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Abstract: In this paper, we assess the environmental impact of urbanization in three freshwater
biotopes, using the levels of fluctuating asymmetry (FA) in 10 meristic morphological traits in the
Marsh Frog (Pelophylax ridibundus (Pallas, 1771)). Two of the studied biotopes are located in the
boundaries of the city of Plovdiv (one in the central part, the other in a suburban residential area),
and the third is located in the vicinity of the village of Orizare. Our working hypothesis is based
on the assumption that urban and suburban sites are more severely affected by human activities
than rural sites. However, according to our results, the population of P. ridibundus inhabiting Maritsa
River in the central part of Plovdiv City, and that in the suburban zone, have found relatively good
living conditions. Contrary to our expectations, the worst environmental conditions were observed
in the rural zone, where anthropogenic stress related to intensive pastoral animal husbandry and
crop farming was present. The absence of adult individuals in the rural site is also an indicator of
unfavorable living conditions.

Keywords: fluctuating asymmetry; developmental instability; urbanization; marsh frog; environ-
mental health; biomonitoring

1. Introduction

Currently, the role of the anthropogenic factor is crucial for the changes in the geologi-
cal and climate processes on planet Earth and it affects the functioning of all ecosystems [1].
One of the negative effects of anthropization in the 21st century is related to the loss of
natural habitats at the expense of increasing agricultural land [2] and urbanized territo-
ries [3], which results in a drastic loss of biodiversity on a planetary scale [4]. In the context
of increasing anthropization, the pollution of continental freshwater ecosystems is a serious
public problem, because they are not only a habitat for many organisms, but freshwater
is also used for human farming activities, e.g., irrigation, fish farming and tourism. This
requires not only the knowledge of the functioning mechanisms of these sensitive ecosys-
tems, but also the development of efficient measures for their protection, restoration and
effective management [5].

Aquatic frogs (Anura) are an important component of the biota of freshwater ecosys-
tems and also a key factor for their normal functioning [6]. Because of the biphasic life cycle
and semi-permeable skin, aquatic frogs may be in direct contact with different toxicants [7].
The permeability facilitates the penetration and uptake of xenobiotics [8,9]. The specifics
of the feeding during the different life stages of aquatic frogs (detritophages or active
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predators), the continuous processing of water through the gills (during the larval stages),
the heterothermal metabolism and their increased sensitivity to chemicals make them good
bioindicators for assessing the state of the environment [10,11].

Despite the reservations of some authors [12,13], fluctuating asymmetry (FA) [14] has
become a well-established method for the evaluation of the developmental stability of
individuals from wild populations in different animal species [15–18]. Fluctuating asym-
metry is manifested as slight deviations from symmetry usually described by frequency
distributions of phenotypic characters on the right and left side of the body [19,20]. Fluc-
tuating asymmetry appears to be a non-specific indicator of stress caused by genetic or
environmental factors associated with a change in the state of the biological system [21].
First of all, a change in FA levels is observed in the case of a deviation from the optimal con-
ditions of development. As a result, it becomes possible to characterize and measure stress
in natural populations of animal organisms (including anurans) living in the conditions
of increased anthropogenic pressure [22–26] and to use this as the basis for developing a
concept and methodology of the assessment of environmental health [21]. One of these
methodological approaches based on the measurement of FA levels in a complex of meristic
traits on the dorsal side of the body and extremities in anuran amphibians was proposed
by Zakharov et al. [27,28] and was broadly applied for the assessing the ecological quality
of their habitats [29–39]. The majority of these studies have been carried out in various
anthropogenically polluted areas and they usually measure FA levels in populations sub-
jected directly to anthropogenic stress caused by toxicants of different natures and compare
them with FA levels in reference populations.

There are few works attempting to trace changes in FA levels in populations of anuran
amphibians living in habitats with different degrees of urbanization [40,41]. In this context,
a certain gap in the scientific literature exists, which has motivated this study.

In this work, we present the results from FA level measurement in 10 meristic morpho-
logical traits in the Marsh Frog Pelophylax ridibundus (Pallas, 1771) from three populations
inhabiting sites with different degrees of urbanization, located in the city of Plovdiv (South
Bulgaria), in order to assess the impact of urbanization. For the purpose of a more objective
assessment of the ecological quality of the sites, FA values in P. ridibundus meristic traits are
considered in the context of the data from the physicochemical monitoring of the water in
each site. Our working hypothesis is based on the assumption that urban and suburban
sites are more severely affected by human activities than rural sites.

2. Materials and Methods
2.1. Sampling Area and Data Collection

This study was conducted in April 2020 in three sites located on the right bank of
Maritsa River in South Bulgaria (Figure 1): urban site—Maritsa River in the central part of
Plovdiv City (24◦44′51.64′ ′ E, 42◦9′14.05′ ′ N), suburban site—Maritsa River to the west of
the “Zaharna Fabrika” residential area and to the south of the “Smirnenski” residential area
in Plovdiv City (24◦43′17.94′ ′ E, 42◦9′13.753′ ′ N) and rural site—Maritsa River to the west
of Plovdiv City in the lands of Orizare Village (24◦40′39.737′ ′ E, 42◦9′4.708′ ′ N). The urban
site is in the central part of the second largest city in Bulgaria (367,214 citizens to June 2022).
Here, the two banks of Maritsa River are built up with high residential and administrative
buildings. The suburban site is located in the western suburbs of Plovdiv City. On the
riverbanks here, there are mainly residential buildings (low-rise), single-family houses
and industrial buildings. Table 1 presents data from the physicochemical monitoring of
the water at each site, carried out by the Basin Directorate of Water Management-East
Aegean Sea, Region-Plovdiv (https://earbd.bg (accessed on 29 November 2022)) for the
2017–2019 period and at the time of the research. These analyses were performed in
accordance with the water framework directive WED 2000/60/EC [42] and Ordinances No
H-4/14.09.2012 [43] and No 256/1.11.2010 [44] on the characterization of surface waters in
Bulgaria (Table 1).

https://earbd.bg
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Figure 1. An indicative map of the sites in Plovdiv City, where P. ridibundus individuals were captured
in 2020. Legend: 1: urban site; 2: suburban site; 3: rural site.

Table 1. Physicochemical properties of the waters of Maritsa River in the three studied sites, for the pe-
riod 2017–2019, according to the data of the newsletters of the Basin Directorate of Water Management
in the East Aegean Sea—Plovdiv, Ministry of the Environment and Waters (http://www.bg-ibr.org
(accessed on 12 January 2023)). Physicochemical data are presented with average annual values and
the lowest and highest measured values for each year.

Parameters and Standards for High
Water Quality *

Urban Site Suburban Site Rural Site
2017–2019

Moderate **
2017–2019
Moderate

2017–2019
Moderate

Temp ◦C - (5.0–28.0) (5.0–22.0) (6.0–22.0)
pH units - 7.93 (7.5–8.5) 7.89 (7.6–8.2) 7.73 (7.1–8.3)

EC µS/cm 700.0 340.83
(212.0–448.0)

393.97
(296.0–515.0)

556.3
(248.0–1096.0)

DO mgO2/dm3 9.0–7.0 9.13
(7.2–11.4)

8.9
(7.5–11.2)

9.43
(6.7–12.5)

BOD5 mgO2/dm3 <2.0 1.22
(0.5–2.1)

1.65
(0.5–2.8)

1.73
(0.5–3.3)

COD mgO2/dm3 25.0 9.67
(6.0–16.0)

8.4
(6.0–22.0)

13.8
(6.0–30.0)

Ox% 100–105 94.43
(77.0–115.0)

89
(73.0–100.0)

90.63
(68.0–114.0)

CCH mg CaCO3/dm3 <40.0 135.86
(80.0–210.0)

158.7
(103.0–275.0)

197.93
(105.0–375.0)

NH+
4-N mg/dm3 <0.10 0.18

(0.11–1.01)
0.21

(0.11–0.29)
0.26

(0.12–0.56)

NO−2-N mg/L <0.03 0.02
(0.02–0.06)

0.04
(0.01–0.07)

0.04
(0.02–0.07)

NO−3-N mg/L <0.7 0.51
(0.26–0.72)

1.65
(0.82–2.2)

1.96
(0.47–4.1)

http://www.bg-ibr.org
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Table 1. Cont.

Parameters and Standards for High
Water Quality *

Urban Site Suburban Site Rural Site
2017–2019

Moderate **
2017–2019
Moderate

2017–2019
Moderate

TN mg/L <0.7 <0.1 1.55
(1.3–2.2)

2.62
(1.3–4.0)

PO3−
4 mg/L <0.07 0.02

(0.01–0.03)
0.23

(0.08–0.31)
0.05

(0.02–0.12)

TP mg/L <0.15 0.03
(0.02–0.07)

0.18
(0.02–0.46)

0.1
(0.05–0.21)

Legend: Parameters, abbrLegLegend: Parameters, abbreviations: Temperature (Temp), electrical-conductivity
(EC), dissolved oxygen (DO), oxygenation (Ox), biological oxygen demand five days (BOD5), chemical oxygen
demand (COD), calcium carbonate hardness (CCH), ammonium nitrogen (NH+

4-N), nitrite nitrogen (NO−2-N),
nitrate nitrogen (NO-3-N), total nitrogen (TN), orthophosphates (PO3

−4), total phosphorus, as P (TP). (*) Standards
for high water quality of inland surface water—flat-type rivers and (**) surface water status (according to Annex
V of EU water framework directive 2000/60/EC (EC, 2000) and Ordinance No H-4 of 14.09.2012 (State Gazette,
No. 22. 5.03.2013) on the characterization of surface waters in Bulgaria.

The Marsh Frog P. ridibundus individuals were caught at night under the light of an
electric lantern. The frogs were caught at random in sections about 1–2 km long and 4 m
wide, upstream along the riverbank, according to Sutherland’s [45] methodology. The
distance from the sampling points between individual sites was not less than 5–7 km. In
the urban and suburban sites, only adult individuals (SVL > 60.0 mm) were caught, and in
the rural site, only sub-adult individuals (SVL > 40.0 mm) were caught, according to the
methodology of Bannikov et al. [46]. After the analyses, all the frogs were returned to their
natural habitats.

2.2. Identification of FA

A total of 90 individuals of P. ridibundus (30 individuals per site) were used for the
analysis of fluctuating asymmetry. We measured the FA levels in ten morphological meristic
traits on the dorsal side of the body and the limbs of P. ridibundus (Figure 2). This technique
was proposed by Zakharov et al. [27,28] and was successfully applied in our previous
studies with this species on the territory of Bulgaria [35–37,39].

The main advantage of the methodology is that it allows for working with living
animals, which makes it applicable for protected species of anurans. The data obtained on
FA levels for each individual were used for the calculation of the index frequency of the
asymmetric manifestation of an individual (FAMI).

The average FAMI was calculated using the formula proposed by Zakharov et al. [47],
namely, FAMI = (ΣXi)/n, where Xi is the frequency of FA observed in each individ-
ual and n is the number of individuals in the sample. After calculating the average
FAMI for each site, we used the scale proposed by Zakharov et al. [28] to evaluate
the habitat quality. The scale classifies the habitat quality according to the average
FAMI values as follows: 1: FAMI < 0.4 (grade 1: conventional rate (clean water basin));
0.41 ≤ FAMI ≤ 0.5 (grade 2: minimal impact on organisms (slightly polluted water basin));
0.51 ≤ FAMI ≤ 0.6 (grade 3: a satisfactory condition of organisms (moderately polluted
water basin)); 0.61 ≤ FAMI ≤ 0.7 (grade 4: an unfavorable condition of organisms (heavily
polluted water basin)); FAMI ≥ 0.71 (grade 5: a critical condition of organisms (very heavily
polluted water basin)).
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Figure 2. Adult P. ridibundus individual with low levels of asymmetry (a), adult P. ridibundus
individual with high levels of asymmetry (b), subadult P. ridibundus individual with high levels of
asymmetry (c), asymmetric morphological traits (d–f): trait 1—number of stripes on the dorsal side
of the thigh (femur); trait 2—number of spots on the dorsal side of the thigh; trait 3—number of
stripes on the dorsal side of the shank (crus); trait 4—number of spots on the dorsal side of the shank;
trait 5—number of stripes on the foot (pes); trait 6—number of spots on the foot; trait 7—number
of stripes and spots on the back (dorsum); trait 8—number of white spots on the ventral side of the
second finger of the hind leg; trait 9—number of white spots on the ventral side of the third finger of
the hind leg; trait 10—number of white spots on the ventral side of the fourth finger of the hind leg.

2.3. Statistical Analyses

A general linear model with a logit link function was used to evaluate the difference
in the odds for observing asymmetries between the three groups [48]. We used a PCA to
analyze the similarities between the living conditions in the studied biotopes according to
the physicochemical data. The statistical analysis was performed in R, version 4.2.2 [49]. The
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regression analysis was performed using the glm function in the stats package. The prcomp
function was used for the PCA, and the biplot was constructed using the factoextra package.

3. Results
3.1. Ecological Status of The Water at the Studied Sites According to the Data of
Physicochemical Analysis

To analyze how the data about physicochemical properties of the water in the three
sites discriminate between the sites, we used the monthly data in a biplot analysis. The
first two principal components of the PCA explained 38.9% of the variance (Figure 3).
Three of the studied parameters had the highest contribution to the formation of the first
composite axis—Ox, CCH and BOD5. The former two were negatively correlated with the
third one. BOD5 was positively correlated with nitrates and total nitrogen, which were the
parameters contributing most to the second axis. It also correlated positively with other
nitrogen forms, nitrites and ammonium, but their contributions to the first two axes were
insignificant. According to the biplot analysis, the rural site was separated from the other
two sites along the PC1, and the measurements for this site were scattered in quadrants
one and four, showing higher values for BOD5 and lower ones for Ox and CCH. The
measurements for the suburban and urban sites were clustered in quadrants two and three,
respectively. These results show that the quality of water in the urban and suburban sites
differed predominantly in the content of nitrates and total nitrogen. Interestingly, some
of the measurements in the rural site also differed in that respect, as they were separated
along the second composite axis.
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determining the ecological status on the three sites of Maritsa River for the period 2017–2019.

3.2. Fluctuating Asymmetry in P. ridibundus Meristic Traits and Ecological Assessment of
Their Habitats

Fewer asymmetric traits were observed in the frogs inhabiting the suburban site.
Fifty-three percent of the frogs in this site showed asymmetry in five traits, 30% were asym-
metrical in six traits and in 17% of the sampled frogs had four asymmetric traits (Figure 4).
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In the urban and in the rural sites, the majority of the animals had asymmetries in six of
the studied traits (64% and 67%, respectively), and the percentage of the individuals with
seven asymmetrical traits were 27% and 23%, for the rural and the urban site, respectively.
In the three tested sites, the individuals of P. ridibundus showing asymmetry by ten meristic
traits had a relatively even qualitative distribution (Table 2). It is striking that in the three
sites, there was the highest share of individuals asymmetric by trait 1 and trait 7, which is
probably a sign of directional asymmetry in these traits.
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Table 2. The FAMI values (means ± standard deviation) of asymmetric individuals and the number
of individuals asymmetric on any trait (%) in Pelophylax ridibundus populations, inhabiting the sites
on the Maritsa River in southern Bulgaria, and results from analyses of the effect of the habitat (site)
on the rate of observed asymmetries in the studied individuals Pelophylax ridibundus—April 2019;
results of the GLM model.

Sites
Meristic Morphological Traits

Trait 1 Trait 2 Trait 3 Trait 4 Trait 5 Trait 6 Trait 7 Trait 8 Trait 9 Trait 10

Urban
n = 30

n = 22
(73%)

n = 12
(40%)

n = 17
(57%)

n = 17
(57%)

n = 17
(57%)

n = 16
(53%)

n = 26
(87%)

n = 18
(60%)

n = 17
(57%)

n = 16
(53%)

FAMI (0.59 ± 0.06); Grade scale (3)

Suburban
n = 30

n = 19
(63%)

n = 11
(37%)

n = 15
(50%)

n = 14
(47%)

n = 17
(57%)

n = 18
(60%)

n = 23
(77%)

n = 13
(43%)

n = 10
(33%)

n = 13
(43%)

FAMI (0.51 ± 0.07); Grade scale (3)

Rural
n = 30

n = 24
(80%)

n = 16
(53%)

n = 19
(63%)

n = 19
(63%)

n = 24
(80%)

n = 14
(47%)

n = 25
(83%)

n = 20
(67%)

n = 11
(37%)

n = 14
(47%)

FAMI (0.62 ± 0.06); Grade scale (4)

GLM model Estimate Std. Error Z value Pr (>|z|) Odds
(Intercept) 0.379 0.132 2.862 0.004 1.461

Site_Suburban −0.316 0.166 −1.902 0.057 0.728
Site_Rural 0.127 0.167 0.764 0.444 1.136

Sex_Female −0.035 0.141 −0.249 0.802 0.965

Legend: n—number of individuals; trait 1—number of stripes on the dorsal side of the thigh (femur); trait
2—number of spots on the dorsal side of the thigh; trait 3—number of stripes on the dorsal side of the shank
(crus); trait 4—number of spots on the dorsal side of the shank; trait 5—number of stripes on the foot (pes); trait
6—number of spots on the foot; trait 7—number of stripes and spots on the back (dorsum); trait 8—number of
white spots on the ventral side of the second finger of the hind leg; trait 9—number of white spots on the ventral
side of the third finger of the hind leg; trait 10—number of white spots on the ventral side of the fourth finger of
the hind leg.

According to the results from the GLM model (Table 2), the effect of the sex of the
animals is not important for the manifestation of FA (odds = 0.965, p = 0.802). As is shown
in the table, there were no significant differences in the odds for observing asymmetries
in the animals from suburban and rural sites compared to the ones from the urban site.
However, the post hoc test showed that there was a 56% higher chance for observing
asymmetries in the frogs from the rural site compared to the ones from the suburban site
(odds = 1.559, p = 0.023, not shown).

The mean FAMI index for P. ridibundus individuals from the urban site was 0.59 ± 0.06,
for these from the suburban site it was 0.51 ± 0.07 and for the rural site it was 0.62 ± 0.06,
respectively. In the scale of Zakharov et al. [28], the urban and suburban sites are classified
as moderately polluted water basin (grade 3), and the rural site is classified as heavily
polluted water basin (grade 4).

4. Discussion

The analysis of the changes in FA levels in P. ridibundus for evaluating the ecological
quality of their habitat is a relatively new method, which has been used mostly in the
eastern and southern areas of the species range in the Russian Federation, Ukraine, Belarus,
Georgia, Uzbekistan and Turkey [27–32,34,50].

What these studies have in common is the fact that high levels of FA were ob-
served in populations living under conditions of elevated stress resulting from anthro-
pogenic activity. By contrast, low levels of FA were found in populations inhabiting
relatively unpolluted habitats, such as protected areas or ones located away from sources
of anthropogenic pollution.

Our field studies of P. ridibundus populations inhabiting polluted biotopes on the
territory of Bulgaria confirmed FA applicability in field biomonitoring as an alternative
to the routine physicochemical analyses [35–37,39]. It is particularly appropriate when
evaluating the long-term negative effects of various xenobiotics on the biota of freshwater
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ecosystems, as the physicochemical monitoring assesses the state of the water body only at
the time of sampling.

The statistical analysis showed that there were no significant differences in the odds of
observing asymmetries in the individuals from the urban site compared to the ones from the
other two habitats. The only statistically significant difference was observed between the
rural and the suburban site. The animals inhabiting the former had a significantly higher
rate of asymmetries. The FAMI index values estimated for the urban site (0.59) and the rural
site (0.62) fell on both sites of the boundary value (0.6) dividing the grade 3 and 4 quality
habitats in Zakharov’s scale, which, together with the lack of a statistically significant
difference between the two, makes it difficult to classify them according to the scale.
However, based on the results from the biplot analysis of the data from a physicochemical
analysis of water samples from the habitats, showing a greater similarity between the
urban and the suburban sites, we classified the latter two as a grade 3 and the rural site
as a grade 4 quality habitat. According to the interpretations of Zakharov et al. [27,28],
these two populations are in a relatively good condition and are developing at a relatively
low ecological risk. Apparently, the levels of anthropogenic stress in the populations of
marsh frogs from these two sites are not high enough to cause serious disturbances in
the morpho-physiological homeostasis of frogs. The analysis of the ecological status of
Maritsa River obtained on the basis of the FAMI index shows a good agreement with the
data from the physicochemical water monitoring (see Table 1). A possible explanation for
the relatively good condition of the populations of P. ridibundus inhabiting the urban and
suburban sites could be sought in the absence of large emitters of domestic and industrial
wastewater in this part of Maritsa River. The section of the river passing through the
city of Plovdiv is about 13 km, and the wastewater from the industrial enterprises and
domestic sewage discharges into the Chaya River after purification in a sewage treatment
plant, situated east of the city. In a previous study of ours [39], we found very high
levels of asymmetry in the populations of P. ridibundus (FAMI = 0.87 ± 0.01), inhabiting
the zone of the river, after passing through the city. The highest levels of asymmetry
(0.62 ± 0.01 in the current study were observed in the population inhabiting the rural
site. According to Zakharov et al. [27,28], this population is in a critical condition and
inhabits a highly polluted water body. The results of the PCA analysis performed with
the data from the physicochemical monitoring clearly separated the rural site from the
other two sites along the first composite axis (see Figure 3): the quality of the water at
this site differs from the other two mainly by the content of NO2-N, TN, BOD5 and COD.
The high values of BOD5 and COD in the rural site could be explained by the presence of
several smaller industrial sites located in this area and the discharge of domestic wastewater
into Maritsa River. The high TN values in the rural site are interesting, because of the
possible negative effects on anurans. Nitrogen cycles through the air, water and soils,
with many transformations mediated by the actions of specialized bacteria. Some of these
transformations require aerobic conditions (nitrification), while others occur only under
anaerobic conditions (denitrification). Total nitrogen (TN) includes two components: the
inorganic N (NH4

+, NH3, NO3
−, NO2

−) and soluble organic nitrogen (SON). In the surface
layer of most soils, the organic N can be divided into two categories: N from organic
residues and N from soil organic matter or humus [51,52]. It is known that reactive water-
soluble forms of nitrogen (ammonium nitrogen NH+

4-N; nitrate nitrogen NO−3-N and
nitrite nitrogen NO-

2-N) can enter waterbodies through manure from agricultural fields,
cattle farms and atmospheric deposition [53]. All three forms of reactive nitrogen are
toxic to aquatic frogs and their lethal concentrations are known [54], but the effects of sub
lethal concentrations are very poorly studied. How these nitrogen fractions act in water
bodies (pulse or static levels) and at what stage of development of the water frogs (after
hatching or at different stages of metamorphosis) are both important [55,56]. Static levels of
reactive forms of nitrogen begin to accumulate gradually and manifest over long periods of
time, while impulses are relatively sudden and short-lived [57]. The stress from impulses
is more dynamic and its effects are more difficult to predict [58]. This is particularly
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important for the correct interpretation of disturbances in the developmental stability of
aquatic frogs. Fluctuating asymmetry occurs early in frog development (larval period) and
persists in adults [47]. When a population lives for a long time under conditions of static
environmental stress, levels of asymmetry may increase and even some morphological
traits may shift to directional asymmetry [56]. Conversely, as environmental stress levels
decrease, FA values in marsh frog populations may decrease [47]. As noted above, we
found the highest FAMI index values in the population of P. ridibundus inhabiting the
rural site. This area is remote from the urbanized area of the city, and is dominated by
agricultural lands with intensive agriculture (cereals and fruit crops) and pastoralism (large
cattle farm). Both the agricultural land and the livestock farm are sources of reactive forms
of nitrogen, which can enter the Maritsa River through the flowing groundwater (static
levels) or pulses after heavy rains and storms. On the other hand, the high TN levels
in the rural site also indicate the presence of high levels of organic nitrogen in the soils
of the rural site, but its values are not measured in the routine tests conducted by the
state agency (Basin Directorate of Water Management, East Aegean Sea, Plovdiv). It is
obvious that high doses of nitrogen, regardless of its origin, create problems for the biota
in the rural site. However, it is unlikely that only the high levels of nutrients in the rural
site could unequivocally explain the absence of adult P. ridibundus individuals in this site.
It is very possible that the accumulation of a series of negative effects, associated with
intensive livestock and agriculture at this site, caused the migration of adult frogs to less
disturbed habitats. The reasons could be found in the grazing of grassy vegetation by cattle
around the river, which inevitably leads to the deterioration of the food base in the area, as
well as to the reduction in natural shelters. The use of chemical protection preparations
and primarily pesticides and insecticides in areas with agricultural crops should not be
excluded; their presence is also not tested during the routine physicochemical monitoring
of water. Regardless of the specific reason for the lack of adult P. ridibundus in the rural site,
this fact is not only puzzling, but disturbing. Adult individuals are the ones that participate
most actively in reproduction (the study was conducted in April) and maintain the gene
pool of the population, and thus its spatial structure. Their absence in the rural site could
at least mean that there are sources of stress there (in our opinion of anthropogenic origin)
which probably caused their migration to neighboring areas. In order to support or reject
this thesis, it is necessary to conduct future in situ analyzes related to the assessment of life
history populations parameters, food ecology, etc. The main result from this study shows
that high levels of urbanization in cities should not always be associated with bad living
conditions for the native biota. Moreover, on the other hand, areas with a smaller degree of
urbanization but with high anthropogenic pressure caused by agricultural activities can be
much more inhospitable to the biota inhabiting them.

5. Conclusions

The present study found that the population of P. ridibundus inhabiting Maritsa River
in the central part of the city of Plovdiv has good living conditions in the most intensively
built-up and most densely populated part of the city. In the suburban zone, the living
conditions are also good and the population of P. ridibundus there is also in a relatively
good condition. The worst living conditions are in the rural zone, where the anthropogenic
stress caused by intensive pastoral animal husbandry and crop farming have negatively
affected the biotope.

The results from this study are further evidence to support the thesis that FA levels
in meristic traits on the dorsal side and limbs of P. ridibundus adults have their place in
field bioindicator assays. They cannot completely replace the routine physicochemical
tests of water, but they can provide a sufficiently reliable method that complements and
even precedes physicochemical tests, especially when looking for the long-term effects
of the action of anthropogenic stress on the test objects. An additional advantage is the
non-invasiveness of the method, its relatively easy implementation in field conditions and
the absence of the need for expensive laboratory equipment and consumables.
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