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Abstract. The current study presents data about the variations in body size and color polymorphism of toads from the Bufotes viridis 

complex inhabiting two semi-natural habitats – “Hulm Bunardzhik” Hill  (Site 1) and “Mladezhki hulm” Hill (Site 2) located in a 

highly urbanized area of Plovdiv City, Bulgaria. The purpose of the analyses was to obtain data allowing a better understanding of 

the adaptive capabilities of this anuran complex, allowing it to survive in diverse, incl. anthropogenically transformed habitats.  The 

results of our study showed that for the parameter snout-vent length (SVL) the main effect of the habitat (site) was significant, while 

the effects of sex and the combination sex and site were insignificant. We found significant interactions between all three tested 

variables (site, sex and combination sex and site) for the parameter body weight (BW). The population from “Mladezhki hulm” Hill 

was strongly dominated by individuals from the two dark-background morphs (C and D), while the population from “Hulm 

Bunardzhik” Hill was dominated by the light-colored (A and B morphs) individuals. Our results support the hypothesis that color 

polymorphism in anurans is also influenced by environmental factors and habitat characteristics. 
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Introduction 

 

The European green toad Bufotes viridis (Laurenti, 1768) 

(Frost 2013), synonym Pseudepidalea viridis (Frost et al. 2006), 

is a species from the European green toads Bufotes viridis 

subgroup (Dubois & Bour 2010). B. viridis diploid complex is 

one of the most polytopic amphibian groups of the Palearctic 

(Stöck et al. 2006, Özdemir & Kultrup 2007, Fayzulin et al. 

2018). It includes at least 12 major evolutionary lineages and 

14 morphologically similar species distributed across Eu-

rope, Asia and Northern Africa and overall the taxonomy is 

still controversial and unspecified (Batista et al. 2006, Litvin-

chuk et al. 2007, Stöck et al. 2008, Özdemir et al. 2014, Vences 

et al. 2019). In Bulgaria B. viridis complex occurs across the 

territory of the whole country (Beschkov & Nanev 2002). 

This terrestrial and nocturnal toad inhabits a wide range of 

habitats and is commonly found in less disrupted areas 

(Stojanov et al. 2011), as well as in human-modified habitats: 

urbanized (Mollov 2019) and industrial areas (Zhelev et al. 

2014).  

The ecology, biology and biometrical characteristics of B. 

viridis complex populations in Europe are fairly well known 

(Biserkov et al. 2007, Stojanov et al. 2011, Zhelev et al. 2017, 

Mollov 2019). In Bulgaria Bufotes viridis complex is relatively 

well-studied, but some aspects of its ecology, such as varia-

tions in color polymorphism and their possible role, are still 

poorly understood. 

In animal biology, coloration plays a vital role in various 

aspects. In many amphibians, cryptic or aposematic colora-

tion enhances their protection against predators (Hoffman & 

Blouin 2000, Kang et al. 2016). Coloration can also provide 

valuable information to co-specific about sex, vitality, ma-

turity or breeding availability (Vitt & Caldwell 2009, Ja-

blonski et al. 2014). Anurans are ectothermic animals and 

some color variations (including color anomalies) may influ-

ence their survival and behavior (Clusella Trullas et al. 2007, 

Silva & Mahaulpatha 2019). Coloration and patterns of green 

toads from the B. viridis complex varies across their distribu-

tional range, but in most cases the background coloration is 

light to dark brownish, covered with randomly dispersed 

darker green patches with various sizes (Stojanov et al. 2011, 

Arnold & Ovenden 2002). Despite the differences in tint or 

intensity of both background color and pattern, color aberra-

tions within this species complex are rarely observed. How-

ever, a number of authors report some color deviations from 

the typical color pattern for this toad complex: axanthism 

(Jablonski et al. 2014), erythrism (Lanza & Canestrelli 2002, 

Kolenda et al. 2017) and albinism (Andrä 2011). 

Peskova (2003, 2006) describes four color morphs in B. 

viridis for Southern Russia: with an even background: 1) 

light or 2) dark; green spots against this background: a) in-

dividual, small or b) merging. Accordingly, the following 4 

morphs can be distinguished: A – light back background, 

individual spots; B – light back background, merging spots; 

C – dark back background, individual spots; D – dark back 

background, merging spots (4). Based on this methodology, 

we registered these four color morphs in green toad popula-

tions from South Bulgaria (Zhelev et al. 2014). In another re-

cent study, conducted in Southeastern Russia (Samara re-

gion) the four morphs were also confirmed (Fayzulin et al. 

2019). 

The aim of the study is to present the results from a par-

allel evaluation of body size and color polymorphism of a 

representative, random sample from the B. viridis complex 

that inhabit two semi-natural habitats – “Hulm Bunardzhik” 

Hill and “Mladezhki hulm” Hill (protected areas) located in 

a highly urbanized area of Plovdiv City, Bulgaria. The pur-

pose of the analyses is to obtain data allowing a better under-

standing of the adaptive capabilities of this anuran complex, 

allowing it to survive in diverse habitats (incl. anthropogeni-

cally transformed).  In this study, we examined the relation-

ship between sex and dorsal coloration (color by sex), as well 
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as the influence of the habitats in the sites on the coloration of 

individuals of the B. viridis complex. We also examined the re-

lationship between sex and the type of spots - individual or 

merging (spots by sex), as well as between the type of spots 

and the habitat (spots by sites).  
 

 

Material and Methods 

 

Sampling area 

NL “Halm Bunardzhik” Hill (Site 1) is situated on 22.0 hectares, with 

peak altitude at 265 m a.s.l., and NL “Mladezki halm” Hill (Site 2) - on 

36.2 hectares with highest point at 285.5 m a.s.l. Both sites are located in 

the center of the city of Plovdiv (Figure 1) and by origin are syenite 

hills formed during the Paleogene. Both hills were declared as protect-

ed natural monuments by the Bulgarian Ministry of Environment and 

Waters (MOEW), aiming to conserve the natural landscape and the 

unique geomorphologic formations. However, despite the prohibi-

tions on public and business activities, these sites are subject to tour-

ism and recreation, and - especially during the weekends - a signifi-

cant flow of people visit them. In addition, the hills are basically 

built up, in the time before they were declared as protected (Mollov 

2019). 

 

Capturing toads and morphological analyses 

The current study is based on the results from the analyzed samples 

of 30 female and 30 male toads from each site captured in April 2017. 

All toads were captured by hand using flashlight at night. Exact age 

could not be determined and the toads were considered adults, based 

on the snout–vent length (SVL; Bannikov et al. 1977). The toads col-

lected in the present study were considered adults and sexually mature 

at SVL > 60.0 mm (Bannikov et al., 1977; Sinsch, et al., 2007; Altunişik & 

Özdemir, 2015). The toads were grouped according to their sex, on the 

basis of the secondary sexual characteristics such as the presence of vo-

cal sac and “marital corns” on the first finger in male individuals. The 

analyses were done with live animals, on the next day after their collec-

tion. For each individual, we measured SVL using a digital caliper with 

an accuracy of 0.1 mm and total weight to the nearest 0.1 g. Body 

weights (BW) were estimated using a digital weighing balance (KERN 

EMB 600-2, Germany). After the analyses the toads were brought back 

to their habitats.  

 

Identification of color polymorphism 

The color polymorphism in B. viridis complex individuals was deter-

mined based on variations in the coloration of the dorsal side of the 

body, according to the methodology proposed by Peskova (2003, 

2006). The morph is not a taxonomical category and especially in B. vi-

ridis complex the mechanisms of genetic control on the coloration of 

the dorsal side are poorly studied (Stöck et al. 2008). Some authors 

suspect a connection between the color of the background (dark or 

light) on the dorsal side of this toad with the environmental factors 

(Zhelev et al. 2014, Fayzulin et al. 2019). The number of spots is not 

under strict genetic control and is also influenced by environmental 

factors (Arnold & Ovenden 2002, Peskova 2006).  

 

Statistical analyses 

Mathematical processing of the data was carried out with standard sta-

tistical procedures, using the statistical package R-3.1.2 (R Develop-

ment Core Team 2015). Measured morphological data (SVL and BW) 

were analyzed by a two-way analysis of variance (ANOVA), which in-

cluded factorial analyses of group (sites, habitats), sex and group-sex 

interactions, using the values from individual toads. The data distribu-

tion of both variables SVL and BW was visually inspected, using histo-

gram graphs. Due to the heavier females the BW data had two modes 

and was not normally distributed. As the assumption of ANOVA is a 

normality of the residuals from the model and the diagnostics of the 

models showed normally distributed residuals we proceeded with re-

porting the results from the parametric tests. 

 
 

Figure 1. Indicative map of the sites of the Plovdiv city where individ-

uals of the B. viridis complex were captured in 2017. Legend:  Site 1 – 

NL “Halm Bunardzhik” Hill, Site 2 – NL “Mladezki halm” Hill. 
 

 

 The statistical significance of the differences between the groups 

was evaluated using Tukey HSD post hoc test. Results with p < 0.05 [α 

= 5%] were considered significant. Data were given as mean values 

±SEM, a Minimum–Maximum. The significance of relationship of the 

skin color and type of the morph with the habitat was tested using chi-

squared test of independence or Fisher’s exact test (in the case where 

the numbers of animals in a category were below five). The data ana-

lyzed with chi-squared or Fisher's exact test were not tested for nor-

mality as no normality is expected. 

 

 

Results 

 

Morphological parameters (SVL and BW):  

descriptive statistics and ANOVA. 

Results from two-way ANOVA analysis are presented in 

Table 1.  

For the parameter SVL the main effect of habitat (site) 

was significant (p < 0.05). The effects of sex and the combina-

tion sex and site were insignificant (p > 0.05). We found sig-

nificant interaction between all three tested variables (site, 

sex and combination sex and site) for the parameter BW (p < 

0.001). The significance of the differences between the means 

of the four groups for two studied parameters was tested us-

ing Tukey HSD (Table 1). Comparisons between individuals 

of both sexes from sites 1 and 2 did not show any statistically 

significant differences for the SVL parameter. For the BW 

parameter, all pair-wise comparisons showed significant dif-

ferences, except for the comparison between the males from 

the two biotopes. The females from both sites were signifi-

cantly heavier than the males, which was the reason for the 

reliable interaction effect of sites and sex for this parameter. 

The effect of the habitat varied by sex. 

 

Color polymorphism 

At site 1, all four morphs: A, B, C and D (Figure 2), were reg-

istered for the individuals of both sexes, while for those in-

habiting site 2, morph D was absent for the females. For both 

sexes, individuals in site 1 were dominated by two dark-

background morphs (C and D), while those from site 2, the 

two morphs with light-background were dominant - A and 

B (see Table 2). The analysis of the interaction between the  
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Table 1. Morphological parameters in individuals of the B. viridis complex from two investigated sites. Legend: Adf - sites, Bdf - sex, Cdf - 

sites × sex, Ddf - Residuals; MS - mean square, SVL - snout–vent length, BW - body weight, n - number of individuals. * p < 0.05; ** p < 

0.01; *** p < 0.001; ns p > 0.05. 
 

Two-way ANOVA: tests of between-subjects effects 

SVL BW 

A1: MS = 68.056, F = 6.631* 

B1: MS = 12.956, F = 1.262 ns 

C1: MS = 9.753, F = 0.951 ns 

D116: MS = 10.264 

A1: MS = 193.70, F1 = 14.811*** 

B1: MS = 1912.97, F1 = 146.268*** 

C1: MS = 632.31, F1 = 48.348*** 

D116: MS = 13.08 

Descriptive statistics (Mean±SEM; Min–Max). The sings < and > compare mean values of the parameters 

Parameters 
Site 1 Site 2 

Comparisons (Tukey HSD) 
Female (1) n = 30 Male (2) n = 30 Female (3) n = 30 Male (4) n = 30 

SVL (mm) 
66.63±3.72 

(60.19–74.27) 

65.41±3.17 

(61.17–72.31) 

67.56±2.99 

(61.04–74.15) 

67.47±2.87 

(62.47–74.52) 
1/2ns, 3/4ns, 1/3ns, 1/4ns, 2/3ns, 2/4ns 

BW (g) 
39.61±3.87 

(35.11–47.61) 

27.02±3.27 

(21.31–34.69) 

32.47±3.46 

(27.03–38.84) 

29.07±3.83 

(23.62–36.51) 
1>2***, 3>4**, 1>3***, 1>4*, 2<3***, 2/4ns 

 

 

Table 2. Frequency of occurrence of color morphs in B. viridis complex in the studied sites. Legend: n – number 

of individuals, % - morphs share, A and C - individual spots of the dorsal side of the body, B and D - merging 

spots of the dorsal side of the body, LB - light background, DB - dark background. 
 

Sites Sex 
Morphs (n / %) 

A B LB C D DB 

Site 1 
Female 3 / 10.0% 6 / 20.0% 9 / 30.0% 11 / 36.67% 10 / 33.33% 21 / 70.0% 

Male 2 / 6.67% 2 / 6.67% 4 / 13.34% 14 / 46.66% 12 / 40.0% 26 / 86.66% 

Site 2 
Female 13 / 43.33% 15 / 50.0% 28 / 93.33% 2 / 6.67% 0 / 0 2 / 6.67% 

Male 14 / 46.67% 13 / 43.33% 27 / 90.0% 1 / 3.33% 2 / 6.67% 3 / 10.0% 

 

 

sex and the dorsal coloration (color by sites) did not show 

statistically significant association for the individuals from 

site 1, as well as those from site 2 (Figure 3b). The assess-

ment of the habitat influence on the dorsal coloration (color 

by sites) showed strong statistically significant association - 

Fisher's exact test F = 37.934, p < 0.0001 (Figure 3c). The 

analysis on the connection between the sex and the type of 

spots (spots by sex) did not show any statistically significant 

results for toads from both site 1 (Figure 4a) and site 2 (Fig-

ure 4b). We did not record statistically significant association 

between habitat and type of spots as well (spots by sites, 

Figure 4c). 

 

 

 

Discussion 

 

Body size in B. viridis complex individuals  

from the study sites in Plovdiv City 

In the present study, all studied individuals were adults, but 

not divided into age groups based on accurate skeletochro-

nology, as our work was not strictly oriented to demograph-

ic parameters. The measured SVL and BW parameters give 

an overall picture of body size for the four samples of 30 

adult green toads inhabiting the two study sites in Plovdiv 

City. 

It is well known that, of the two parameters of body size 

in our study, the BW is the more variable. The BW in anu-

rans can be influenced by various factors, such as competi-

tion, food availability, unfavorable climatic conditions or a 

poor environmental quality (Reading & Clarke 1995, Nabil et 

al. 2011). Anurans are ectothermic animals and usually the  

 
 

Figure 2. Photos of the four identified color morphs in B. viridis com-

plex from the two investigated sites. Legend: A – light back back-

ground, individual spots of the dorsal side of the body; B – light 

back background, merging spots; C – dark back background, indi-

vidual spots); D – dark back background, merging spots. 
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Figure 3. Grouping by sex of individuals of B. viridis complex from each site by color (a, b) and coloring toads from two sites, 

without regard for sex (c). Legend: F – females, M – males, L – light background of the dorsal side of the body, D – dark 

background of the dorsal side of the body. *Statistics: F: Fisher's exact test - 4a) F = 0.365, p = 0.209, 4b) F = 0.047, p = 1.0, 4c) 

F = 37.934, p = 1.729e-15. 
 

 

 
 

Figure 4. Distribution of spots by sex in B. viridis complex from each site (a, b) and the type of spots at toads from two sites, 

without regard to sex (c). Legend: F – females, M – males, A – individual spots of the dorsal side of the body, B - merging 

spots of the dorsal side of the body. *Statistics: χ2: Pearson's Chi-squared test with Yates' continuity correction, F: Fisher's 

exact test.5a) *χ2 = 0.067, p = 0.796, 5b) χ2 = 0, p = 1.0, 5c) F = 1.0, p = 1.0. 
 

 

Bergmann’s rule does not apply for them (Berrigan & Char-

nov 1994, Ashton 2002, Adams & Church 2008), however in-

dividuals from other wide-ranging endothermic animal spe-

cies, living in a cold climate tend to be larger than individu-

als living in a warm climate. There are even records that 

show some anuran species, contrary to the Bergmann’s rule, 
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shrink their body size at colder climate (Ma et al. 2009). An-

other important abiotic factor connected with the variations 

of body size is altitude (Altunişik & Özdemir 2015). In am-

phibians commonly the combination of high-altitude and 

cooler temperatures, leads to a larger body size (Üzüm & 

Olgun 2009). Parameters such as food availability, habitat 

quality, and predation pressure on age of maturity and lim-

ited altitudinal gradients have effects on the body size (Mor-

rison & Hero 2003). Specifically for B. viridis complex data 

suggest that climatic factors, ecological and trophic influence 

can lead to differences in body size of the green toads (Gia-

coma et al. 1997, Castellano & Giacoma 1998). 

According to our results, no statistically significant dif-

ferences in body length were recorded between individuals 

of both sexes inhabiting site 1 and site 2 (see Table 1). The 

SVL parameter varies in individuals from site 1 in the range 

of 60.19–74.27 mm and in those in site 2 in the range of 

61.04–74.52 mm. For the other basic body size parameter, 

BW, our results revealed clear sexual dimorphism – the fe-

males from both sites were heavier than the males. For Bul-

garia, according to Beshkov & Nanev (2002), Biserkov et al. 

(2007) and Stojanov et al. (2011) the linear body size length 

of the male green toads vary from 48 to 100 mm and from 50 

to 120 mm for the females, accordingly. Although both sites 

are located in the center of a large city, they are unique 

“green islands” that have preserved a unique flora and fau-

na not influenced as strongly by anthropogenic pressure. 

Their relative altitude in respect to the city of Plovdiv (164 

m) is 143 m for “Mladezhki hulm” Hill and 108 m for “Hulm 

Bunardzhik” Hill, and climatic conditions are identical to 

those of the surrounding city. Therefore, factors such as alti-

tude, temperature, competition, food shortage or anthropo-

genic pressure are unlikely to affect significantly the body 

size of green toads inhabiting the two sites. In our opinion, 

the most probable reason for the bigger BW of the female in-

dividuals from the two sites could be associated with the re-

productive period, when the female shows a physiological 

increase in body weight, related to the production of the 

eggs. Similar differences in BW between female and males 

are reported for various species from the Bufotes viridis com-

plex from different parts of the world (Sinsch et al. 2007, Lo 

Valvo & Giacalone 2013, Trochet et al. 2014, Henle et al. 

2014). 

 

Color polymorphism in B. viridis complex individuals from 

investigated sites in Plovdiv City 

In the two studied sites, four color morphs were identified 

among individuals of the B. viridis complex. Statistical anal-

yses have showed a strong statistically significant associa-

tion between habitat and dorsal coloration (color by sites). 

Site 2 was strongly dominated by individuals from the two 

dark-background morphs (C and D), while site 1 was domi-

nated by the light-colored (A and B morphs) individuals. 

There is currently no consensus in the scientific community 

as to what causes variations in color polymorphism in am-

phibians and specifically in anurans. According to Hartl & 

Jones (1998), four sources contribute to phenotypic varia-

tions in anurans: a) genetic variation – the phenotype is ge-

netically determined; b) environmental variation – the phe-

notype is set by differences in environments; c) genotype-

environment variation – the phenotype is assigned by inter-

action of genotype and environment and d) genotype-

environment association – the phenotype is assigned by as-

sociation of genotype and environment. Field studies sup-

port the hypothesis that natural selection leads to the emer-

gence of polymorphic forms (morphs) among anurans as 

camouflage protection against predators (Hoffman & Blouin 

2000, Kang et al. 2016, Kolenda et al. 2017, Silva & Mahaul-

patha 2019). However, there is evidence to support the hy-

pothesis that color polymorphism in anurans is also influ-

enced by environmental factors (Stöck et al. 2008, Summers 

et al. 2003, Jazayeri & Saberi 2018). In the particular case of B. 

viridis complex, there is even evidence of “selective ad-

vantages” for individuals with color morphs A and C when 

living in an anthropogenically transformed environment 

(Zhelev et al. 2014, Fayzulin et al. 2019). Of course, more 

field analyses, accompanied by genetic and molecular bio-

logical analyses, are needed to prove such a hypothesis. The 

results of this study clearly indicate that the reason for the 

dominance of dark-background individuals in site 1 and 

light-backgrounds in site 2 must be sought in the environ-

mental characteristics of each of the habitats. As stated in the 

material and methods section, site 2 is characterized by low-

stemmed herbaceous and shrubby vegetation. This is an 

open area without trees and shady places. The bright colora-

tion on the back of the body enables frogs to blend well with 

the landscape, reducing the likelihood of being detected by 

visually oriented predators. The light background may also 

play a certain thermodynamic role, since outdoors, in direct 

sunlight especially during the summer season, temperatures 

are quite high. Quite the opposite argument would explain 

the dominance of dark-background individuals of C and D 

inhabiting in site 1, where the vegetation is predominantly of 

a tree type and has many shady places. However, further 

field studies are needed to understand the selective ad-

vantages of polymorphism in amphibian anurans. 
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