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Cities represent a unique ecosystem dominated by humans and high-

density man-made infrastructure, associated with modifications or

entire loss of local habitats. Thus, urbanization constitutes a consid-

erable challenge for wildlife, and only a minority of species is able to

persist in cities (Niemelä et al. 2011). Species that maintain popula-

tions in cities are usually characterized by significant changes in life

history characteristics, population structure, and ecological relations

(Niemelä et al. 2011). So far, most studies in urban ecology of verte-

brates have focused on birds and mammals, whereas city-dwelling

ectotherms, including reptiles, remain understudied (Niemelä et al.

2011; Hudson and Virgin 2018). However, considering that the

worldwide decline of reptiles is largely associated with habitat de-

terioration (Gibbons et al. 2000) it is critical and urgent to assess the

responses of reptilian populations toward an urbanized environ-

ment. Here, we investigated the impact of the urban environment on

body size, as the primary fitness-relevant trait, in a widespread

Eurasian reptile, the grass snake Natrix natrix, by comparing 2 rep-

licate urban populations with sub- and non-urban sites. Due to the

documented reduction of prey availability (amphibians) in cities

including the studied metropolitan area (Budzik et al. 2013), we pre-

dict that urban grass snakes will tend to exhibit smaller body size

compared with sub- and non-urban sites, similary to previous stud-

ies on snakes (Wolfe et al. 2018). In addition, a high density of roads

and higher incidence of deliberate killing in cities may increase mor-

tality mainly of larger specimens (Andrews and Gibbons 2008,

Niemelä et al. 2011). Because grass snakes express clear sexual size

dimorphism (SSD) with females larger than males (Madsen and

Shine 1993), we expect that the anticipated mortality will result in a

skewed sex ratio with underrepresentation of females in urban sites.

The study was conducted on 4 populations of the grass snake in

southern Poland in Kraków and its vicinity. Kraków is the capital of

Lesser Poland Voivodeship and is one of the largest Polish cities with

a human population size exceeding 750,000 and well-developed

urban infrastructure. We identified 2 urban sites with remaining

patches of natural habitat occupied by the grass snake situated close

to the city center and surrounded entirely (site Urban I) or in ca. 70%

(site Urban II) by buildings and roads. The third population (site Sub-

urban) was located in the suburbs within the administrative bounda-

ries of Kraków in a riparian woodland along the Vistula River sur-

rounded by allotments but not city buildings. The 4th population was

located outside of Kraków (site Non-urban) entirely in a large patch

of lowland forest of Puszcza Niepołomicka. Sub-adult to adult

(>30 cm SVL) snakes were captured throughout the active season

(April–October) in each population in parallel. For each snake, we

assessed snout–vent length (SVL) and sex by examining tail morph-

ology and probing when necessary. Snakes were marked individually

with scale clipping. Overall, we collected data on 13 males and 18

females in site Urban I, 11 males and 11 females in site Urban II, 21

males and 17 females in site Sub-Urban, 10 males and 14 females in

site Non-Urban. A 2-way ANOVA revealed that SVL is significantly

affected by the interaction of population and sex (F3,107 ¼ 7.71;

P<0.001; Supplementary Table S1; Figure 1). A post hoc Tukey test

showed that significant differences occurred between sexes in both

Sub- and Non-Urban sites (Supplementary Table S2; Figure 1), where-

as no differences were detected in snakes from both urban sites

(Urban I and Urban II) (Supplementary Table S2; Figure 1). Male

body size did not differ between populations, whereas females were

larger in Sub-urban and Non-urban sites compared with both urban

(Urban I and Urban II) populations (Supplementary Table S2;

Figure 1). Sex ratio did not deviate from 1:1 in Urban I (chi2 ¼ 0.81;

P¼0.37), Urban II (chi2¼0.0; P¼1), Sub-urban (chi2 ¼ 0.42;

P¼0.52), or Non-urban (chi2 ¼ 0.66; P¼0.41) populations.

Descriptive statistics are provided in Supplementary Table S3.

Our study represents the first report of decrease in size of 1 of

sexes leading to loss of sexual size dimorphism in native species

imposed by the urban environment (Hudson and Virgin 2018). As
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predicted, urban snakes tended to exhibit smaller body sizes com-

pared with sub- and non-urban populations. However, this pattern

was visible only for females, whereas for males we did not detect

any differences among populations. In consequence, the magnitude

of sexual size dimorphism of grass snakes in the city is reduced com-

pared with both sub- and non-urban populations. The observed pat-

tern clearly shows that the environmental pressure of the city acts

asymmetrically on both sexes. Reduced female size in urban popula-

tions may be explained by resource scarcity in the city (Kozłowski

1992) or mortality biased toward larger specimens (Andrews and

Gibbons 2008, Niemelä et al. 2011). However, size-biased mortality

affecting larger females would eventually lead to a reduced fraction

of females in the population visible as male-biased sex ratio (Kurek

et al. 2019). This is not what we observed, as the sex ratio of urban

grass snakes did not deviate from 1:1, suggesting that mortality is

not the main factor underlying the detected variation in the body

size. Therefore, we propose that smaller female size in the city repre-

sents a result of reduced resource availability in Kraków (Budzik

et al. 2013). A similar response in female size was in fact docu-

mented for insular grass snakes where females also attain smaller

sizes due to limited prey availability compared with mainland, food-

rich sites (Madsen and Shine 1993). However, disentangling the fac-

tors that underlie the impact of the urban environment on the body

size of snakes, including heritable effects and phenotypic plasticity,

requires further studies, for example, assessment of age structure

and common environment experiments.

Sexual size dimorphism, with females growing larger than males,

is commonly observed in snakes and is discussed in terms of positive

selection toward high fecundity (Shine 1994). Indeed, a positive as-

sociation between female size and clutch size or offspring number is

well documented in snakes (Shine 1994), including grass snakes.

Therefore, reduced female size in urban sites may have a direct effect

on population dynamics as it may reduce reproductive potential and

population growth. This, in turn, reduces population size and, sim-

ultaneously, increases the risk of extinction of urban populations.

Nevertheless, despite an obvious alteration in body size, no apparent

deviations in population structure were observed, at least at the level

of sex ratio. Thus, we suggest that optimization of body size to pre-

vailing conditions may serve as a mechanism that buffers the nega-

tive impact of resource scarcity on survival. Therefore, we suggest

that future studies should pay more attention to the mechanisms

underlying body size variation in ectotherms under urban pressure.

Such data would provide substantial understanding of the

individual-based processes related to population-level responses to-

ward increasing urbanization.
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Figure 1. Body size (SVL) of grass snakes representing both sexes in 4 studied

populations (LSM 6 95% CI). Groups for which significant differences were

detected (P<0.05) do not share a common letter.

218 Current Zoology, 2020, Vol. 66, No. 2

https://academic.oup.com/cz/article-lookup/doi/10.1093/cz/zoz034#supplementary-data

