can grow to 130 cm total length. 
Females are larger than males. 
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The main distribution of N. tessellata reaches from  
central and southeast Europe, Italy included, and  
eastwards to central Asia and northern Africa.  
A few introduced populations exist in  
Switzerland (Arnold & Ovenden 2002; Gautschi et 
al. 2002).  
 
This aquatic snake is found exclusively in habitats 
close to rivers or lakes where it forages for food. 
Prey items consist almost entirely of fish, but 
occasionally amphibians are consumed. They do 
not eat until after mating, but start foraging in 
general at the end of April. Mating starts in early 
April and can continue until May (Necas et al. 
1997). Snakes are often seen in mating balls with 
several males attempting to mate with one single 
female. 5-35 eggs are laid seven to ten weeks after 
mating (in July) in crevices or under stones. After 
40-50 days juveniles of 220-240 mm total length, 
hatch from the eggs (Arnold & Ovenden 2002). 
Hibernation of juvenile N. tessellata begins in 
October, while the adults enter hibernation a few  

Figure 1. Female of a Dice snake (Natrix 
tessellata) from Histria. Photo: Simon Kärvemo 

weeks earlier (Necas et al. 1997). 
 
 

Danube delta 

Figure 2. Map over Romania and the population 
sites of Histria and Jurilovca. 

Black 
Sea 

Danube Delta 

1.2 Study area 
 
Histria is located in the southeast of Romania  
(44° 54´N, 28° 77´E) about 40 km north of  
Constanta, by the coast of the Black Sea (Figure 2).  
This ancient Greek town was founded around  
700 BC, although archaeological evidence  
suggests there had already existed a settlement  
there for more than 2000 years by then. The  
Greek city thrived until 0 BC, after which it was  
subjected to Roman rule until 700 AD. The city  
was abandoned when the estuaries, just south  
off the Danube river delta got cut off from the  
Black Sea, rendering shipping and fishing  
from Histria in to the Black Sea impossible.  
Today the water outside Histria is a shallow  
brackish lake, Sinoe, with almost no connection  
to the sea. 
 
The 5 hectare ruin town of Histria consists of   
stonewalls, stone plates, vaults and columns 
(Figure 3). Between different parts of the 
town, there are large unexcavated areas of  
meadows with grass and angiosperms. 
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Figure 3. Ruins of Histria. Photo: Andrei Mihalca 

Along the shore, there are several different 
species of vascular plants and large 
communities of reed. Histria is a famous 
locality for bird-watchers. Colonies of 
Dalmatian- (Pelecanus crispus) and White 
pelicans (Pelecanus onacrotalus) gather in the 
area. Other common birds are Cuckoo (Cuculus 
canorus), Hoopoe (Upupa epops), Little owl 
(Athene noctua), Red falcon (Falcao naumanni) 
and White storch (Ciconia ciconia). Among 
reptiles and amphibians, besides the Dice snake, 
Balkan wall lizards (Podarcis taurica) are very 
common in the study area, but also Grass snakes 
(Natrix natrix), Large whip snakes (Coluber 
caspius), European pond terrapins (Emys orbicularis) and Spur-thighed tortoises (Testudo 
graeca) are seen occasionally. The March frog (Rana ridibunda) is the most common 
amphibian in the study area, but Common leaf frog (Hyla arborea), Eastern spadefoot toad 
(Pelobates syriacus), Fire-bellied toad (Bombina bombina), and the Green toad (Bufo viridis) 
can occasionally be observed in the surroundings. Ground squirrels (Citellus citellus) are the 
most frequent mammals in the ruins.                                                                                                                    
 
 A control population in Jurilovca (44° 75´N, 28° 93´E), about 40 km north of Histria, was 
studied as a reference population (Figure 2). The ruins at Jurilovca are also the remains of an 
old Greek town (founded before 500 BC), Argamum, now called Capul Doloşman. These 
ruins are situated on a hill and reach a plateau, approximately 40 m above sea level. The 
archaeological excavation has not been as extensive as in Histria, and maybe this is why the 
Jurilovca ruins appear to be smaller and less impressive. Just as with Lake Sinoe, the water 
outside Capul Doloşman, is divided from the Black Sea and forms a lake called Razim 
(Figure 2). This lake is deeper compared to the Sinoe lake in Histria. The only vegetation in 
Capul Doloşman besides grass/angiosperm meadows and some small trees, are some few 
square meters of thick bushes along the shore. Small flocks of Bee-eaters (Merops apiaster) 
and different species of sea birds were observed during the study. As in Histria, here are a lot 
of March frogs (R. ridibunda) and Balkan wall lizards (P. taurica). European pond terrapins 
(E. orbicularis), Grass snakes (N. natrix) and Large whip snakes (C. caspius) can also be 
found in the area. This place is famous for its high density of Ground squirrel (C. citellus). 
Capul Doloşman at Jurilovca will henceforth be referred to as Jurilovca only.                                                    
 
1.3 Population biology 
 
With different techniques it is possible to individually mark captured snakes. By subsequent 
recapture, these marked snakes together with new unmarked snakes one can to use several 
different models of estimating population structure. For instance, with capture-recapture data, 
it is possible to estimate recapture and survival rates. Survival rate can be affected e.g. by 
natural predators, domestic predators and humans (Bonnet et al. 1999), as well as pathogens.  
 
A closed population system considers the inhabitants to not have any migrants, births or 
death. Conversely, an open population allows for these factors at certain estimated 
frequencies. Dependent on whether the populations can be considered as closed or open, there 
are numerous models for estimating population sizes.  
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1.4 Parasite infection  
 
N. tessellata in Histria are infected by a small red parasitic nematode of the genus 
Eustrongylides. The life cycle of the parasite consists of three stages. The first host is an 
aquatic oligochaete and the second host is a fish (Anderson 2000). Waterfowls ingest the fish, 
and the nematodes enter their final host. Generally, reptiles or other exothermic vertebrates 
are not included in the lifecycle of Eustrongylides, but occasionally they can be intermediate 
hosts of this parasite (Cheng 1973). Studies have shown that an increase in temperature, 
which occurs in endothermic birds, gives a signal to the parasite larvae to emerge from the 
fish and pass through the intestinal wall of the host (Cooper et al. 1978). Possibly, the 
parasites show the same behaviour in a warm sunbathing snake. In the case of N. tessellata, 
the Eustrongylides larvae seem to incapsulate either inside the abdominal cavity or 
subcutaneously, thus creating a cyst or “nodule”. I have used the assumption that the number 
of subcutaneous nodules is correlated with degree of infection. Because the parasite is in its 
larval stage of the life cycle, it has so far been difficult to determine the species of 
Eustrongylides.   
 
1.5 Analytical approaches 
 
The aim of this study is to estimate the population size of adult N. tessellata in Histria and 
examine the degree and influence of the parasite infections. The fact that N. tessellata is not a 
widely studied species means that this study to a high degree is aimed at elucidating the 
natural history of the species through field observation, in addition to the more specific goals 
of assessing population size as well as extent and specific effects of parasite load of the 
populations in Histria and Jurilovca. 
 
 
2. MATERIAL AND METHODS 
 
The research in the field was in progress during 16-28 April, 3-18 May, 30 June- 8 July and 
13-16 Aug 2005. The snout-vent length (SVL), tail length (TAL), body mass (BM), sex, 
colour morph and number of parasite nodules were obtained from 694 N. tessellata from 
Histria and 147 individuals from a control population in Jurilovca. The SVL and TAL were 
measured by stretching the snake or its tail along a measuring stick and an EKSTM balance 
was used for obtaining BM values. Depending on how hard the snakes were stretched during 
the measuring, the SVL can differ between different fieldworkers. By letting the three 
fieldworkers that took turns of measuring the snake length, measure the same ten snakes I 
found a margin of error on average 2.3 % of snake length, between the different fieldworkers. 
Sex was determined by using the SVL/TAL-ratio according to Fuhn & Vancea (1961). Snakes 
were collected inside the ruin town, but the perimeter of the ruin town was checked 
occasionally. The collection started in general about 9 AM and continued until about 3 PM 
every day of research. The snakes were individually marked on the ventral scales using 
soldering iron according to Brown & Parker (1976). The snakes were released the same day at 
the site of capture. 
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2.1 Population biology 
 
During this investigation the number of persons helping me to catch snakes varied over time. 
To get an appropriate estimation of population distribution differences over time, I divided the 
number of captured females, males and recaptures with number of active field workers 
(Figure 4). Maximum air temperatures were measured daily and compared to data at 
WeatherOnline Ltd - Meteorological Services (WeatherOnline 1995) to get information of the 
whole season.  
 
To study the distribution of snakes of the Histria population, the archaeological site was 
divided in to twelve different areas, eight containing ruins and four predominately grasslands 
(Appendix 1). The marked snakes were released in the same area as they were captured. With 
featured recapture data, differences in snake densities of the distribution area were recorded 
and some movement patterns among adult individuals. 
 
One closed and one open population model was used for estimating the population size of N. 
tessellata. A two-sample Lincoln-Petersens estimator was chosen as the model for a closed 
system (Williams et al. 2002) and the Jolly-Seber method was used as an open model 
(Sutherland 1996). These two models assume that the snakes’ probabilities of being caught 
are the same over time for all individuals and that marks are neither lost nor overlooked. For 
the two-sample Lincoln-Petersen model, the data from the first two periods of fieldwork were 
used. 
 
 
 
Lincoln-Petersen model: 
 
One of the simplest method of estimate population sizes is the Lincoln-Petersen model, which 
assumes a closed population. The population has to be sampled only twice and each 
individual in the population has to have an equal probability of being captured.  
 
 
Bias-adjusted Lincoln-Petersen estimator: 
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Confidence interval: 
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Ñ = Estimated population size; ni = Total number of snakes caught in the i:th sample, m2 =number of 
snakes that carry marks from previous captures 
 
 
 
Jolly-Seber model: 
 
The Jolly-Seber method has several assumptions. First, that every marked snake present in the 
population has the same probability of survival to the next sampling occasion. Second, that all 
emigration is permanent. Third, that the fate of each snake with respect to capture and 
survival probability is independent of the fate of any other snake. Finally, that sampling 
periods are instantaneous and that recaptured animals are released immediately.  
 
 
 
Jolly-Seber estimation 
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α = Proportion of marked captures; ni= number of captured, marked and released snakes;  
mi = number of recaptures; Mi = The size of marked populations; zi = Number of individuals marked in 
earlier captures that are ever caught after the capture; and R= Number of marked individuals in 
current occasion that are ever caught again in later occasions= Estimated population size at current 
time 
 
The open population estimation requires at least three sampling occasions. Thus, the sampling 
occasions of May, April and July were chosen. Furthermore, the field season was also divided 
into five and daily sampling occasions, respectively (Table 2). 
 
By using the Program MARK 4.2 (Cooch & White 2004) and records of marked snakes’ 
histories from the three capture occasions, it was possible to estimate apparent survival- and 
recapture probabilities, using maximum likelihood methods. These parameters can then be 
tested for dependence on group (sex) and time (sampling occasions). Which of these models 
that describe the data most parsimoniously is then generally selected from calculated AIC-
values (Akaike´s Information Criterion) for the different models by making a trade-off 
between how complex the model is and the deviance from the full model. By using bootstrap 
goodness of fit, with 500 replicates, it was possible to determine whether the data was 
appropriate for this model. Further, the inflation factor ĉ, which estimates the level of over-
dispersal, was calculated by observed deviance divided by mean simulated deviance from the 
full model of the 500 replicates.   
 
Every hour between 9 AM and 3 PM during the July sampling occasion, the number of 
foraging snakes observed in the water was counted along a 50-meter transect. Simultaneously, 
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the water temperature was measured, to investigate if temperatures were correlated with 
number of foraging snakes with a Pearsons correlation test. 
 
During April and May the number of mating individuals was counted over time and  
for the third period (July), the ratios of non-gravid, gravid and ovulated adult females 
compared to total number of snakes observed were calculated.  
 
 
2.2 Parasite infection 
 
As described above, some of the Eustrongylides larvae become encapsulated subcutaneously 
inside the snakes, creating “nodules”. These nodules were counted and the snakes body 
conditions index (BCI) was calculated from the residuals in a linear regression of SVL and 
BM (Bachman & Widemo 1999), to elucidate whether the populations are suffering from the 
parasite load, or not. Data were evaluated statistically with an analysis of variance (one-way 
ANOVA - 95 % conf. interval in StatSoft 6.0 program for Windows). This investigation 
included 595 adult individuals (sampled in April-May from the first two sampling occasions) 
from both the more infected Histria population (hereafter called the ´infected´ population) and 
the less infected population (hereafter called the ´uninfected´ population) of Jurilovca. 
 
 
3. RESULTS 
 
3.1 Population biology 
  
Maximum temperatures were measured and compared with official data at WeatherOnline 
(WeatherOnline 1995). As they were in good agreement I have chosen to use WeatherOnline 
data for the entire season in Histria (Figure 4).  
 
Mean numbers of adult snakes were counted during the four sampling occasions of the study 
period. The quantity of snakes decreased over time. Both populations of N. tessellata showed 
differences in sex ratio over time (Table 1). A larger amount of males compared to females 
apparently disappear from the ruins during summer. For instance, only 17 % of captured 
snakes were males (Table 1) and no recaptures were made during July (Figure 5). 
 
 
Table 1.    Percentage of adult males encountered in the two studied populations.  
   Occasion 1  ntot      Occasion 2  ntot    Occasion 3  ntot  Occasion 4    ntot     N tot 
   16-28 April            3 –18 May                     30 June-8 July     13-16 Aug 
Histria   61 %           483     44 %    108    17 %  109  *           (12)    712 
Jurilovca 63 %           113     39 %     33     *    (1)  -             -       147 
 
* To few captured individuals to get reliable data  
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Figure 4. Mean number of snakes standardised by collection effort  (N snakes/field workers) and 
maximum temperatures over the time of four sampling occasions. S = number of fieldworkers   
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Figure 5. Individual snake recaptures (y-axis -individual number of marked snake) during different 
occasions (x-axis –date). No recaptures were found in the forth occasion, of August.  

 
 
 
 
Population sizes are, according to the Lincoln-Petersen estimation, 3000 ± 1185  (CI95%) 
individuals in the Histria population and 800 ± 209 (CI95%) individuals in the Jurilovca 
population. These estimations were made from the first two periods (April and May) when the 
snakes already had started to disappear from the ruins (Figure 4). This factor may affect the 
estimates, which assume a closed population. In a daily estimation of an open  
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 Jurilovca Histria 
 Daily  Daily Grouping I Grouping II 
16 April  - A  A  
18 April  - A  A  
19 April  5677 A  A  
20 April  6036 A  A  
22 April -      
23 April  1500 A  A  
24 April  1142 A - A  
25 April  1154 B  A  
27 April  1158 B  A - 
28 April 54      
29 April -*      
03 May  514 B  B  
04 May  601 B  B  
05 May  - B  B  
07 May  - B 1299 B  
08 May  109      
10 May  - C  B  
13 May  - C  B  
14 May  - C  B  
16 May 51 - C  B  
18 May  - C -* B 2592 
19 May -      
30 June   D  C  
01 July   D  C  
02 July   D  C  
03 July   D  C  
04 July   D 382 C  
05 July   E  C  
06 July   E  C  
07 July   E  C  
08 July   E - C - 
       
Mean value 71 2223  841  2592 

          * No population size estimation due to zero values in the formulas. 

Table 2. Jolly-Seber population sizes estimations of N. tessellata in the 
ruins of Jurilovca and Histria, dependent if the field season was divided 
in daily, five (A-E) or three (A-C) sampling occasions. 
 

 
 
 
population by the Jolly-
Seber method, population 
size estimates in Histria 
were in the range of 5500-
6000 in the middle of April, 
decreasing to 1000-1500 in 
the end of April, to finally 
staying around 550 
individuals in the beginning 
of May (Figure 11; Table 
2). Unfortunately, it is not 
possible to calculate 
population sizes for the rest 
of May and July due to zero 
values in the number of 
marked individuals in 
current occasion that are 
ever caught again in later 
occasions (R). A grouping 
of five sampling occasions 
yielded estimates of 
population size of 1300 
individuals between the end 
of April and early May and 
about 400 individuals in 
July. The last Jolly-Seber 
calculation, which was 
performed by grouping the 
date information of three 
sample occasions, gave an 
estimation of 2600 
individuals in May  
(Table 2).  
 
The daily (six occasions) estimate of the Jurilovca population yielded a population size of 
between 50-100 individuals, which makes this approach flawed for the current data set, as 147 
individuals actually were marked in the ruins of Jurilovca.  
 
The program MARK estimates the most probable models for survival rate (Φ) and recapture 
probability (p). The bootstrap goodness of fit showed that 116 of 500 replicates have lower 
mean deviance than the one observed, which gives an indication of under-dispersion 
compared to the 500 bootstrap replicates of the full model. The factor ĉ was then estimated by 
dividing the deviance from the full model by the mean deviance (1.660) from the 500 
bootstrap results (Cooch & White 2004). By this method, factor ĉ was 0.160 < 1, which again 
confirms under-dispersion, i.e. adjustment is needed. 
For this under-dispersion, AIC-values are adjusted to QAIC (Quasi-Akaike´s Information 
Criterion) in the program MARK.  As a rule of thumb, a difference in QAIC < 2 between 
models, may be interpreted as them being equally supported (Cooch & White 2004). In this 
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case, the four most parsimonious models lie within this limit, and may all be used to explain 
the data (Table 3). The first model [Φ(g*t)  p(g)] assumes that survival rate differs with both 
sex (group) and time and recapture probability differs between sexes. The second model  
[Φ(g*t) p(.)]  has the same assumptions regarding survival as the first, but recapture 
probability is constant [p(.)], i.e. there is no differences in recaptures, neither during the 
seasons nor between the sexes. The third models recapture rate differs from the first two ones, 
regarding sample occasion (time) [Φ(g*t) p(t)]. Finally, the fourth model assumes that the 
survival probabilities and recapture rates differ among sexes, but not regarding time [Φ(g) 
p(g)] (Table 3). Further analyses of the most parsimonious models in program MARK yielded  
the most realistic function parameters (Table 4).  
 
 
Table 3. Most parsimonious models (bold) have no significant difference.   
                                                                Delta    QAICc     Model                  
Model                                       QAICc    QAICc   Weight    LH          #Par   QDeviance 
 
Φ (g*t) p(g)            1382.392    0.00  0.20429    1.0000  4.0000      1.657 
Φ (g*t) p(.)                 1382.585    0.19  0.18549    0.9080  4.0000      1.849 
Φ (g*t) p(t)                1382.585    0.19  0.18549    0.9080  4.0000      1.849 
Φ (g) p(g)                        1383.312    0.92  0.12901    0.6315  4.0000      2.576 
Φ (.) p(g*t)                  1384.426    2.03  0.07391    0.3618  5.0000      1.657 
Φ (g) p(g*t)                  1384.426    2.03  0.07391    0.3618  5.0000      1.657 
Φ (t) p(g*t)                  1384.426    2.03  0.07391    0.3618  5.0000      1.657 
Φ (g*t) p(g*t)                1384.426    2.03  0.07391    0.3618  5.0000      1.657 
Φ (g) p(.)                    1399.400   17.01  0.00004   0.0002  3.0000     20.691 
Φ (g) p(t)                    1399.910   17.52  0.00003   0.0001  4.0000     19.175 
Φ (.) p(g)                    1421.499   39.11  0.00000   0.0000  3.0000     42.790 
Φ (.) p(.)                    1422.020   39.63  0.00000   0.0000  2.0000     45.330 
Φ (t) p(g)                    1422.583   40.19  0.00000   0.0000  4.0000     41.847 
Φ (.) p(t)                    1423.431   41.04  0.00000   0.0000  3.0000     44.721 
Φ (t) p(.)                    1423.431   41.04  0.00000   0.0000  3.0000     44.721 
Φ (t) p(t)                    1423.431   41.04  0.00000   0.0000  3.0000     44.721 
 
(g) =  sex (group)     (t)  = time over all capture occasions   (.) = constant     LH= Likelihood 
  
  
 
Table 4.  The four most probably models with survival rate and recapture probabilities between the 
three different occasions  (1,2,3). 
Model      Apparent survival rate (Φ)      Recapture probability (p) 
                              Sex     1 2    Tot.   2 3                   1 2    Tot.   2 3     
Φ(g*t)    p(g)        Male        69.7%(429.10)   0,5%(13.70)                6.8%(41.77)         
                              Female  100%(0.00)      78.1%(0.12)   4.3%(0.01)          
Φ(g*t)    p(.)  Male       100%(0.00)      0%(0.00)           4.7%(0.01)       4.7%(0.01)   
 Female   94.1%(0.37)     77.3%(0.11)      4.7%(0.01)      4.7%(0.01)      
Φ(g*t)    p(t)   Male 100%(0.00)      0.5%(0.01)       4.7%(0.01)    4.3%(33.72)            
 Female    94.1%(0.37)    78.9%(154.68)   4.7%(0.01)  4.3%(33.72)             
Φ(g)       p(g)         Male 4.7%(0.01)           100%(0.01)           
 Female        77.5%(0.12)           5.4%(0.02)           
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Number in parentheses are SE (Standard Error) from the ratios 
 
Very few N. tessellata were observed foraging during the mating period. However, in the 
beginning of July most of the snakes encountered were seen in the water (Figure 7). 
Moreover, foraging activity were positively correlated with water temperatures (Pearsons 
correlation test t = 5.5065, df = 9, p = 0.000377) (Figure 6). No N. tessellata was seen 
catching any other prey than fishes and 89% (N=16) of the observed fish were from the 
Gobiidae family, the other 11% (N=2) were unidentified species.  
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Figure 6. The histogram shows 
number of N. tessellata foraging 
during different temperatures. N. 
tessellata prefer to forage in warm 
water (Pearsons correlation; 
p=0.000377). 

 
 
Many N. tessellata were found mating during the first days of the study (in the middle of 
April), and they probably started mating several days earlier. The snakes were mating 
occasionally during the first two occasions (16-28 April and 3 May-18 May), but more rarely 
over time (Figure 7). During the third period (30 June-8 July), 94 females were captured and 
examined. 55% of the female snakes were gravid and 5% had just ovulated, which was 
evident from their thin morphology and loose skin.  
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Figure 7.  Number of mating 
individuals (right y-axis) and 
number of snakes observed 
foraging  (left y-axis). 
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3.2 Parasite infection  
 
By visually counting the number of subcutaneous nodules of Eustrongylides sp., we tried to 
get an estimation of infection levels. For the populations in Histria and Jurilovca, 55 % and  
16 % of the adult individuals were found to being infected (≥1 external nodules), respectively 
(Table 5).  
 
Table 5.   Percentage of adult infected individuals from the two populations* 
Infected  Males  Females Total  Ntot 

Histria   57 %  53 %  55 %      595    
Jurilovca  21 %  11 %  16 %   146 
* Data from the first two occasions 
 
There was no distinction in body condition of the males between the two populations (p = 
0.76) of the infected Histria and the relatively uninfected control population of Jurilovca. The 
females, however, differ significantly between the two populations (p=0.026) (Table 6; figure 
8).  
 
The comparison of body conditions of adult males with ≥1 nodule and males with zero 
nodules was non significant (p = 0.77), however, it showed a significant difference among 
females (p = 0.020) (Table 7; figure 9.) 
 
No correlations was found either for different amounts of nodules, in larger groups (data 
divided into three groups: 0<(group1)≤ 2 nod., 2<(group 2)≤ 4 nod. and 4<(group 3)≤8 
nod.) nor smaller groups (nine groups) (1=group 1 nod. 2=group 2 nod, etc) of infection, 
neither for adult females nor adult males.  
 
The mean SVL of females in the Jurilovca population was significantly longer than females 
from the Histria population (F(1, 311)=15,46; p = 0.0043). However, the males did not differ 
significantly in SVL between the two populations (F(1, 426)=1.12; p = 0.29) (Figure 10).   
 
The two different colour morphs, normal and unicoloured, of N. tessellata, occurred in equal 
proportions among and between sexes and sites. 
 
Table 6.  BCI*. Comparisons of body conditions between adults (females and males) from the infected     

 population (Histria) and the not infected population (Jurilovca). SS= Sum of squares,  
 df= degrees of freedom, MS=mean square,  

  SS  df  MS  F  p  
Females 101.13  1  101.13  5.02  0.026 
Residual 6325.04 314  20.14 
Males  0.78  1  0.78  0.096          0.76 
Residual 32.73   407  8.08 
 
 
 
Table 7.   BCI. Differences in adults in same population (Histria) with ≥1 nodule and adults with zero    
   nodules*. SS= Sum of squares, df= degrees of freedom, MS=mean square,  
  SS  df  MS  F  p  
Females 75.40  1  75.40  5.44  0.020 
Residual 61.46  248  0.25   
Males  0.43  1  0.43  0.084  0.77 
Residual 1686.82 328  5.14  
*Data from the first two occasions  
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Figure 9. Significant 
(p=0.020478) differences in body 
conditions (BCI) between infected  
(≥1 nodules) and not infected  
(0 nodules) females in Histra.  
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Figure 10. Significant 
(p=0.004338) differences in SVL 
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Figure 8.  Significant (p=0.025746) 
differences in body condition (BCI) 
between females in the infected 
Histria-population and the 
uninfected control population, 
Jurilovca.  
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4. DISCUSSION 
 
 
4.1 Population biology 
 
The mating aggregation during spring occurs when N. tessellata emerge from hibernation in 
stonewalls, and males try to find females for mating. The mass aggregation observed is 
similar to that described for Garter snakes (Thamnophis sirtalis parietalis) in Canada (e.g. 
Shine et al. 2000; Shine et al. 2001; Whittier et al. 1984). The number of snakes in the area 
was found to decrease over time. The higher proportion of males (61%) among snakes 
encountered in April (Table 1) could be due to males leaving hibernation earlier for 
sunbathing, and courting the females as these emerge (Seigel et al. 2001). This earlier 
sunbathing behaviour is connected with of maturation of sperm cells before mating (Fog et al. 
1997) and is common among Natricine species and other snakes in temperate climate, e.g. the 
Adder (Vipera berus) (Höggren 1995). 
 
Due to lack of reliable information of the time when the mating season of N. tessellata in the 
southeast of Romania starts, the fieldwork begun several weeks too late. Indeed, the peak of 
observed snake aggregation and mating occurred at the onset of the study (Figure 4). During 
the second period of collecting, in May, the males comprised 40% of the total and only 17% 
were males in the third period, of July (Table 1; figure 4). Hence, the sex ratio was 
significantly biased towards female presence among the ruins during the summer (X2-test = 
246; df= 26; p < 0.01).  
 
The most commonly used estimations of population size assume closed populations that are 
assessed in a short time period. However, the open population models are considering that 
individuals migrate and die, and therefore every sampling occasion yields one population size 
estimation. To get as reliable population size as possible for the closed population esti  
mation, no wounded individuals were included in the calculations, as they were considered 
likely to die before the end of the study. An open population model, however, assumes 
changes in quantity due to migration, births and deaths. The Jolly-Seber open population 
estimation, should fit the actual population size better because of the assumptions of 
population demography, at least for the Histria-population which had a daily estimate of 5 
677 individuals in spring and subsequently decreasing into 600 individuals during the summer 
(Figure 11). The 95 % confidence interval for 5677 individuals (first daily estimations in 
April) is between 1673 and 15 083. In addition, the fact that snakes are mobile, shy and have 
a cryptic behaviour, so that not all of the members of a population will be visible (Reading 
1997), may also affect the population size estimations.  
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Figure 11. Jolly-Seber estimation 
of population size in April- May.  
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The Lincoln-Petersen calculation of the same population gave a size estimation of 3000 ± 
1185 individuals. This models assumption of a closed population is not fulfilled. It is obvious 
many individuals for N. tessellata disperse from the ruins of Histria, even during the first two 
sample occasions for the closed population estimations. In addition, the two sample occasions 
for this model were spread over several days, which can affect the estimation of population 
size. 
 
For the Jurilovca population, the Jolly-Seber estimation was 50-100 individuals (Table 2). 
This estimation of the Jurilovca population size is an obvious under-estimation, probably 
because of too few recaptures. In this case, the Lincoln-Petersen estimation of about 800 ± 
209 individuals is probably more appropriate.  
 
The ideal data set to estimate population sizes would have required starting capture-recapture 
samples several weeks earlier than middle of April and one additional sample occasion during 
the fall when the N. tessellata are reappearing in the ruins of Histria. Unfortunately, these data 
were not taken and for that reason my estimations are not trustworthily. However, I 
approximate the size to be 3000-4000 in Histria, based on the various estimates and my own 
field experience. 
 
Table 4 shows differences in survival rates and recapture rates, both between sample 
occasions (t) and sex (g) for different survival models. These models show relatively high rate 
of apparent survival among females between the different sampling occasions, compared to 
males. Several snake predators were seen in the ruins of Histria. Crows (Corvus sp.) and 
Otters (Lutra lutra), which are possible predators of snakes (Shine et al. 2001; Lanszki & 
Molnár 2003). Furthermore, White storch (C. ciconia) were seen catching N. tessellata. Dogs, 
cats and birds of prey may also be possible predators in the area. The ruins of Histria and 
Jurilovca are very popular tourist attractions during summertime and these human activities 
could both directly and indirectly affect the survival of individuals (Bonnet et al. 1999). More 
than 30 dead or wounded N. tessellata were collected during the field period, probably as a 
result of human activities. In the populations of N. tessellata in southeast Romania the 
parasite, mentioned above, may also have an influence on the survival of individual snakes.  
During late spring and summer, the number of males in particular, decreased around the ruins 
of Histria. Because the survival rate model assumes a closed population, this is probably the 
main reason for the low apparent survival rates among males between the second and the last 
sampling occasion. Three of four models show that all snakes have, more or less, the same 
recapture probabilities (Table 4).  
 
During the mating period in April, no N. tessellata were observed foraging. However, in May, 
and especially during the third occasion of July, a large number of snakes were foraging in the 
water. The snakes were only seen swallowing fish in the water once, but were often observed 
ingesting prey in protection of communities of reeds or on stonehills close to the water. In the 
shallow Lake Sinoe by Histria, N. tessellata could be seen foraging more than 100 meters out 
from the shore (Ghira pers. comm.). Because of their ectothermal physiology, it is logical that 
N. tessellata prefer warm water temperatures during foraging (Figure 6).    
 
The ruins are not only suitable for hibernation, hiding and thermoregulation. Probably, 
stonewalls function as places for egg laying, which could be the reason for the high 
percentages of females during July. The fact that almost all gravid females were found in the 
ruins in addition to one direct observation of a female laying eggs in a stonewall, yields 
credence to this contention.  
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4.2 Parasite infection 
 
The infected females, with nodules, were in worse condition than ´uninfected´ ones, without 
nodules (Table 7; figure 9). However, dissections showed that even if snakes lack these 
subcutaneous nodules, they could still have Eustrongylides larvae inside their body cavity 
(Mihalca et al. 2006). It is possible that the subcutaneous phase occurs after a certain time of 
parasite infection. As I did not find any differences in body condition between females (or 
males) with few and many nodules, respectively, this could be explained by them all being in 
a relatively late stage of infection. However, the males did not show the same differences in 
body condition between infected and not infected individuals, as did the females.  
 
Females during reproduction have larger energy costs compared to males (Aubret et al. 2002). 
Because of that, females may get more affected by the parasite load. The high parasite load in 
Histria also seems to affect the growth rate, compared to the control population of Jurilovca 
(Figure 10). Consequently, the smaller body size of females may negatively affect the fitness 
of the population in the future. For instance the fecundities of most reptiles are dependent on 
body size of females (e.g. Shine 1980; Seigel et al. 2001). Further studies are required to fully 
understand the parasite effects on the population of N. tessellata. 
 

5. CONCLUSIONS 

Based on field experience and my population size estimations the numbers of adult N. 
tessellata in Histria could be up to 4000 adult individuals. In the end of April, individual 
snakes start to disperse away from the ruins. This behavior appears to be more pronounced in 
males and a higher proportion of females’ stay behind, probably because of good egg laying 
opportunities. During late spring and especially July a large amount of Dice snakes start 
foraging for fish in the water. They seem to hunt in water temperatures of about 24-29 Cº.  

Both the Histria and Jurilovca populations are infected by a parasite of the genus 
Eustrongylides. N. tessellata with parasitic nodules seems to have a lower body condition 
than snakes without. Because of too few samples of infected individuals in the ruins of 
Jurilovca, we could not compare body conditions between individuals with nodules and 
without nodules in that area, which could have been an interesting comparison between the 
same cases in the Histria population.  

A larger proportion of N. tessellata seems to be infected in Histria, compared to the Jurilovca 
population. A comparison between these two populations shows that females in Histria seems 
to have a lower body condition compared to females in the ruins of Jurilovca. They also 
appear to be shorter, i.e. the parasites probably affect the growth rate of N. tessellata. Further 
studies are warranted to more conclusively estimate population size and effects of parasite 
infection.  
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APPENDIX 1. 

 
 
 

 
 
Map over ruins of Histria and twelve parts divided in eight ruins (1-6, 9, 11) and four grassland parts (7-8), 10, 12). The arrows shows 
dispersal of snakes (with individual numbers) between the areas based on recaptures. 
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