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Introduction
Tsalapitsa rice fields is one of the biggest agroeco-
systems in Bulgaria. It is a complex consisting of 
watered areas surrounded by low dikes, canals and 
wet meadows located in the vicinity. The main habi-
tats have been formed as a result of human activities 
and their existence largely depends on the use of the 
land, primarily for rice production. Paddy cages have 
different water level (water-filled in the end of April 
and emptied in the end of September) and it creates 
conditions suitable for birds and other animals, in-
cluding amphibians. The rice fields Tsalapitsa was 
proclaimed as a protected area aiming the conserva-
tion of birds and their habitats based on the Directive 
2009/147/EU (State Gazette, № 21. 2007). Although 
the legislative status of the protected area prohib-

its the use of indiscriminate means of pest control, 
the poor control and the lack of effective protection 
measures allow the use of fertilizers and pesticides 
in the paddy cells. Agrochemical contaminants can 
affect amphibians, as they directly reduce biodiver-
sity and destroy the low levels of food chains and 
further affects consumers of the higher trophic levels 
(Blaustein et al. 2011). In addition, there are nega-
tive effects at the individual level such as deviation 
in growth, metabolism, metamorphosis, develop-
ment, behaviour and the frequency of producing 
morphological abnormalities (Hayes et al. 2006, 
Relyea 2009, Krishnamurthy & Smith 2011, Aliko 
et al. 2012, Jelodar & Fazli 2012, Thammachoti et 
al. 2012, Hegde & Krishnamurthy 2014).
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It is not a routine practice to monitor bottom 
sediments (where concentration of pesticides is 
greater); the monitoring procedures accepted by the 
national authorities in Bulgaria cover mostly surface 
waters based on the Water Framework Directive 
(Directive 2000/60/EU) and this makes it impossible 
to obtain an accurate picture of the ecological sta-
tus of the environment and living conditions in the 
habitats (paddy cages). Bioindication analyzes can 
be applied as an alternative to expensive and labour-
intensive analyzes about pesticide content in paddy 
field cages.

The amphibians are excellent bioindicators of 
environmental change due to their susceptibility to 
chemicals during the freshwater stage of their life cy-
cles (Venturino et al. 2003) and their highly permea-
ble skin (Duellman & Trueb 1994). Haematological 
parameters and the integral indicator for develop-
mental stability in P. ridibundus populations, i.e. the 
fluctuating asymmetry, are particularly suitable as bi-
omarkers (Romanova & Romanova 2003, Romanova 
& Egorikhina 2006, Peskova & Zhukova 2007, 
Zhelev et al. 2013a, 2013b, 2014a, 2014b, 2015a, 
2016). The present work examines the possibilities 
for application of bioindication based on the health 
status of amphibians in agroecosystems.

The aim of the present study is to assess the 
health status of P. ridibundus populations from the 
rice fields Tsalapitsa – a region with intensive use 
of fertilizers and pesticides, as well as to compare 
it with that of populations living in a less disrupted 
biotope used as a reference site (river Vacha). We 
analyze the values of the integral indicator for devel-
opmental stability: Fluctuating asymmetry (FA) and 
body condition factor (CF). On the basis of the re-
sults obtained, a bioindication assessment of the sta-
tus of the environment in the region of the rice fields 
Tsalapitsa is to be done, which is independent from 
the assessment based on physicochemical analyses. 
The present work is part of a complex study of the 
basic morphological and haematological parameters 
of P. ridibundus populations that inhabit the rice 
fields Tsalapitsa. Here we present morphological re-
sults of our study. The results of the haematological 
examinations are to be published elsewhere.

Materials and Methods
Study sites and data from physicochemical analysis 
of the water ecosystems: The studies were conducted 
during the spring of 2013 in two biotopes in southern 
Bulgaria: the river Vacha (Reference site, RS), in the 
south of the town of Krichim, altitude 200 m, and the 
rice fields Tsalapitsa (RF) in the north-west of the 

town of Plovdiv, altitude 192 m (Fig. 1).
The river Vacha is in the western Rhodope 

Mountains. According to the data from physi-
cochemical monitoring performed by the Basin 
Directorate for Water Management in the Eastern 
Aegean Region, Plovdiv (http://www.bg-ibr.org), 
water in the river meets the first category (clean) ac-
cording to surface water categorization in Republic 
of Bulgaria, Regulation № 7/08.08.1986 (State 
Gazette 96, 12.12.1986). Sampling for the purposes 
of the present study was carried out on 27.05.2013 
in the region south of the town of Krichim (42°34′ 
N, 24°47′ E).

Roughly in the middle of the rice fields 
Tsalapitsa, north-southwards, a third-class road 
is connecting the village Tsalapitsa with the town 
Saedinenie and Trakia Motorway. Samples were 
collected on 05.16.2013 (42°23′ N, 24°58′ E), in 
paddy cages located on both sides of the road. The 
water used to fill paddy cages comes from a system 
of secondary channels connected with the complex 
irrigation canal (CIC) Lesichevo-Stryama. Data of 
the physicochemical monitoring of water in CIC 
Lesichevo-Stryama obtained in the process of devel-
opment of the Management Plan for the Protected 
Area Rice Field Tsalapitsa), that coincide with the 
time of our study, showed no deviation from the per-
missible limits: all 14 tested parameters are in the 
norms for the first and second categories accord-
ing to surface water categorization in Republic of 
Bulgaria (including Ammonium Nitrate N-NH4 – 
0.22 mg/dm3, Nitrogen Nitrate N-NO3 – 1.42 mg/
dm3, Nitrogen Nitrite N-NO2 – 0.007 mg/dm3 and 
Total Nitrogen – 1.9 mg/dm3) are the norm (N-NH4: 
0.1–2.0 mg/dm3, N-NO3: 5–10 mg/dm3, N-NO2: 
0.002–0.04 mg/dm3, Total Nitrogen: 1–5 mg/dm3) 
(Management Plan for the Protected Area for Birds 
BG0002086 Rice Field Tsalapitsa 2013).

Frog capturing and methods of analyses: 
This study was carried out with the marsh frog P. 
ridibundus, determined on the base of its morpho-
logical characteristics; namely, P. ridibundus differ-
entiated from P. kl. esculentus in metatarsal tubercle 
size (Biserkov et al. 2007). The animals were caught 
from the water along the banks in the evening time 
with an electric torch. The catch was selective in 
terms of quantity and sex, aiming for a roughly equal 
sample in each of the two biotopes (25 males and 
females from each biotope). We separated them by 
sex, basing on secondary sexual characteristics: res-
onator bubbles in the corners of the mouth and “mar-
ital corns” on the first finger in male individuals. The 
analyses were done with live animals, after that they 
were returned back to their natural habitat. Their age 
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was determined on the basis of their body size. All 
examined animals were adults (SVL>60.0 mm) and 
sexually mature (see Bannikov et al. 1977).

Morphological measurements: According to the 
ethical standards for handling of animals Beaupre et 
al. (2004), the live frogs had been anaesthetized with 
ether (Stetter 2001). We used a calliper to measure 
the Snout-Vent Length (SVL) with an accuracy of 
0.1 mm and we weighed the animal – Body Weight 
(BW). For the animals from each biotope we calcu-
lated the “Factor for body nutritional status” of indi-
viduals, or Condition Factor (CF) which is used in 
ichthyology, by the formula: (BW/SVL3) x 102 pro-
posed by Pauly (1983), also applicable for tailless 
amphibians and previously used in this frog species 
(Spirina 2009, Jelodar & Fazli 2012, Zhelev et al. 
2015b).

Fluctuating asymmetry: As a method for as-
sessing the developmental stability, we used fluctu-
ating asymmetry in 10 morphological traits, as sug-
gested by Chubinishvili (1997) and Zakharov et al. 
(2000). The level of asymmetric manifestation for 
each of the ten traits was recorded for each individ-
ual; it may vary from 0 (no asymmetry) to 1 (all the 
traits are asymmetric). It is possible for some of the 
traits not to express asymmetry but only in very rare 
cases it is possible for all 10 traits to be bilateral (see 
Zhelev et al. 2014b, 2015c). Using the FA in mer-
istic traits in amphibians, as a method for assessing 
the developmental stability, is justified, since they 
show a greater variability in comparison with met-

ric signs (Zakharov 1987, Palmer 1994, Eisemberg 
& Bertoluci 2016). Moreover, the meristic traits 
are mostly used as diagnostic markers because they 
are more sensitive to environmental changes rather 
than the metric ones (Zakharov et al. 2000). The 
fluctuating asymmetry was defined by the index 
frequency of asymmetric manifestation of an indi-
vidual (FAMI). FAMI = (Σ dL-R/N) and calculated as 
the ratio of the sum of the number of individuals ex-
pressing asymmetric traits towards the total number 
of individuals (Zakharov et al. 2000). The grade 
rating for the status of the populations (respectively 
for the corresponding biotope) achieved on the basis 
of the FAMI values defined by a specfic scale for P. 
ridibundus in the southern part of its geographical 
range (see Peskova & Zhukova 2007, Zhelev et al. 
2014b, 2015c).

Statistical analysis: Mathematical processing 
of the data was carried out using standard statisti-
cal procedures, using statistical package R – 3.1.2. 
Normality in the distribution of the parameters was 
verified with the Shapiro-Wilk test, and a standard 
distribution of: p>0.05 was found. Morphological 
examination data were analyzed by a two-way anal-
ysis of variance (Yoshida 1995), which included fac-
torial analyses of group (sites: Reference site RS and 
Rice fields RF), sex and group-sex interaction, using 
the values from individual frogs. A statistical signifi-
cance of the between-groups differences were evalu-
ated using Tukey HSD post hoc test. Results with 
p<0.05 [α=5%] were considered significant. Data 

Fig. 1. Geographical location of the water ecosystems. The map has been prepared by the help of the Geographic infor-
mation system (GIS). Legend: Sites: 1 – the river Vacha (Reference site, RS); 2 – the rice fields Tsalapitsa (RF)
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Table 1. Two-way ANOVA: tests of between-subjects effects for morphological parameters in Pelophylax ridibundus 
populations from two investigated sites in southern Bulgaria

Parameters Fixed effects Df Sum Sum Sq Mean Sq F value Pr(>F)

SVL

Sites 1 1.21 1.21 2.629 0.108 ns
Sex 1 55.35 55.35 120.253 <2e-16 ***

Sites: Sex 1 0.27 0.27 0.587 0.445 ns
Residuals 96 44.19 0.46 – –

BW

Sites 1 4227 4227 43.769 2.1e-09 ***
Sex 1 19560 19560 202.550 < 2e-16 ***

Sites: Sex 1 621 621 6.425 0.0129 *
Residuals 96 9271 97 – –

CF

Sites 1 125.10 125.10 82.255 1.48e-14 ***
Sex 1 0.06 0.06 0.039 0.843 ns

Sites: Sex 1 0.17 0.17 0.109 0.742 ns
Residuals 96 146.01 1.52 – –

FAMI

Sites 1 2.7889 2.7889 554.086 <2e-16 ***
Sex 1 0.0009 0.0009 0.179 0.673 ns

Sites: Sex 1 0.0001 0.0001 0.020 0.888 ns
Residuals 96 0.4832 0.0050 – –

Significance codes: *** (<0.001), ** (<0.01), * (<0.05), ns (>0.05).

Table 2 Descriptive statistics and results from the between-groups differences analysis of the morphological param-
eters and indicator of development stability of Pelophylax ridibundus individuals from the investigated sites in south-
ern Bulgaria

Parameters

Sites

Tukey HSD

Reference site Rice field
Female (1)

(n=25)
Male (2)
(n=25)

Female (3)
(n=25)

Male (4)
(n=25)

Means ± standard errors of means
Minimum–Maximum

SVL (cm) 8.24±0.19
(7.10–10.20)

6.65±0.08
(6.10–7.20)

7.92±0.15
(7.10–9.60)

6.54±0.07
(6.10–7.20)

1/3ns, p=0.335
1>4, p=0.000
2<3, p=0.000

2/4ns, p=0.930Tukey HSD 1>2, p=0.000 3>4, p=0.000

BW (g) 69.71±2.69
(53.17–93.67)

36.75±0.95
(30.61–45.12)

51.72±2.64
(39.25–78.06)

28.73±0.55
(24.26–35.55)

1>3, p=0.000
1>4, p=0.000
2<3, p=0.000
2>4, p=0.024Tukey HSD 1>2, p=0.000 3>4, p=0.000

CF 12.59±0.39
(8.83–14.86)

12.46±0.19
(10.99–14.75)

10.27±0.14
(8.39–11.59)

10.31±0.18
(8.69–11.95)

1>3, p=0.000
1>4, p=0.000
2>3, p=0.000
2>4, p=0.000Tukey HSD 1/2ns, p=0.982 3/4ns, p=0.999

FAMI 0.37±0.01
(0.30–0.50)

0.37±0.01
(0.30–0. 50)

0.71±0.01
(0.60–0.80)

0.70±0.01
(0.60–0.80)

1<3, p=0.000
1<4, p=0.000
2<3, p=0.000
2<4, p=0.000Tukey HSD 1/2ns, p=0.997 3/4ns, p=0.978

Legend: SVL – Snout-Vent length, BW – Body weight, CF – Condition factor; FAMI – Frequency of asymmetric 
manifestation of an individual; n – Number of individuals. The sings < and > compare mean values of the parameters. 
Significance codes: ns (>0.05).
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are given as Mean±SEM, a Min–Max. The weight-
length relationships of P. ridibundus individuals 
from each site were performed by linear regression 
analysis.

Results
Results from two-way ANOVA analysis are present-
ed in Table 1.

There were statistically significant differences 
in the mean values of the parameters BW, CF and 
FAMI for individuals from the two sites (without 
taking into account the sex). The mean values of 
the parameters SVL and BW, recorded for the indi-
viduals of both sexes showed statistically significant 
difference (without taking into account the sites). 
Analysis of the interaction Sites x Sex reported a 
statistically significant difference in just one param-
eter – BW. Further analysis of the interaction Sites x 
Sex showed that it is due to the bigger effect of sex 
in the Reference site, where the sex explains ~73.5% 
of the variation observed, while in the Rice fields 
the sex explains barely 60% (not shown). In order 
to better understand the potential effect of the agri-
cultural pollution on the studied parameters, we ana-
lyzed all possible between-group differences using 

Tukey-HSD test. The results from the analysis are 
presented in Table 2.

SVL and BW: The values of the two param-
eters of females from Reference site and Rice fields 
Tsalapitsa were statistically significantly higher than 
those of males. This is normal in view of the exist-
ence of sexual dimorphism in P. ridibundus. For the 
parameter SVL the comparisons between same-sex 
individuals from RS and RF showed no statistically 
significant differences, while BW had reliably high-
er values in males and females from RS. CF: There 
were no sex differences in the parameter values 
between males and females from RS, and between 
those from RF. The individuals of both sexes inhab-
iting RS had statistically significantly higher levels 
of the body CF as compared with females, and in 
comparison with males inhabiting RF. The weight-
length relationship of P. ridibundus individuals from 
the two sites compared are shown in Figure 2. The 
values of the coefficient of determination (R2) were 
higher in females from the two sites compared to its 
values in males. Meanwhile, the differences between 
same-sex animals from RS and RF were minor. The 
scaling coefficients in females from RF (17.07) were 
higher than that in the individuals of the same sex 
inhabiting RS (13.28). A reverse situation was found 

Fig. 2. Regression analysis of relationships between body weight and snout-vent length of Pelophylax ridibundus from 
the sites investigated in southern Bulgaria. Ledend: Females – a, c; Males – b, d
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with males: in these from RF, the scaling coefficients 
had lower values (6.93) than the animals from RS 
(11.10).

FAMI: The value of this parameter did not show 
differences of sex in both: the comparisons between 
males and females from RS and between those from 
RF. The individuals of both sexes inhabiting RF had 
statistically significantly higher values of FAMI as 
compared with females, and in comparison with 
males inhabiting RS.

Discussion
Previous data suggest that the values of BW and 
body CF in P. ridibundus from populations inhab-
iting conditions of anthropogenic pollution have 
significantly lower values than those of individuals 
from populations inhabiting less disrupted territories 
(Spirina 2009, Jelodar & Fazli 2012, Zhelev et al. 
2015b). In our study the analysis of morphological 
parameter values, reflecting the general physical 
state of the individuals of P. ridibundus inhabiting 
the two sites, shows that the individuals of both 
sexes inhabiting the rice fields Tsalapitsa had seri-
ous growth problems. The results from linear regres-
sion analysis are indication of similarity in growth 
processes, but also of a different model in the course 
of physical development of the animals from RS 
and RF: in similar linear dimensions in individuals 
of both sexes, weight of the animals inhabiting RF 
was lower than that of these from RS. The reliably 
lower values of CF in individuals of both sexes in 
RF are also a confirmation of a serious delay in their 
physical development (more pronounced in males). 
The reasons for this could be sought in the deterio-
rated nutrient base in RF, as well as in disturbances 
in metabolism caused by xenobiotics. The analy-
sis results for the values of body conditions factor 
are in support of our thesis, the tailless amphibian 
Fejervarya limnocharis (Gravenhorst, 1829) living 
in agrochemical contaminated rice fields in Western 
Ghats in India and Thailand. In this study the values 
of body CF of amphibians inhabiting rice fields are 
reliably lower than those of amphibians inhabiting 
reference sites (see Thammachoti et al. 2012, Hegde 
& Krishnamurthy 2014).

The analysis on the values of fluctuating asym-
metry showed much higher values of the index 
FAMI in the population from RF. On the basis of 
the values, recorded for the integral indicator for de-
velopmental stability, RF was assessed with a rat-
ing grade 4/5 according to the scale of Peskova & 
Zhukova (2007) whereas RS was rated with grade 
1. These values clearly show that conditions in the 

rice fields have worsened much (the environment is 
polluted), which resulted in higher levels of FA in 
P. ridibundus populations. The results obtained in 
this study are compatible with those obtained by a 
previous examinations in the rice fields Tsalapitsa 
(Zhelev 2011); moreover, in comparison with the 
previous study, these results trace out darker trends. 
In a study carried out in 2009 with the populations of 
two amphibian species, P. ridibundus and Bombina 
bombina L., 1761, the following levels of asymme-
try were recorded, respectively P. ridibundus: FAMI 
♂ 0.68±0.02, ♀ 0.58±0.02, and B. bombina: FAMI 
= ♂ 0.62±0.05, ♀ 0.61±0.06, respectively. On the 
basis of the values for FAMI, the environmental con-
ditions of the rice fields Tsalapitsa were assessed in 
2009 with a rating grade ¾ according to the scale 
of Peskova & Zhukova (2007). The comparisons 
show that the conditions in the rice fields Tsalapitsa 
are not getting better; on the contrary, they become 
worse. Similar high levels of asymmetry, with FAMI 
0.70–0.80, were reported for the populations of P. 
ridibundus from the rivers Topolnitsa (polluted with 
heavy metals) and Sazliyka (with domestic sewage 
pollution) (Zhelev et al. 2013b, 2015c).

The physicochemical data presented in 
Management Plan for the Protected Area for Birds 
BG0002086 Rice Field Tsalapitsa (2013) show that 
the water used for filling paddy cages does not con-
tain toxicants of anthropogenic origin above the per-
missible standards in the country. In our view, the 
changes in the condition of the studied morpho-phys-
iological parameters of P. ridibundus individuals in 
the rice fields Tsalapitsa reflects the negative effects 
of the long-term influence of xenobiotics, probably 
pesticides, which have been applied in paddy cages. 
This could be confirmed by carrying out analyzes on 
the pesticide content of the bottom sediments of the 
paddy cages but, even without such examinations, 
the bioindication test gives grounds for a serious con-
cern about the extent of human impacts on the biota 
in this sensitive agroecosystem and refers to the need 
for measures to control human intervention.

Conclusion
There are significant changes in amphibian mor-
phological parameters: lower values of body CF 
and high levels of FA. In our view, these changes 
in the populations of P. ridibundus that inhabit the 
rice fields Tsalapitsa, probably have been caused by 
the pesticides and fertilizers introduced in the paddy 
cages in the rice production processes. The present 
work confirms the reliable role of fluctuating asym-
metry as a biomarker in P. ridibundus populations 
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and it illustrates the opportunities for practical ap-
plication of the method in biomonitoring on agroe-
cosystems.
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