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Abstract: 	 In the present work we did a bio-indicational assessment of the ecological status of the river Sazliyka 
(Southern Bulgaria) and two of its left tributaries (the rivers Blatnitsa and Sokolitsa), based on the integral 
indicator for the developmental stability – fluctuating asymmetry (FA) in the populations of the marsh 
frog Pelophylax ridibundus. Seven biotopes upstream to the mouth of the Sazliyka River, and one and four 
biotopes along the rivers Blatnisa and Skokolitsa, respectively, were examined. Based on the indicators 
for FA, grade rating was assigned, and it was also done as a characteristic of the living environment in 
these biotopes, parallel and independently of the data from the physicochemical analysis.
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Introduction
Studying the responses of organisms in the 
populations that inhabit anthropogenically 
transformed ecosystems allows us not only to 
understand the causes for changes in biodiversity and 
the mechanisms of survival of certain components 
of a biotope under the influence of anthropogenic 
stressors, but also enables us to seek feedback and 
elicit information on the status of the environment. 
One of the most recent and promising methods for 
ecologic assessment of the environmental quality is 
bio-indication – a method that establishes the impact 
degree of pollutants, degradation of ecosystems in 
space and time and their manifestation in an integral 
form. The usage of bio-indicators for the integral 
assessment of ecosystems with different levels 
of complexity is also an advantage because they 

respond not only to individual pollutants but to the 
whole complex of the affecting substances as well.

One way of finding the changes that occur 
in the populations inhabiting anthropogenically 
transformed areas, before they can affect the 
viability of organisms, is to investigate the stability 
of the individual development of an organism – its 
genetically determined ability to form a phenotype 
in specific environmental conditions, without 
any ontogenetic disorders (Ustyuzhanina 2002). 
Pheno-deviations and ontogenetic noise are usually 
considered indicators of developmental stability. The 
expression of phenotypic differences reflects a certain 
level of developmental disorders (occurring in the 
first generation whose development has proceeded 
in suboptimal conditions and disappearing in the 
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restoration of optimal conditions), that are reversible 
(Van Valen 1962, Parsons 1990, Palmer 1994, 
Zakharov 2001).

In the past decade there has been a growing in-
terest in the group of amphibians, especially toward 
the tailless amphibians, with their use as test subjects 
for assessing the degree of anthropogenic pollution 
of the environment. It is particularly promising in this 
respect to investigate the manifestations of fluctuat-
ing asymmetry (minor, undirected deviations from the 
strict bilateral symmetry between the two sides of the 
body expressed by a sign) among the European green 
frogs Pelophylax kl. esculentus (Linnaeus, 1758): P. 
lessonae (Camerano, 1882), P. ridibundus (Pallas, 
1771) and P. esculentus (Linnaeus, 1758). They are 
evolutionarily young and ecologically plastic species 
with a number of advantages over other amphibians: 
in a large area, of high density, tolerance, ability to 
inhabit cenoses with a high level of anthropogenic 
load. This allows bio-monitoring in large territories 
to be conducted, using the same features and ob-
taining comparable data (Chubinishvili 1997, 1998, 
Zakharov et al. 2000, Zamaletdinov 2001, Nikashin 
2005, Spirina 2007, 2009, Peskova & Zhukova 2007, 
Lada et al. 2012, Zhelev et al. 2012, 2013).

In recent years in Bulgaria, the first experiments 
have been carried out by using the tailless amphibian 
for bio-indication assessment of the anthropogenic 
impact on many ecosystems in the country (Zhelev & 
Peskova 2010a, 2010b, Zhelev 2011a, 2011b, 2012). 
The marsh frog P. ridibundus is a widespread species 
throughout the country, P. esculentus occurs in the 
north – along the Danube, and P. lessonae, despite its 
assumed presence, has not been reliably documented 
(Biserkov et al. 2007, Stojanov et al. 2011).

The purpose of this work is to assess in eco-
logical aspects one of the most heavily polluted riv-
ers in Southern Bulgaria – the river Sazliyka and 
two of its large left tributaries (the rivers Blatnitsa 
and Sokolitsa), based on the analysis of the data on 
the integral indicator for developmental stability – 
fluctuating asymmetry (FA) in the populations of P. 
ridibundus.

Materials and Methods
The investigations were conducted in the spring 
and summer of the years 2010 and 2011. In 2010, 
7 biotopes were investigated (Fig. 1) located on the 
left bank along the river stream of Sazliyka from 

Fig. 1. Map of the investigated biotopes. Biotopes: 1.1 – Sazliyka River downstream of the village of Rakitnitsa; 
1.2 – Sazliyka River downstream of the town of Stara Zagora (after the confluence with the Bedechka River); 1.3 
– Sazliyka River in Radnevo (downstream of the confluence with the Blatnitsa River) 1.4 – Sazliyka River at the 
village Lyubenovo; 1.6 – Sazliyka River in Galabovo (downstream of the confluence with the Sokolitsa River) 1.7 – 
Sazliyska River to the mouth at the Maritsa River, 2.1 – Blatnitsa River in Lyubenova Mahala; 3.1 – Sokolitsa River 
in Obruchishte; 3.2 – dam “Rozov Kladenets”; 3.3 – Sokolitsa River at the village Iskritsa; 3.4 – Sokolitsa River near 
the village of Orlov Dol



Ecological Status of the River Sazliyka and its Tributaries (Southern Bulgaria) as Indicated...

373

Ta
bl

e 
1.

 R
ec

en
t d

at
a 

on
 th

e 
st

at
us

 o
f b

io
to

pe
s a

t t
he

 ti
m

e 
of

 th
e 

st
ud

y:
 P

hy
si

co
ch

em
ic

al
 a

na
lis

is
 - 

su
rf

ac
e 

w
at

er
 sa

m
pl

e:
 m

ea
n 

an
nu

al
 p

ar
am

et
er

s. 
Th

e 
in

di
ca

to
rs

 th
at

 e
xc

ee
d 

pe
rm

is
si

bl
e 

st
an

da
rd

s i
n 

B
ul

ga
ria

 fr
om

 th
e 

to
ta

l n
um

be
r o

f 2
1 

in
di

ca
to

rs
, m

on
ito

re
d 

in
 e

ac
h 

of
 th

e 
re

se
rv

oi
rs

, a
re

 sh
ow

n

Pa
ra

m
et

er
s

SI

R
eg

. 7
/ 8

.8
.1

98
6

ca
te

go
ry

B
io

to
pe

s -

II
II

I
ye

ar
1.

1
1.

2
1.

3
1.

4
1.

6
1.

7
2.

1
3.

1
3.

2
3.

3
3.

4

In
so

lu
bl

e 
su

bs
ta

nc
es

m
g/

dm
3

50
10

0
20

10
5.

8
16

.8
31

.8
31

.0
64

.0
*

39
.0

56
.7

5*
25

.6
7

81
.0

*
62

.2
1*

3.
6

20
11

6.
0

25
.8

41
.8

56
.5

*
52

.0
*

64
.0

*
50

.7
5*

21
.1

83
.2

8
56

.3
*

3.
3

C
on

du
ct

an
ce

μS
/c

m
13

00
16

00
20

10
75

1.
5

61
2

64
3

92
4

95
5

86
1

12
95

20
82

**
17

06
**

14
37

*
82

0

20
11

89
1

61
2

59
6

91
2

94
5

10
21

12
86

27
40

**
17

31
**

13
72

*
83

4

B
io

lo
gi

c 
co

ns
um

pt
io

n 
of

 
ox

yg
en

  B
C

O
5

m
gO

2/
dm

3
15

25
20

10
3.

2
11

18
.8

*
8.

06
10

.5
12

.0
7.

54
6.

3
6.

9
2.

45
3.

1

20
11

1.
8

9.
7

9.
3

10
.3

5
7.

0
8.

2
4.

69
6.

21
6.

4
2.

34
3.

0

A
m

m
on

iu
m

 n
itr

og
en

N
 –

 N
H

4
m

g/
dm

3
2

5
20

10
0.

07
2.

18
*

2.
2*

1.
04

0.
6

0.
30

1
2.

04
*

1.
84

1.
92

0.
31

8
0.

02

20
11

0.
07

9
1.

76
1.

3
1.

89
0.

34
9

0.
26

4
0.

17
6

1,
28

1.
79

0.
47

0.
02

N
itr

ite
 n

itr
og

en
N

 –
 N

O
2

m
g/

dm
3

0.
04

0.
06

20
10

0.
01

6
0.

16
5*

*
0.

2*
*

0.
17

5*
*

0.
14

8*
*

0.
09

**
0.

23
5*

*
0.

12
7*

*
0.

07
9*

*
0.

05
4*

0.
01

1

20
11

0.
01

2
0.

13
8*

*
0.

14
9*

*
0.

15
8*

*
0.

10
8*

*
0.

08
7*

*
0.

09
**

0.
1*

*
0.

09
2*

*
0.

04
2*

0.
00

9

O
rth

op
ho

sp
ha

te
Р

m
g/

dm
3

1
2

20
10

0.
04

5
0.

48
4

0.
46

0.
35

1
0.

35
8

0.
32

1.
78

*
-

-
1.

09
*

0.
02

5

20
11

0.
31

6
0.

44
9

0.
44

3
0.

71
8

0.
94

0.
44

9
0.

19
4

-
-

0.
79

2
0.

01
9

To
ta

l n
itr

og
en

m
g/

dm
3

5
10

20
10

2.
4

6.
0*

5.
3*

6.
3*

6.
54

*
5.

4*
6.

43
*

-
-

-
-

20
11

1.
8

5.
43

*
5.

2*
6.

3*
-

4.
43

3.
99

-
-

-
-

Su
lp

ha
te

s
m

g/
dm

3
30

0
40

0
20

10
-

-
55

.7
18

1.
0

28
1.

0
17

8.
0

30
6.

0
57

8.
0*

*
56

8.
0*

*
48

4.
0

-

20
11

-
-

57
.8

24
7.

0
46

.3
-

45
0.

0*
*

11
9.

0*
*

57
3.

0*
42

3.
0*

-

N
ot

e*  -
 a

bo
ve

 th
e 

m
ax

im
um

 fo
r c

at
eg

or
y 

II
; **

 - 
ab

ov
e 

th
e 

m
ax

im
um

 fo
r c

at
eg

or
y 

II
I; 

- n
o 

m
ea

su
re

m
en

t w
er

e 
m

ad
e.



374

Zhelev Z, G.. Popgeorgiev, Z. Georgieva

the village of Rakitnitsa up to the mouth of the river 
which is in the south of the town of Simeonovgrad; 
and in 2011 – the biotopes located on the left banks 
of its two large tributaries: the rivers Blatnitsa and 
Sokolitsa (1 and 4 biotopes, respectively).

The Sazliyka River rises from the Sarnena Sredna 
Gora Mountain, north of the village Kazanka, under 
the name “Varbitsa”, and reaches the mineral baths 
of Stara Zagora, where it is known as “Banyanska 
River”. It passes through the village Rakitnitsa (as 
the Syutliyka River) and after the Bedechka River 
runs into it, south from the town of Stara Zagora, 
it flows south into a broad alluvial plain under the 
name Sazliyka. At the town of Radnevo the Blatnitsa 
River (length 54 km) empties into it along with the 
Sokolitsa River (60.5 km) in the south of Galabovo. 
The total length of the river up to its mouth is 145.4 
km, with a catchment area of 3300 km2.

On the basis of the data in the year-book for 
the state of the environment (waters) in the period 
2001-2011 of EEA (http://eea.goverment.bg) and the 
data of the physicochemical analysis of water in the 
Sazliyka River (2009-2010) from the bulletins of the 
Basin Directorate for Water Management the Eastern 
Belomorski Region – Plovdiv (Bulletins about the 
condition of water in Sazliyka River in 2001-2010; 
Ministry of Environment and Water; Basin Directorate 
for Water Management; East Aegean Region, 
Plovdiv), the river is considered one of the most pol-
luted in Bulgaria (Table 1). The main pollutants are 
nitrite nitrogen, phosphates, BOD5 and irresolvable 
solids – by exceeding the permissible standards for 
the country I category and the project II and III cate-
gories under Regulation № 7 of 8.08.1986 about indi-
cators and standards of running waters in the Republic 
of Bulgaria (State Gazette, issue 96 of 12.12.1986). 
Along the river, two “local hotspots” on a national 
scale are marked: the first is downstream of the town 
of Stara Zagora at the confluence with the Bedechka 
River, and the second – downstream of Radnevo at 
the confluence with the Blatnitsa River. The flow of 
the rivers Bedechka and Blatnitsa is formed almost 
entirely from the domestic sewage waste and indus-
trial water of the towns Stara Zagora (12 km very 
severely affected area) and Nova Zagora (the course 
downstream of Nova Zagora) respectively.

The object of examination is P. ridibundus. The 
animals were collected in the evening, in the water and 
on the banks with electric torches. Sections of river-
side strip with a length of 1 km and width of 4 m were 

passed a single time, along the river downstream of 
the respective town (according to Sutherland 2000). 
The biotopes of the Sazliyka River under examination 
are numbered conventionally as follows: biotope 1.1 
– south of the village Rakitnitsa, 1.2 – downstream 
of the town of Stara Zagora and the confluence with 
Bedechka River; 1.3 – downstream of Radnevo and 
the confluence with Blatnitsa River; 1.4 – down-
stream of the village of Lyubenovo; 1.5 – north of 
the town of Galabovo (under the sluices which block 
the river to discharge part of it to “TPP Brikel”) 1.6 
– south of the town of Galabovo downstream of the 
confluence with Sokolitsa River; 1.7 – south of the 
village of Kalugerovo until it runs into Maritsa River. 
At the Blatnitsa River the examined population (2.1) 
occupies the south of the village Lyubenova Mahala, 
and at the Sokolitsa River the examined biotopes are 
located north of the settlements along the stream as 
follows: biotope 3.1 – the dam “Rozov Kladenets”; 
3.2 – Obruchishte village; 3.3 – Iskritsa village; 3.4 
– the village of Orlov Dol. The distance between the 
biotopes is minimum 12-15 km and maximum 40-42 
km in a straight line, so an exchange of animals be-
tween them is most unlikely. 

Analyses were done during their lifetime, af-
ter that the animals were returned to nature. The age 
was determined on the basis of their body size. All 
examined animals were adults (L > 60.0 mm), sexu-
ally mature. As a method for assessing the stability 
of development we used fluctuating asymmetry in 
10 morphological signs by Chubinishvili (1997) and 
Zakharov et al. (2000): 1 – number of stripes on the 
dorsal side of the thigh (femur), 2 – number of spots 
on the dorsal side of the thigh (femur), 3 – number 
of stripes on the dorsal side of the shank (crus), 4 
– number of spots on the dorsal side of the shank 
(crus), 5 – number of stripes on the foot (pes), 6 – 
number of spots on the foot (pes), 7 – number of 
stripes and spots on the back (dorsum), 8 – number 
of white spots on the ventral side of the second 
finger of the hind leg, 9 – number of white spots on 
the ventral side of the third finger of the hind leg, 
10 – number of white spots on the ventral side of the 
fourth finger of the hind leg, as for each individual 
we recognized the number of asymmetrical signs by 
the degree of their expression on the left and right 
side of their body. We defined the fluctuating asym-
metry by the benchmarks FAMI = FAnm (according 
to Leary et al. 1985 and Palmer 1994) – frequency of 
asymmetric manifestation of an individual – the ra-
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tio of the number of individuals exhibiting the asym-
metric sign towards the total number of tested indi-
viduals, and FAMF – frequency of the asymmetric 
manifestation of a feature – the ratio of the number 
of asymmetrical signs towards the total number of 
examined signs, generally for the individuals of both 
sexes (the literature rarely indicates gender differ-
ences in the manifestation of FA). The grade rating 
of the status of the population (respectively at the 
corresponding biotope), obtained on the basis of the 
features of FA, we did with an approved scale for P. 
ridibundus (Zakharov et al. 2000), and also with the 
specified scale for the population in the southern part 
of the habitat (Peskova & Zhukova 2007) – Table 
2. For morphological analyses, 411 individuals of P. 
ridibundus were used.

The digital material was processed with stand-
ard mathematical methods using the software pack-
age “STATISTIKA” for Windows 7.0. (Statistica 
2004). The data about the investigated features are 
evenly distributed Shapiro-Wilk’s-test; p > 0.05 
(Shapiro et al. 1968), and it allows comparing of the 
mean values with a parametric Student’s t – test, at a 
level of significance α = 0.05; [p < 0.05].

Results and Discussion
The results of the indicators for FA in P. ridibundus 
from the examined biotopes, along the Sazliyka River 
and two of its left tributaries (the rivers Blatnitsa and 
Sokolitsa), are presented in Table. 3.

In our study, the values of grade rating of the 
coefficient of asymmetry for all samples of the lake 
frog from the examined biotopes along the streams 
of the rivers Sazliyka, Blatnitsa and Sokolitsa match 
in both scales. In the biotope of the upper stream of 

the Sazliyka River at the village of Rakitnitsa, the 
indicators for FA (FAMI and FAMF) are minimal 
and correspond to grade 1 of violation in the stabil-
ity of development (respectively the level of pollu-
tion of the water basin) by the scale of Zakharov et 
al. (2000), and grade 2 by the scale of Peskova & 
Zhukova (2007) for the southern part of the habitat. 
Regardless of the various assessments, the conclu-
sion that can be made for this part of the popula-
tion of P. ridibundus is that the population is in a 
stable condition i.e. here the anthropogenic pressure 
has not reached the level at which the processes that 
violate the stability of development start. In paral-
lel, grade 1 was obtained for the population from the 
biotope in the upper stream of the Sokolitsa River – 
3.4 (the village of Orlov Dol). The inter-population 
comparisons (Table 4) in the values of FAMI show 
that this is statistically significantly the lowest value 
of this feature, in comparison to all others, and this 
leads to the conclusion that the environmental condi-
tions here are close to optimal and it can be regarded 
as a conventional “control” in our work. In an earlier 
study for South Bulgaria (Zhelev & Peskova 2010a), 
we assessed with a grade 1 the population of P. rid-
ibundus inhabiting a natural lake, and the lake was 
filled by an underground artesian source in the re-
gion of the town of Galabovo (FAMI = 0.26 ± 0.01). 
In literature, values that respond to the conventional 
standard – grade 1 are marked for species popula-
tions inhabiting the water basins located in territo-
ries with a protected mode and those that are remote 
from the major cities in Voronezh region (Hitsova et 
al. 2004) and the West Predkavkazie of the Russian 
Federation (Peskova & Vasyutina 2005). The gen-
eral ascertainment of the authors is that the low val-
ues of asymmetry, identified by them, is due to the 

Table 2. Rating scale for the aberrations in the status of Pelophylax ridibundus from the conventional standard

Grade

The index value for stability of the 
development (FAMF or FAMI)

State of organismNorthern and 
central parts of the 
area (Zakharov et 

al. 2000)

Southern part of 
the area (Peskova 
& Zhukova 2007)

1 < 0.50 < 0.40 Conventional rate (clean water basin)

2 0.50 − 0.54 0.41 − 0.50 Minimal impact onorganisms (slightly polluted water basin)

3 0.55 − 0.59 0.51 − 0.60 Satisfactory condition of organisms (average polluted water basin)

4 0.60 − 0.64 0.61 − 0.70 Unfavourable condition of organisms (heavily polluted water basin)

5 ≥ 0.65 ≥ 0.71 Critical condition of organisms (very heavily polluted water basin)
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remoteness of the examined biotopes from anthropo-
genic sources of pollution.

In the biotope along the Sokolitsa River at the 
village of Iskritsa – 3.3, assessed by the value of FA, 
there is a violation in the stability of development 
corresponding to grade 2 – deviations characterizing 
the population as being in a tense ecological situ-
ation. Sewage from livestock farms influent in the 
river at several places could be a probable cause. 
The populations inhabiting the pond of the Pulp And 
Paper Factory in Stamboliyski (FAMI = 0.51 ± 0.01) 
and that on the left bank of the Chaya River at its 
confluence with the Maritza River (FAMI = 0.57 ± 
0.02) were assessed with grade 2 in Bulgaria (Zhelev 
& Peskova 2010a), but it appears that in both cases 
the grades are higher than those reported for the bi-
otope 3.3 (FAMI = 0.49 ± 0.01). In the literature, 
similar violations in the stability of development 
were noted for P. ridibundus inhabiting the right 
bank of the Oka River (Ustyuzhanina & Strelytsov 
2001), the recreational areas of the city of Nizhny 
Novgorod (Loginov & Gelashvili 2001, 2005) and 
also the West Predkavkazie in ponds with pesticide 
contamination (Peskova & Zhukova 2007).

Downstream of the Sokolitsa River in two bi-
otopes (3.1 – the river at the village of Obruchishte 
and 3.2 – the dam “Rozov Kladenets”) the violations 
in the stability of development are even more ex-
pressed, (grade 3), as evidence of their more intensive 
pollution. Analogous grade rating, earlier in Bulgaria 
(Zhelev & Peskova 2010a), was given for the popu-
lation of P. ridibundus inhabiting the area around the 
waste manifolds of the chemical plant near the town 
of Dimitrovgrad (FAMI = 0.54 ± 0.02). In the litera-
ture, violations similar to those found by us in the 
stability of development in P. ridibundus (FAMI = 
0.56-60.0) were recorded for the populations inhabit-
ing the left bank of the Oka River, which the authors 
associated with pesticide contamination in the area 
(Ustyuzhanina & Streltsov 2001), the region of the 
outgoing-cleaning facilities of TPP-1 and TPP-2 of 
the Voronezh reservoir (Hitsova et al. 2004) and the 
Sorokin lake in the Western Predkavkazie surround-
ed by a pasture for cattle (Peskova 2007).

Two biotopes, located downstream of the 
Sazliyka River – 1.5 (over the barrier sluices that 
throw away water to cool the turbines of thermal 
power plants “Brikel”) and 1.7 (the region of the riv-
er south of the village Kalugerovo to its influx into 
the Maritsa River), were assessed with a grade 4, Ta
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testifying to the deteriorated condition of the popu-
lation and the strong water pollution. A value close 
to ours obtained for the indicators of stability of de-
velopment (FAMI = 0.61 ± 0.04) was found in the 
West Predkavkazie (Severskiy region) for a water 
basin polluted with sewage waters from a pig farm 
(Peskova & Zhukova 2007).

Maximum values of the parameters for FA were 
recorded along the Sazliyka River in the biotopes 
1.2; 1.3; 1.4; 1.6 and 2.1 at the Blatnitsa River. The 
violations in the stability of development of P. rid-
ibundus were assessed with grade 5: populations 
are in critical condition. From the data presented 
in Table 4 it is noteworthy that among the biotopes 
receiving a grade 5 for the parameters of FA, first, 
there are no statistically significant differences be-
tween the biotopes 1.2, 1.3 and 2.1, and second, each 
of them is reliably distinguished from biotopes 1.4 
and 1.6, but despite the differences in values of the 
integral indicator of the stability of development, 
the effect of anthropogenic stressors on populations 
inhabiting them are comparable. The population of 
P. ridibundus inhabiting the pond-settler of the TPP 

“Brickel” was assessed with a grade 5 (FAMI = 0.67 
± 0.01), where in isolation in the habitat of a highly 
polluted environment, not only were there serious 
violations in the stability of development, but also in 
the course of micro-evolutionary processes (Zhelev 
& Peskova 2010a). According to the literature data 
that are close to the reported by us features of the FA 
(FAMF = 0.65 – 0.87), respectively a grade 5 was 
obtained for the populations of P. ridibundus inhab-
iting the right bank of the Volga River in the south of 
the city of Astrakhan (Erdeneev & Zvolinski 2002); 
Sviyaga River in Ulyanovskiy region (Spirina 2007), 
Voronezh River near the Novolipetsk Metallurgical 
Plant (Nikashin 2007) and Hadazhka River in the 
Western Predkavkazie (Peskova 2007).

Conclusions
Basing on these results, we can draw the following 
conclusions:

1) Sazliyka River in its upper stream (near the 
town of Stara Zagora) is in a good ecological condi-
tion. This level of anthropogenic impact is not strong 

Table 4. Comparisons of mean FMFI values in populations of Pelophylax ridibundus from the investigated biotopes

Sazliyka River (1) Biotopes 1.1; 1.2; 1.3; 1.4; 1.5; 1.6; 1.7

Comparisons t Comparisons t Comparisons t Comparisons t Comparisons t

1.1/1.2 17.5*** 1.1/1.6 12.5*** 1.2/1.5 6.0*** 1.3/1.5 5.33*** 1.4/1.6 ns

1.1/1.3 16.5*** 1.1/1.7 8.0*** 1.2/1.6 3.33** 1.3/1.6 2.67** 1.4/1.7 2.25*

1.1/1.4 8.33*** 1.2/1.3 0.67 ns 1.2/1.7 6.33*** 1.3/1.7 5.67*** 1.5/1.6 2.67**

1.1/1.5 8.5*** 1.2/1.4 2.5** 1.3/1.4 2.0* 1.4/1.5 2.0*
1.5/1.7 0.33 ns
1.6/1.7 3.0**

Blatnitsa River (2) Biotopes 2.1

2.1/1.1 19.0*** 2.1/1.3 1.67 ns 2.1/1.5 7.0*** 2.1/1.7 7.33***

-
2.1/1.2 1.0 ns 2.1/1.4 3.25** 2.1/1.6 4.33*** -

Sokolitsa River (3) Biotopes 3.1; 3.2; 3.3; 3.4

3.1/1.1 8.0*** 3.2/1.1 5.0*** 3.2/3.1 1.0 ns 3.3/2.1 18.0*** 3.4/1.6 19.5***

3.1/1.2 13.5*** 3.2/1.2 8.33*** 3.3/1.1 2.0* 3.3/3.1 6.0*** 3.4/1.7 15.0***

3.1/1.3 12.5*** 3.2/1.3 7.67*** 3.3/1.2 16.5*** 3.3/3.2 4.0*** 3.4/2.1 26.0***

3.1/1.4 5.66*** 3.2/1.4 3.75*** 3.3/1.3 15.5*** 3.4/1.1 14.0*** 3.4/3.1 22.0***

3.1/1.5 4.5*** 3.2/1.5 2.33* 3.3/1.4 7.67*** 3.4/1.2 24.5*** 3.4/3.2 12.0***

3.1/1.6 8.5*** 3.2/1.6 5.0*** 3.3/1.5 7.5*** 3.4/1.3 23.5*** 3.4/3.3 16.0***

3.1/1.7 4.0*** 3.2/1.7 2.0* 3.3/1.6 11.5*** 3.4/1.4 13.0***

-
3.1/2.1 15.0*** 3.2/2.1 9.33*** 3.3/1.7 7.0*** 3.4/1.5 15.5***

Note: * - p < 0.05; ** - p < 0.01; *** - p < 0.001; ns - p > 0.05.
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enough to cause deviations in the stability of the de-
velopment of P. ridibundus. The good condition of 
the living environment supports healthy populations 
of the species without any serious phenotypic mani-
festations of asymmetry among the individuals. After 
the confluence of Bedechka River a sharp change oc-
curs in the condition of the water-basin as a result of 
the strong anthropogenic pollution. An expression of 
the aggravated living conditions is the profound dis-
ruption in the stability of development of P. ridibun-
dus, with very high values of the integral indicator 
of FA. The condition of the river is not getting better 
and it is overloaded with new doses of toxicant along 
40 km downstream with the inclusion of highly con-
taminated waters of the Blatnitsa River at the town 
of Radnevo, and it continues to be critical along 12-
15 km in the south (at the village Lyubenovo, de-
spite the reduction in the values of parameters for 
FA – 0.72 ± 0.03, the grade rate remains maximum 
– 5). In the lower river, in the area of sluices of TPP 
“Brickel”, due to the unnatural water level rising 
and sedimentation processes, there are acts of self-
purification, an expression of which are the reduced 
values of the integral indicator for developmental 
stability: 0.64 ± 0.03 and respectively a grade 4. The 
next stretch of the river, 10-12 km in the south, in-
cluding the exhaust domestic sewage of Galabovo, 
again show living conditions that get much worse, 
resulting in increased FA indicators corresponding 
to the grade 5. In the section after Kalugerovo vil-
lage, to the mouth of the river at the Maritsa River, 

in the south of the town Simeonovgrad, processes 
of self-purification are undergoing again, leading to 
an improved living environment, but nevertheless, 
there the population of P. ridibundus is in a condi-
tion of high anthropopression and serious violations 
of stability in development. The data presented in 
Table 1 from the physicochemical analysis of the 
surface water samples, from the various points along 
the river, correlate with the disorders in the stabil-
ity of development in populations of P. ridibundus 
found by us, which objectively confirms the good 
information and evaluation reliability for the qual-
ity of environment of the bio-indication method for 
fluctuating asymmetry.

2) Blatnitsa River is highly polluted and it is 
in an extremely severe environmental situation (the 
population at the village of Lyubenova Mahala has 
the highest values of the indicators of stability in de-
velopment of all examined – 0.85 ± 0.02).

3) Sokolitsa River and the dam “Rozov 
Kladenets” on it are in a relatively good condition, 
but the living conditions in its lower stream and in 
the artificial closed water-basin itself get worse, 
compared with the middle and upper stream, where 
the living conditions are close to the optimal ones. 

4) Parameters of FA in the adult, sexually ma-
ture representatives of the marsh frog are a very 
good bio-indication method, which add to the data of 
physicochemical analysis, and simultaneously, give 
an independent, parallel assessment of the state of 
the environment.
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