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Abstract. Through a capture-mark-recapture study, between 2011 and 2014, the first long-term 36 

investigations of the grass snake (Natrix natrix) were commenced in Bosnia and Herzegovina. A 37 

hundred-and-seventy-two adult individuals (96 ♀ : 76 ♂) have been captured and processed. 38 

Females reached larger overall body dimensions than males and had longer jaws than males of the 39 

same body length. On the other hand, tails were relatively longer in males compared to females. 40 

These results illustrate the typical sexual dimorphism in this species. Diet analysis revealed natural 41 

yearly variation in the qualitative composition of prey, which confirmed intra-population plasticity 42 

in the grass snake’s diet. Also, their diet was strongly influenced by the drying of ponds. We found 43 

differences in the direction of prey swallowing depending on the prey type (frog or fish), which 44 

was conditioned by prey morphology. We also found intersexual differences in prey type: females 45 

consumed more diverse prey and ate green frogs (Pelophylax sp.) significantly more often. This 46 

finding results from sexual differences in head dimensions and illustrates differences in the 47 

energetic contents of different prey types. Clutch sizes ranged between eight and 28 eggs, and the 48 

correlation between female body size and clutch size was positive. These results are within the 49 

ranges of previously published findings. Semi-aquatic snakes are important elements of wetland 50 

ecosystems, and can indicate their condition. Long-term population studies of these animals can 51 

provide warning signals of wetland ecosystem disturbance and the need for immediate 52 

conservation actions. 53 
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INTRODUCTION 57 

Thanks to their high phenotypic plasticity (Madsen and Shine, 1993a) and population density 58 

(Ajtić et al., 2013), significant geographic variations in diet (Luiselli et al., 2005; 2007; Weiperth 59 

et al., 2014), and the specific reproductive biology (Madsen, 1983; Luiselli, 1996; Luiselli et al., 60 

1997), snakes belonging to the genus Natrix are highly suitable for investigations of morphology 61 

and population ecology. Some natricine snakes were shown to be capable of adapting to human-62 

modified landscapes, which can even positively influence these animals’ abundance and certain 63 

aspects of morphology, but have adverse effects on others (Mészáros et al., 2023, 2024). Therefore, 64 

the significance of the studies of aquatic snakes is manifold. 65 

Being gape-limited predators (unable to tear and chew their prey), snakes’ bodily dimensions often 66 

strongly influence their diet (Arnold, 1993; Forsman, 1996). In numerous snake species, 67 

intersexual differences were found in the type and/or size of the consumed prey (Houston and 68 

Shine, 1993; Santos et al., 2000; Shetty and Shine, 2002), that are most often related to sexual 69 

body size dimorphism, SSD (Madsen, 1983; Shine, 1991a; Santos et al., 2000) and/or intersexual 70 

niche divergence (Houston and Shine, 1993). On the other hand, geographic differences in the type 71 

of consumed prey were most often explained by the differences in the availability of potential prey 72 

among different habitats/localities (Luiselli et al., 2005; 2007; Weiperth et al., 2014). Previous 73 

investigations related to Natrix species documented differences in the type and/or size of the 74 

consumed prey among the sexes, among age categories, and different populations (Filippi et al., 75 

1996; Luiselli et al., 1997; 2005; 2007; Santos et al., 2000; Weiperth et al., 2014; Šukalo et al., 76 

2014), but also intensive feeding on introduced prey species (Gregory and Isaac, 2004; Acipinar 77 

et al., 2006; Šukalo et al., 2014). Snakes belonging to the genus Natrix can persist in areas where 78 

the availability of their usual prey type drops, by switching to alternative prey, namely invasive 79 



 

fish, lizards or mammals (Šukalo et al., 2014; Luiselli et al., 2005). The ever-increasing 80 

anthropogenic influences were also shown to affect SSD in N. natrix, through the reduction of 81 

female body size (Bury and Zając, 2020). However, it is not completely clear how and how quickly 82 

the intra-population level changes occur: to determine this, long-term investigations are necessary.  83 

According to Smith and Fretwell (1974), females can allocate the energy available for reproduction 84 

either to fewer, larger offspring or to more smaller offspring (Shine, 1988). In Natrix sp., the 85 

positive correlation between body size and clutch size was proven (Luiselli et al., 1997; Luiselli 86 

and Rugiero, 2005). However, this relationship is not straightforward, i.e., trade-offs between 87 

growth rate and reproduction output must be considered, under different/varying climatic 88 

conditions and prey (energy) availability (Shine, 1988; Luiselli et al., 1997). Clutch/offspring size 89 

is influenced by various factors, such as female body condition during ovulation (King, 1993), 90 

precipitation, prey availability (Bonnet et al., 2001), and genetic factors (Gregory and Larsen, 91 

1993). Since reproductive success depends on environmental conditions, its variation at intra- and 92 

inter-population levels is expected. Also, because lifetime, not instantaneous, reproductive success 93 

is what matters in the evolution of various life-history traits (Shine, 1988), prolonged/permanent 94 

environmental disturbance should be considered in wildlife monitoring. 95 

The grass snake is widely distributed in Europe (Arnold and Ovenden, 2002). It is often found in 96 

standing water habitats such as ponds and lakes, but also inhabits streams, rivers and meadows 97 

(Radovanović, 1951), and it can be found in forests far from water (Arnold and Ovenden, 2002). 98 

Sexual dimorphism in body size is female-biased (Madsen, 1983; Luiselli et al., 1997). Regarding 99 

diet, this species is an adaptable generalist preferring amphibians but consuming other vertebrates 100 

as well (Radovanović, 1951; Luiselli et al., 1997; Luiselli et al., 2005). This species’ seasonal 101 

activity starts in March or April. Breeding usually occurs during April or May (Luiselli et al., 102 



 

1997), when “mating balls” form in which one female mates with several males (Luiselli, 1996). 103 

Eggs are laid at the end of July, and the young hatch between late August and early September 104 

(Luiselli et al., 1997).  105 

Various aspects of diet and reproductive biology of the grass snake (Natrix natrix) were thoroughly 106 

investigated in Italy (Luiselli and Rugiero, 1991; Filippi et al., 1996; Capula and Luiselli, 1997; 107 

Luiselli et al., 1997) and Sweden (Madsen, 1983; 1984; 1987; Madsen and Shine, 1993a; 1993b), 108 

but also in England (Gregory and Isaac, 2004) and the Middle East (Ahmadzadeh et al., 2011). 109 

Although the grass snake is considered the most common and widely distributed snake species in 110 

former Yugoslavia (Radovanović, 1951), investigations providing quantitative data on various 111 

aspects of its biology and ecology are scarce in ex-Yugoslavia and the entire Balkan Peninsula 112 

(Janev Hutinec and Mebert, 2011; Šukalo et al., 2014). This paper aimed to present the results of 113 

the first multi-year investigations into sexual dimorphism, diet, and reproductive biology of grass 114 

snakes in Bosnia and Herzegovina.  115 

 116 

MATERIALS AND METHODS 117 

Study sites 118 

The Ramsar site “Bardača Wetland” is located in the north of Bosnia and Herzegovina, at the 119 

confluence of the Vrbas and Sava rivers. The total surface of the area is 3,500 ha, and it includes 120 

fishponds, flood meadows and forests, arable land and inhabited areas (Fig. 1). An integral part of 121 

the complex is the pond system “Bardača”, comprising 11 lakes, with an area of 675 ha, located 122 

between 17°24′08″ and 17°28′11″ E, and between 45°05′16″ and 45°06′38″ N, with an altitude 123 

between 91.0 m and 93.8 m above sea level (Gašić and Dujaković, 2009). Already in 1969, thanks 124 

to the high diversity of wetland birds, Bardača was designated as an Important Bird Area (IBA) in 125 

Bosnia and Herzegovina, and in 2007, the Ramsar Secretariat designated it an internationally 126 



 

important wetland area (Panić and Nagradić, 2019). However, regardless of the above, at the 127 

beginning of 2012, eight of 11 lakes were completely dried up, which significantly degraded this 128 

ecosystem (Šukalo et al., 2014). In the last several years, only one or two lakes have been filled 129 

with water (Šukalo and Dmitrović, 2023). The ichthyofauna of the Bardača complex and natural 130 

watercourses (rivers Brzaja, Matura and Stublaja) is represented by 20 autochthonous and six 131 

allochthonous species (Radević, 2000; Vuković et al., 2008), among which two allochthonous 132 

species (Ameiurus nebulosus and Carassius gibelio) are the dominant fish in the natural 133 

watercourses (Vuković et al., 2008). The batrachofauna of “Bardača Wetland” is represented by 134 

nine species of amphibians, among which green frogs (Pelophylax sp.) are the most common and 135 

numerous amphibians in this area (Šukalo and Dmitrović, 2023). 136 

Fig. 1. Map of the Ramsar site “Bardača Wetland” 137 

 138 

Field procedure 139 

Field investigations were undertaken between March 2011 and September 2014, along the part of 140 

the Rakitovac Lake shore (red line in Fig. 1). One to three persons spent 39 days working in the 141 

field, with an estimated sampling effort of approximately 208 hours per sampler. Annual 142 

distribution of fieldwork sessions was as follows: eight days in 2011 and 2012 each, 12 days in 143 

2013, and 11 days in 2014. The research was conducted during spring (six days in March, 10 in 144 

April, and seven in May) and summer (11 days in June/July and five in September/October). The 145 

snakes were captured by hand or with a hand net attached to a long stick and kept in cotton bags 146 

until processing. Their gender was determined based on their external tail morphology (Feriche et 147 

al. 1993) and, when necessary, by squeezing out the hemipenes. Only adult individuals were 148 

analysed. The minimum body size at maturity for males was determined according to the smallest 149 



 

male found copulating; for females, the threshold was the length of the body of the smallest female 150 

in which growing follicles/eggs were manually palpated. Body mass (BM) was measured with a 151 

digital scale (precision 1 g). Standard body length (snout-vent length, SVL) and tail length (TL) 152 

were measured with a tape meter (precision 1 mm), while head dimensions were measured with a 153 

calliper (precision 0.02 mm). Cranium length (CL) was measured from the tip of the snout to the 154 

posterior cranium edge. Interocular distance (IO) was measured between the outer edges of 155 

supraocular plates; post-parietal length (PPL) is the distance between the tip of the snout and the 156 

junction point of parietal plates with the frontal scale. Jaw length (JL) was measured from the tip 157 

of the snout to the posterior end of the upper jaw (Thorpe, 1975; King et al., 1999).  158 

Every captured individual was manually palpated for the presence of food in its digestive system. 159 

Manual palpation was proven to be efficient in determining snakes’ gut contents (Cruz, 2013). In 160 

addition, spontaneous regurgitation provided details regarding the qualitative composition of food 161 

and the direction of prey swallowing.  162 

Amphibian prey items (green frogs) were determined to the genus level, but fishes were 163 

identifiable to the species level. We distinguished among “intact”, “half-digested”, and “digested” 164 

prey. “Intact” were the recently consumed prey items, with no or just minor signs of digestion. 165 

These were recognizable (fish or anuran) already at palpation, as was the direction of the ingestion. 166 

“Half-digested” were those partly processed by stomach enzymes (still palpable), and “digested” 167 

prey related to pulpy remains of food in the animals’ digestive systems, which were not palpable. 168 

All three categories were included in the feeding frequency analysis. 169 

The data regarding fecundity were obtained through abdominal palpation, i.e. palpating and 170 

counting the growing follicles/eggs through the females’ body wall. During our field 171 

investigations, we found a communal nest with approximately 70 eggs of N. natrix in several 172 



 

clusters, which is quite common (Aubret et al., 2015). We randomly selected 11 eggs and measured 173 

their length, width, and weight, while the remaining eggs were left in the nest undamaged, so the 174 

incubation and hatching could be monitored. At the assessed hatching time, we caught eight 175 

hatchlings and measured their standard body length, tail length, and body mass. 176 

To avoid the effects of pseudoreplication in the analyses of sex ratio, sexual dimorphism, and 177 

fecundity (within the same year), all individuals were marked by ventral scale clipping (Winne et 178 

al., 2006) and released at the places of capture. Regarding reproductive data, if a female was 179 

recaptured within the same reproductive season, only the first recorded value was included in the 180 

analysis to avoid pseudoreplication. However, if the same female was recaptured in two different 181 

reproductive seasons, both records were included because they represent independent reproductive 182 

events. Marking also prevented repeated morphometric measurements on the same individuals 183 

within a year. Diet data were treated as independent samples, regardless of marking. All 184 

measurements and data collection were performed on live individuals in the field within 1–2 hours 185 

following capture, i.e., the animals were not taken to the laboratory or otherwise removed from 186 

their habitat. 187 

 188 

Statistical analyses 189 

Statistical analyses were performed in Statistica 7.0 (StatSoft, 2004). For the basic presentation of 190 

variability, we used descriptive statistics. Values of P ˂ 0.05 were set as a threshold for statistical 191 

significance. We checked the differences between the genders in morphometric traits with the 192 

analysis of variance (ANOVA), and to remove the influence of overall body size on its specific 193 

parts, we applied the analysis of covariance (ANCOVA). Pearson linear correlation and simple 194 

linear regression were used to determine the relationship between tail length and SVL, jaw length 195 



 

and SVL, and between egg number and SVL of gravid females. To estimate the relationship 196 

between prey weight and snake SVL, simple linear regression on log-transformed values was used. 197 

For the analysis of frequencies, χ2 test and contingency tables were used. 198 

 199 

RESULTS 200 

Sexual dimorphism 201 

In 4 years, we captured 172 adult individuals. Sex ratio among them was slightly skewed towards 202 

females: 96 ♀ vs. 76 ♂ (χ2 = 1.17, df = 1, n.s.). The analysis of variance found statistically highly 203 

significant (P < 0,001) higher values in females for all analysed morphological traits (Table 1).  204 

Table 1. Average, maximum and minimum values and standard deviations of the measured 205 

characters 206 

 207 

The Analysis of Covariance (ANCOVA), with the standard body length (SVL) as a covariate, 208 

revealed statistically significant differences between the sexes only for the tail length, TL (F = 209 

17,3; P < 0,001, longer in males) and jaw length, J (F = 25,8; P < 0,001, longer in females). 210 

Fig. 2 shows the relationship between jaw length (J) and standard body length (SVL) of adult 211 

males and females (A), and the relationship between tail length (TL) and SVL (B). 212 

Fig. 2. Ratio of J vs SVL (A) and ratio of TL vs SVL (B) between males and females 213 

 214 

Diet 215 

Of the 172 processed individuals, 111 (64.5%) had food in their digestive tracts. Of these, 39 216 

individuals contained intact prey, 23 had half-digested prey, and 49 had fully digested prey. 217 

Feeding frequency did not differ between sexes, with 57.9% of males and 69.8% of females 218 



 

containing food in their digestive tract (χ2 = 2.62; df = 1; P = 0.105). Differences in feeding 219 

frequency among months when the snakes were collected were statistically significant for the 220 

complete sample (contingency table: χ2 = 28.8; df = 4; P < 0.001), and for the two sexes separately 221 

(females: χ2 = 25.4; df = 4; P < 0.001, and males: χ2 = 12.8; df = 4; P = 0.012). Females fed more 222 

frequently than males in all periods except June-July, when their feeding frequency was the lowest. 223 

On the other hand, the lowest feeding frequency in males was found in April and May (Fig. 3). 224 

Fig. 3. Feeding frequency in adult grass snake males and females among months 225 

 226 

Identification of consumed prey was possible for 44 food items, while the remaining prey was too 227 

digested to be identified. In Bardača, the prey of adult grass snakes comprised six taxa – five fish 228 

species and green frogs from the genus Pelophylax (Table 2). Statistically significant differences 229 

were found in the type of consumed prey (frogs vs. fish) during the four years of analyses 230 

(contingency table: χ2 = 11.6; df = 3; P = 0.011). The prevailing prey during 2011, 2013, and 2014 231 

were green frogs (Pelophylax sp.), while during 2012, the allochthonous invasive fish species 232 

(Ameiurus nebulosus) dominated the snakes’ diet. Considering fishes, grass snakes significantly 233 

more often (χ2 = 8.3; df = 1; P = 0.004) consumed allochthonous species (Carassius gibelio, 234 

Ameiurus nebulosus, and Pseudorasbora parva) compared to autochthonous (Cyprinus carpio and 235 

Silurus glanis). Also, females consumed Pelophylax sp. frogs significantly more often than males 236 

(χ2 = 3.97; df = 1; P = 0.046). In general, the diet of females was more diverse regarding types of 237 

prey (Table 2). 238 

Table 2. Grass snake prey types in the analysed years and according to sex 239 

 240 



 

Seasonal (by month) diet analysis showed that females most often consumed green frogs during 241 

May, while males fed mostly on topmouth gudgeon (Pseudorasbora parva) (Fig. 4). 242 

Fig. 4. Seasonal variations in the grass snake diet: females (A) and males (B) 243 

 244 

All individuals with intact prey (N = 39) regurgitated their stomach contents either before or during 245 

their processing in the field. Depending on the type of prey (frog vs. fish), swallowing direction 246 

differed significantly (χ2 = 24.2; df = 1; p < 0.001): frogs were significantly more often swallowed 247 

hind-first (χ2 = 4.26; df = 1; P = 0.039), and fish head-first (χ2 = 8.17; df = 1; P = 0.004) (Fig. 5). 248 

Fig. 5. Swallowing direction of different prey types 249 

 250 

On several occasions, we observed grass snakes actively searching for prey, either frogs or fish. 251 

In female grass snakes, a moderately strong linear correlation was found between their SVL and 252 

mass of the swallowed prey (r = 0.55; P = 0.003), while in males, a weak negative linear correlation 253 

was found between these two variables (r = -0.045; P = 0.902) (Fig. 6).  254 

Fig. 6. Relationships between the grass snakes’ standard body length and the mass of the 255 

consumed prey 256 

 257 

Reproductive biology  258 

The standard body length of gravid females ranged from 62.6 cm to 99.4 cm (average 75.0 ± 10.4 259 

cm). Clutch sizes varied between eight and 28 eggs (average 13.9 ± 5.54), and the correlation 260 

between female SVL and clutch size was strong (r = 0,809; P < 0,001) (Fig. 7).  261 

Fig. 7. Relationship between female standard body length and number of eggs 262 

 263 



 

Grass snake females in the gestational period were captured during 2013 and 2014, with no 264 

statistically significant differences in the frequency of reproduction between the two years (χ2 = 265 

0.12; df = 1; P = 0.729). In the given two years, 22 adult females were caught, 19 of which were 266 

gravid (86,4%). Among these, abdominal palpation revealed the presence of growing follicles/eggs 267 

in 16 individuals, while in three individuals, lateral skin folds were observed that indicated recent 268 

oviposition. In 2013, skin folds were observed in two females on July 13; this means that egg 269 

laying took place during the first half of July. In 2014, one female was captured on July 26 while 270 

laying her eggs in the communal nest (Fig. 8 A, B). This nest was under a pile of planks at a place 271 

where the previous year a pile of manure was placed. We counted more than 70 recently laid eggs. 272 

The average egg length was 32.7 ± 2.15 mm, average width 14.4 ± 0.31 mm (Fig. 8 C), and average 273 

weight 4.3 ± 0.43 g. We visited the nest several more times, and at the end of August, we found 274 

recently hatched snakes (Fig. 8 D). The average hatchlings’ SVL was 16.1 ± 0.90 cm, total body 275 

length 20.2 ± 0.96 cm, and body weight 2.3 ± 0.35 g. 276 

Fig. 8. Grass snakes’ communal nest and the juveniles found during the 2014 fieldwork 277 

 278 

DISCUSSION 279 

Sexual dimorphism 280 

Descriptive statistics and ANOVA showed that grass snake females had significantly higher values 281 

of all analysed morphometric characters. This is in accord with the findings of Shine (1978, 1994), 282 

who argued that in most snake species with no male combat, females grow larger than males. Also, 283 

Capula and Luiselli (1997) found that in all three Natrix species (N. natrix, N. tessellata and N. 284 

maura), females were the larger sex. The results of ANCOVA showed sexual dimorphism among 285 

adults in tail length (TL) and jaw length (J). The relative tail length in males from Bardača was 286 



 

22.3% of the total body length, and in females, 19.4%. The greater relative tail length in males is 287 

probably directly correlated with their reproductive anatomy, i.e. the need for additional space for 288 

hemipenes and the related muscles at the base of their tails (King, 1989; Borczyk, 2007); relatively 289 

shorter tails in females most probably resulted from selection for larger body capacity (King, 1989) 290 

i.e. selection for fecundity (Shine, 1993; 1994). This type of sexual dimorphism in tail length is in 291 

accord with previous investigations into sexual dimorphism in the Natrix genus (Hailey and 292 

Davies, 1987; Feriche i sar., 1993; Borczyk, 2007; Mebert, 2011). On the other hand, females had 293 

higher absolute and relative values of jaw length compared to males. This is in agreement with the 294 

results given by Shine (1991a), which indicated that in most analysed species of snakes for which 295 

sexual dimorphism in head size has been established, females are the sex with the larger head and 296 

longer jaws. Sexual dimorphism in trophic structures is often used as support to the hypothesis of 297 

“ecological divergence” between the sexes (Shine, 1989; 1991a). Since snakes are gape-limited 298 

predators, differences between the sexes in head dimensions can lower the intersexual food 299 

competition (Houston and Shine, 1993; Shetty and Shine, 2002). Also, since female snakes invest 300 

proportionately more into reproduction (Capula et al., 2011), their longer jaws can be explained 301 

by the “reproductive role” hypothesis. Longer jaws enable females the consumption of larger prey 302 

(Shine, 1991b) which enables increased input of energy which can be allocated to reproduction. 303 

For certain snake species, it was found that females can consume larger prey than males of the 304 

same size, i.e. that “despite ontogenetic constancy in head dimorphism, sex differences in 305 

maximum prey size are expected to increase in magnitude with increasing snake size” (King, 306 

2002). Our results showed that females consume larger, but also more diverse prey than males, 307 

which is all in agreement with the above.  308 



 

Diet 309 

The frequency of food in the stomach for the entire sample from Bardača is notably higher (≈65%) 310 

compared to previous investigations of grass snakes’ diet: in Italy, this was ≈ 42% (Filippi et al., 311 

1996; Luiselli et al., 2005), while in England it was only ≈ 35% (Reading and Davies, 1996; 312 

Gregory and Isaac, 2004). These differences could have resulted from different methodologies, 313 

not the genuine ecological differences between the studied populations. Namely, in the population 314 

from England, the prey frequency analysis was done exclusively based on the prey obtained by 315 

forced regurgitation (Gregory and Isaac, 2004), while in Italy, in addition to regurgitation, the 316 

analysis of feeding frequency included dissections of individuals found dead in the field (Luiselli 317 

et al., 2005).  318 

The analysis of seasonal feeding frequency showed that grass snakes in Bardača had two feeding 319 

peaks – in spring and during the second half of summer, while during the first half of summer 320 

(June–July), a notable drop was found in the presence of food in the stomach. The increased 321 

frequency of feeding during spring (March and April) could result from increased prey availability 322 

or increased need for more intense feeding after hibernation (Luiselli et al., 2005), while intense 323 

feeding during the second half of summer is most probably related to accumulating fat reserves 324 

necessary for hibernation. Findings in England (Gregory and Isaac, 2004) were similar to what we 325 

have found, while grass snakes in Italy (Luiselli et al., 2005) showed a similar pattern of increased 326 

feeding during summer and a drop in the first half of spring; contrary to what was found in Bardača 327 

and England, Italian grass snakes did not show an increase in feeding towards the end of summer. 328 

On the other hand, the opposite was found in some other investigations (Filippi et al., 1996; 329 

Reading and Davies, 1996), where the lowest feeding frequencies were found in early spring and 330 

the second half of summer. This was probably caused by different climatic characteristics that 331 



 

determine different prey availability in the given seasons (Luiselli et al., 2005). The lowest feeding 332 

frequency of adult grass snake females during June and July can be related to vitellogenesis. The 333 

previous investigations within the Natricinae subfamily showed that gravid females feed less 334 

frequently than non-gravid ones, i.e. snakes are traditionally considered anorexic during gestation 335 

(Gregory et al., 1999; Gregory and Isaac, 2004, but see Aldridge and Bufalino, 2003). Gestational 336 

anorexia can result from more frequent basking (precise thermoregulation is crucial for embryonal 337 

development) or physical restrictions – the development of eggs/embryos reduces the available 338 

space in the abdominal cavity and stomach (Gregory et al., 1999; Tuttle and Gregory, 2009). Also, 339 

given that pregnancy can impair snakes’ mobility due to the weight of embryos/eggs (Shine, 1980), 340 

anorexia could result from difficulties in prey capturing. Regardless of the cause of gestational 341 

anorexia, feeding frequency increases after oviposition/parturition (Gregory et al., 1999; our 342 

results). On the other hand, our results indicated that males, like females, feed more frequently 343 

after hibernation (before mating). This contrasts with the results of investigations of seasonal 344 

feeding in Thamnophis sirtalis parietalis males that indicate less frequent feeding after hibernation 345 

when they direct time and energy into an active search for females (O’Donnell et al., 2004). 346 

Increased feeding frequency of grass snake males in Bardača after hibernation could be a 347 

consequence of the draining of numerous lakes (Šukalo et al., 2014), which probably led to the 348 

gathering of snakes of both sexes around several remaining lakes, so males did not have to search 349 

for females anymore. Also, since it was proven that in male grass snakes body size increases 350 

reproductive success during the so-called ‘pseudofights’ (Capula and Luiselli, 1997), increased 351 

feeding after hibernation and allocation of energy into growth can lead to increases in individual 352 

reproductive success. The lowest feeding frequency in adult males was found during May, which 353 

can be related to the mating period: mating was observed twice at the beginning of May. 354 



 

The observed differences in qualitative composition of grass snakes’ diet during the four years of 355 

research provide proof of intra-population differences in feeding and confirm this species’ feeding 356 

plasticity and ability to switch to alternative prey in a very short time. Namely, the original feeding 357 

on green frogs Pelophylax sp. (≈ 85%) during 2011 was completely replaced by feeding on 358 

allochthonous fishes (Ameiurus nebulosus and Carassius gibelio) in 2012 (after the lakes were 359 

drained up during the 2011/2012 winter – Šukalo et al., 2014). However, during 2013 and 2014, 360 

green frogs became the dominant prey again (≈ 50%), and the brown bullhead was excluded from 361 

the snakes’ diet. In natural aquatic ecosystems, the grass snakes’ impact on allochthonous fishes 362 

is limited (Jones et al. 2009), but we assume it can be significant. Although we do not possess 363 

quantitative data regarding variations in prey abundance in Bardača during our investigation, some 364 

other snake studies did report increased consumption of invasive fish species. For example, 365 

Carassius gibelio accounted for more than 97% of prey biomass in Natrix tessellata (Acipinar et 366 

al., 2006), while the invasive round goby (Neogobius melanostomus) became the dominant prey 367 

(> 92%) in Nerodia sipedon insularum (King et al., 2006), which positively influenced growth and 368 

reproduction in these species. These findings indicate that invasive fish species can become 369 

dominant and energetically profitable prey for aquatic snakes. On the other hand, more frequent 370 

consumption of allochthonous fishes compared to autochthonous species suggests that grass 371 

snakes can benefit fisheries because they often consume “fish weed”.   372 

Our swallowing-direction analysis found significant differences depending on the type of prey 373 

(frogs vs. fish). Fish were significantly more often swallowed head-first, while frogs were 374 

consumed starting with their rear legs. Head-first ingestion of fish was previously shown in dice 375 

snakes, Natrix tessellata (Ghira et al., 2009; Metzger et al., 2011). The reason for this is probably 376 

the fact that bony rays in fish fins are oriented from head towards tail, hence if a snake would start 377 



 

swallowing a fish tail-first, fin rays would damage the snake’s digestive tract during ingestion 378 

(Ghira et al., 2009; Metzger et al., 2011) and if a fin is erected, it can pose additional resistance 379 

and make the act of swallowing more difficult. On the other hand, a fish’s possibility to escape is 380 

lower if it is swallowed head-first, which is significant in swallowing larger individuals (Metzger 381 

et al., 2011). Also, the duration of ingestion is shorter if the fish is swallowed head-first (Ghira et 382 

al., 2009), thus, the snake’s exposure to potential predators is shorter. The results provided by Mori 383 

(2005) indicate that the direction of prey swallowing depends on the place of the first bite, i.e., if 384 

the first bite to the prey was inflicted on its anterior part of the body, it is swallowed head-first. 385 

The place of the first bite can be correlated to the strategy a snake employs during capture 386 

(Ananjeva and Orlov, 1982; Metzger et al., 2011). Since grass snakes are actively foraging for 387 

prey (Ananjeva and Orlov, 1982; Janev Hutinec and Mebert, 2011; personal observations), they 388 

approach frogs from behind (both in the water and on land), hence the first bite and swallowing 389 

are from the rear body end. Another advantage of swallowing frogs from their rear end is their 390 

handling and immobilisation. Namely, when the frogs are caught by the head, they resist by hitting 391 

the ground with their hind limbs, and the ingestion, especially of larger frogs, from their hind limbs 392 

can help the snake to overcome the defensive movements of the frogs and reduce the risk of the 393 

prey escaping (Mori, 2005). Also, there is a possibility that snakes, by swallowing their prey from 394 

its larger end (fish from their head, frogs from the rear end), “estimate” its size and the possibility 395 

of ingestion thus saving energy they would potentially lose to regurgitate half-ingested prey. The 396 

energy-saving hypothesis in feeding is supported by laboratory investigations in two Nerodia 397 

species that showed that larger individuals spend more energy during ingestion of smaller prey 398 

(Hampton, 2018). On the other hand, laboratory studies of the dice (Natrix tessellata) showed that 399 



 

all analyzed individuals, regardless of body size, more effectively caught smaller fish (Bilcke et 400 

al., 2007). Therefore, future investigations should focus on these questions.  401 

Our investigation indicated that grass snake females consume green frogs significantly more often 402 

than do males. This could result from physical constraints (Shine, 1991a; Forsman and Lindell, 403 

1993), i.e. since snakes are gape-limited predators, and their head size determines the maximum 404 

size of prey they can ingest. Given that in grass snakes, female-biased sexual size dimorphism is 405 

present, males cannot swallow larger prey (such as green frogs) due to their smaller body and jaw 406 

sizes compared to females. On the other hand, active selection of larger prey items by adult females 407 

could result from higher energy demands (Shine, 1991a; Luiselli et al., 1997; Santos et al., 2000). 408 

The fact that female grass snakes more often consumed frogs during spring indicates the possibility 409 

that by actively choosing frogs, females provided additional energy necessary for vitellogenesis. 410 

This is supported by the fact that frogs consumed during spring were females full of eggs 411 

(approximately 64%), which are richer in energy per unit mass (Cummins and Wuycheck, 1971), 412 

and also less agile and easier to catch. Active choice of frogs by adult females during spring was 413 

recorded for the congener, Natrix maura (Santos et al., 2000). Also, in the field, females were 414 

more often observed basking on the shore, but were also more often caught far from water, while 415 

males were more often observed and caught in water. However, to discuss intersexual differences 416 

in the choice of habitat as a cause of sexual differences in feeding (Shetty and Shine, 2002), more 417 

thorough investigations are needed in the future. 418 

 419 

Reproductive biology 420 

Our investigations showed that the grass snakes in “Bardača” reproduce annually, like in 421 

populations in Italy (Luiselli et al., 1997) and Sweden (Madsen, 1983). Mating was observed on 422 



 

May 1, 2014. In one case, one female was surrounded by three males and in another by four – also 423 

in accord with findings from Italy and Sweden (Luiselli et al., 1997; Madsen, 1983). We found 424 

that in 2014, oviposition started on average 14 days later compared to 2013. Intra-population 425 

variations in the time of reproduction can be influenced by the variations in the end of hibernation 426 

(Rossman et al., 1996). Also, the beginning of vitellogenesis in numerous snake species is 427 

conditioned by attaining the minimum bodily reserves threshold (Bonnet et al., 2002), i.e. food 428 

availability was shown to directly influence the onset of vitellogenesis (Santos et al., 2005). Lower 429 

average air temperatures, but also significantly higher precipitation (floods) that occurred during 430 

May of 2014 (https://rhmzrs.com/) probably caused the delay of vitellogenesis and, consequently, 431 

later oviposition. In Bardača, grass snakes reach sexual maturity at significantly larger total body 432 

lengths compared to other localities (Table 3). Predation pressure could be the possible cause of 433 

later sexual maturity here (numerous birds of prey – Gašić and Dujaković, 2009), which is 434 

confirmed by higher frequency of tail damages in adult individuals (18.8%) compared to subadults 435 

(5,3%; unpublished). Santos et al. (2011) considered the ontogenetic increase of tail damage a 436 

good indicator of predation pressure in the congeneric Natrix maura. In this way, delayed 437 

reproduction (lower immediate costs of reproduction) will be favoured in cases when high costs 438 

of reproduction reduce the chance of survival, and thus the possibility of subsequent reproduction 439 

(Madsen, 1987). Since the body size of grass snakes is positively correlated with the number of 440 

produced eggs (Madsen, 1983; Luiselli et al., 1997), which is confirmed by our results, allocation 441 

of energy into growth and delay of reproduction probably is an advantage in a habitat with 442 

pronounced predation pressure, like Bardača. Also, for snakes, it has been proven that improved 443 

nutrition – either directly or indirectly (longer seasonal activity) – can lead to faster growth and 444 

greater adult body length (Luiselli et al., 1997; Bronikowski and Arnold, 1999). Given our results, 445 

https://rhmzrs.com/


 

that show that grass snakes in Bardača actively feed since the second half of March until the end 446 

of September, which is longer compared to populations in Sweden and Italy (Madsen, 1983; 447 

Luiselli et al., 1997), longer feeding period could be one of the factors that influence the observed 448 

inter-population differences in the body length at maturity in females. 449 

 450 

Table 3. Comparison of some reproductive traits of Natrix natrix from different localities 451 

 452 

Our data also indicated inter-population differences in clutch size, i.e. higher average and 453 

maximum values in Bardača compared to populations in Italy and Sweden (Table 3). However, 454 

the analysis of covariance (with clutch size as a dependent variable, locality as factor and total 455 

body length as an independent variable), did not reveal statistically significant differences in 456 

numbers of eggs of grass snake populations from Bardača compared to those from Italy (F1,32 = 457 

0.61; P = 0.439) and Sweden (F1,29 = 3.33; P = 0.080). On the other hand, the body weight of 458 

hatchlings in Bardača was noticeably lower compared to those from Italy and Sweden (Table 3). 459 

The results provided by King (1993) indicate the existence of a trade-off between the number and 460 

size of offspring but also that larger females and those in better condition produce smaller offspring 461 

in poorer condition, which corresponds with our results (Table 3). For successful eggs incubation 462 

snakes need warm and moist microhabitat that can be natural (Luiselli et al., 1997) or 463 

anthropogenic (Beebee and Griffiths, 2000). As natural grass snake nests, Luiselli et al. (1997) 464 

listed places under large rocks, moist mosses and rotting logs, and as anthropogenic manure piles, 465 

that were proven better for incubation than e.g. compost (Löwenborg et al., 2010). In Great Britain, 466 

most places where grass snakes laid their eggs were human-made habitats, i.e. compost, manure, 467 

haystacks, piles of sawdust, and bricks (Beebee and Griffiths, 2000) but they can be of half-natural 468 



 

origin, like rotting logs remaining after wood cutting (Baker, 2011). Therefore, where we found a 469 

communal grass snakes’ nest in Bardača (under a pile of planks) presents a new type of human-470 

made microhabitat that enables successful egg incubation. 471 

 472 

CONCLUSION 473 

Our investigation of the biology and ecology of grass snakes in Bardača is the first of its kind in 474 

Bosnia and Herzegovina. Being among the top predators in various ecosystems, snakes can be 475 

reliable indicators of the state of those ecosystems. Habitat fragmentation and destruction threaten 476 

all life (including humans) and have to be minimized by the education of all stakeholders and 477 

decision makers, among other things. On the other hand, snakes have learned to live close to 478 

people: we should learn to accept snakes as natural and beneficial components of ecosystems. 479 

Sadly, they are under more threats and pressure than investigation. Our team intends to change 480 

that by improving and spreading the knowledge about these animals. Also, wetlands as such must 481 

be appreciated and effectively protected: while occupying only 6% of the Earth’s land surface, 482 

wetlands support 40% of known plants and animals and provide numerous ecological services, but 483 

are declining at alarming rates, with more than one-fifth of the assessed wetlands being in a poor 484 

state (Convention on Wetlands, 2025). In that sense, investigations related to various components 485 

of wetland ecosystems should be continued. Our findings on snakes as predators and their prey 486 

should be properly disseminated and applied in future conservation plans.  487 

 488 

 489 
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Table 1. Average, maximum and minimum values and standard deviations of the measured 684 

characters, and the results of the Analysis of Variance (ANOVA) (N= number of individuals; mean 685 

= average value; SD = standard deviation; min = minimum value in the sample; max = maximum 686 

value in the sample; F = variance ratio; p = statistical significance). All values are given in 687 

millimetres (mm) except Body Mass, which is in grams (g). Trait abbreviations are given in the 688 

Material and Methods section. 689 

 Females Males ANOVA 

Trait N mean ± SD min – max N mean ± SD min – max F p 

SVL 96 733.0 ± 7.08 626.0 – 994.0 76 541.0 ± 3.67 485.0 – 640.0 353.43 0.000 

TL 76 175.0 ± 1.64 133.0 – 221.0 61 156.0 ± 1.13 130.0 – 193.0 56.86 0.000 

CL 95 22.1 ± 1.86 19.1 – 28.2 76 17.6 ± 0.96 15.8 – 20.0 247.39 0.000 

PPS 94 19.5 ± 1.60 16.6 – 25.0 76 15.5 ± 0.86 13.9 – 17.9 284.91 0.000 

IO 94 8.4 ± 0.68 7.0 – 10.8 76 6.8 ± 0.44 5.8 – 8.0 194.08 0.000 

J 95 30.8 ± 2.95 26.0 – 41.8 76 21.9 ± 1.25 20.0 – 25.0 441.16 0.000 

BM 93 147.1 ± 46.84 65.0 – 305.0 73 54.2 ± 12.49 38.0 – 84.0 222.45 0.000 

 690 
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Table 2. Grass snake prey types in the analysed years and according to sex 692 

Taxon 

Year Sex 

2011 2012 2013 2014 Females Males 

Pelophylax sp. 5 (83%) - 4 (50%) 6 (55%) 14 1 

Carassius gibelio - 2 (11%) 2 (25%) - 4 - 

Ameiurus nebulosus - 17 (89%) - - 12 5 

Cyprinus carpio - - 2 (25%) - 2 - 

Silurus glanis - - - 1 (9%) 1 - 

Pseudorasbora parva 1 (17%) - - 4 (36%) 0 5 
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Table 3. Comparison of some reproductive traits of Natrix natrix from different localities 695 

Reproductive trait 

Bardača 

(this study) 

Luiselli et al., 1997 

(Italy) 

Madsen, 1983 

(Sweden) 

Sexual maturity (total 

length) 

79.5 cm 70.2 cm 68.0 cm 

Number of eggs (mean 

value ± SD) 

13.9 ± 5.4 9.2 ± 5.43 11.3 ± 4.96 

Number of eggs 

(maximum) 

28 24 24 

Average body length of 

hatchlings 

20.2 cm 20.4 cm 19.5 cm 

Average body weight of 

hatchlings 

2.3 g 3.4 g 3.0 g 
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Fig. 1. Map of the Ramsar site “Bardača Wetland” 697 
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Fig. 2. Ratio of J vs SVL (A) and ratio of TL vs SVL (B) between males and females 701 
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Fig. 3. Feeding frequency in adult grass snake males and females among months 705 
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Fig. 4. Seasonal variations in the grass snake diet: females (A) and males (B) 709 
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Fig. 5. Swallowing direction of different prey types 713 
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Fig. 6. Relationships between the grass snakes’ standard body length and the mass of the consumed 717 

prey 718 
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Fig. 7. Relationship between female standard body length and number of eggs 722 
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Fig. 8. Grass snakes’ communal nest and the juveniles found during the 2014 fieldwork 726 
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