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abstract

Zhelev, Zh. M., G. S. PoPGeorGiev and N. h. Mehterov, 2014. Changes in the basic morphophysiological 
parameters in the populations of Pelophylax ridibundus (Amphibia: ranidae) from anthropogenically polluted 
biotopes in southern Bulgaria. Part 1. Bulg. J. Agric. Sci., 20: 1202-1210

this study was conducted with the purpose to assess the condition of some vital organs (heart, spleen, kidney and gonads) 
of Pelophylax ridibundus populations that live in conditions of anthropogenic pollution in biotopes in southern Bulgaria, 
through analysing their relative weights: cardiosomatic index (CSi), spleenosomatic index (SSi), renosomatic index (rSi) and 
gonadоsomatic index (GSI). Populations from three biotopes were investigated: a relatively clean biotope (the control) and two 
polluted biotopes (with domestic sewage pollution and heavy metal pollution). We found that in both sexes, in conditions of 
pollution, the relative weight of the heart, spleen and kidney increased. in the population from biotope with heavy metal pol-
lution, the relative weight of gonads was bigger.
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introduction

Currently, environmental pollution is one of the global 
environmental problems occurring in all over the world. to-
day, the sources of pollution of anthropogenic origin, such as 
household waste, oil spills, fertilizers and pesticides that are 
used in farming, and wastewater from industrial plants cause 
many ecological disasters. they cause not only deterioration 
of habitats, but also massive reduction of the number of bio-
ta and even the extinction of entire species. this is particu-
larly true for amphibians – a highly vulnerable group, whose 
populations have declined all over the world in the end of last 
and the beginning of this century (Garey and Bryant, 1995; 
Blaustein et al., 2003; Stuart et al., 2004). Nevertheless, among 
the representatives of Anura there are species which can adapt 
surprisingly well to anthropogenically transformed environ-

ment, they reproduce successfully and are abundant. this ena-
bles research that help not only to uncover the mechanisms of 
their survival, but it also offers opportunities for biomonitoring 
analyzes for assessing the extent of anthropogenic risk and en-
vironmental damage. the marsh frog Pelophylax ridibundus 
Pallas, 1771 (Speybroeck et al., 2010) is such a species, of big 
range in eurasia, with high number and density of population, 
and in many countries (including Bulgaria: 41°14′-44°13′ N and 
22°21′-28°36′ E, south-eastern part of the area) it is not under 
a special regime of conservation. From the complex european 
green frogs (Pelophylax kl. esculentus Linnaeus, 1758), the 
marsh frog P. ridibundus is a widely spread species in Bulgaria 
and it inhabits throughout the country; P. esculentus linnaeus, 
1758 can be found in the north – along the Danube, while P. 
lessonae Camerano, 1882, despite its presumable presence, has 
not been reliably documented (Biserkov et al., 2007; Stoyanov 
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et al., 2011). this amphibian species is very attached to the 
water basin (rarely leaves it and usually spend their lives not 
far from the breeding place), they can undergo high levels of 
urbanization (Vershinin, 2007, 2008) and pollution (Vogiatzis 
et al., 1998; Misyura and Marchenkovskaya, 2001; Misyura et 
al., 2008; Peskova, 2001; Zhelev, 2007, 2012a), which makes it 
work as a very good bioindicator (loumbourdis and vogiatzis, 
2002; Papadimittriou and loumbourdis, 2003; Korzh et al., 
2012; Zhelev et al., 2013а, 2014).

One of the objective and sufficiently reliable methods for 
assessing the impact of anthropogenic pollution on the popu-
lations of amphibians is the method of morpho-physiologic 
indicators, proposed in the 1960s (Schwartz et al., 1968). As 
far as the method requires animal killing, it imposes certain 
restrictions, but today it is up to date and used in the coun-
tries, where there are representatives of amphibians, allowing 
its practical application.

the purpose of this study was to assess the condition of 
basic organs of P. ridibundus (heart, spleen, kidney and go-
nads), through analyzing their relative weight, by calculating 
the respective indices) of the populations that inhabit biotopes 
in southern Bulgaria with different levels and different kinds 
of anthropogenic pollution.

the research work is part of a large study conducted in 
the period 2009-2012 in the biotopes along the two most pol-
luted river ecosystems in Bulgaria: the rivers Sazliyka and 
topolnitsa. it also monitored changing the integral indicator 

for developmental stability – fluctuating asymmetry (Zhelev 
et al., 2012), as well as the changes in basic quantitative and 
qualitative haematological parameters (Zhelev 2012b; Zhelev 
et al., 2013b) in P. ridibundus populations.

materials and methods

The area of investigation
the samples for our study were collected in the spring of 

2012 in three biotopes (for convenience labelled as 1, 2 and 3) 
located along the courses of two rivers in Southern Bulgaria: 
Sazliyka river in its top part near the village of rakitnitsa 
– biotope 1, in its middle part in the region of the town of 
radnevo – biotope 2 and topolnitsa river near the village of 
Poibrene, after the flowing of Medetska River into the Topol-
nitsa water reservoir – biotope 3 (Figure 1).

data from physicochemical analysis done  
in the water ecosystems

Average annual data about the water basins for 2012, from 
the reports of the Basin Directorate for water management –  
east Aegean region – Plovdiv, Ministry of the environment 
and Waters (http://www.bg-ibr.org) are presented in table 1. 
Physicochemical monitoring is based on 21 indicators moni-
tored. Annual averages of physicochemical analyses for the 
period 2009-2011 in each of the biotopes are presented in 
Zhelev et al. (2013b).

fig. 1. geographical location of the water ecosystems. biotopes:  
1 – sazliyka river below the village of rakitnitsa; 2 – sazliyka river below the town of radnevo;  

3 –topolnitsa river below the village of poibrene
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there is no data about the anthropogenic pollution in Bi-
otope 1 (all 21 indicators are within the standards for Catego-
ry i (clean) and Category ii (slightly polluted) water basins, in 
accordance with Order №7/8.8.1986 (State Gazette, № 96. 12. 
12. 1986); in our study it is viewed as control. The other two 
biotopes 2 and 3 are polluted. in the biotope 2, the main pol-
lution is of sewage-domestic type, and the biotope 3 is pol-
luted with heavy metals.

subject of study and methods for analyses
the subject of our study was the marsh frog P. ridibundus. 

P. ridibundus is listed in Appendix 4 of the Bulgarian Biodi-
versity Act (Prom. SG. 77, August 9th 2002). According to Ar-
ticle 42, Article 41 and Appendix 2 for Article 41 of the same 
law (permit regular catch and use a species of food including in 

possession of a valid ticket for hunting-fishing for the current 
year), there are no capture permits issued for P. ridibundus if 
in use for scientific research. Catching of animals we did once, 
at the beginning of the breeding period (early spring) as fol-
lows: in the evening, after sunset, in each of the biotopes we 
illuminated a spot of several square meters with 2 Petromax 
lanterns placed on the shore. then in the illuminated area we 
caught adult individuals (at roughly measuring SVL > 60.0 
mm) in the water (using a fish net) and on land, along the bank. 
the catch was selective in terms of quantity and sex – aiming 
for a roughly equal sample in each of the three biotopes. We 
separated them by sex, basing on secondary sexual character-
istics: resonator bubbles in the corners of the mouth and “mari-
tal corns” on the first finger in male individuals. We caught 
a total of 202 animals distributed as follows: Biotope 1 – 75 

table 1 
recent data on the biotopes at the time of the study (physicochemical analysis – surface water sample). the river 
sazliyka below the village of rakitnitsa – biotope 1 and below the town of radnevo – biotope 2; the river topolnitsa 
below the village of poibrene – biotope 3)

Parameters Units
Si 

Order №7/8.8.1986 Biotopes 2012categories
i ІІ ІІI 1 2 3

ph ph units 6.5-8.5 6.0-8.5 6.0-9.0 8.2 7.7 8
temperature °C to 3° middle of the season 15.1 14.9 11.1
insoluble substances mg/dm3 30 50 100 5 42.2 6.62
electroconductivity μS/cm 700 1300 1600 867 613 602
Dissolved oxygen mgo2/dm3 6 4 2 7.23 5.3 5.55
oxygenation % 75 40 20 85.3 58.2 53
Biological oxygen demand. five days - BOD5 mgo2/dm3 5 15 25 3.53 17.2* 3.3
Chemical oxygen demand - COD mgo2/dm3 25 70 100 5.4 5.8 6.2
Nitrate ammonium mg/dm3 0.1 2 5 0.16 4.4* 0.02N-Nh4
Nitrate nitrogen mg/dm3 5 20 10 1.1 1.2 0.2N- No3
Nitrite nitrogen mg/dm3 0.002 0.04 0.06 0.002 0.2** 0.001N-No2
Orthophosphates    Р mg/dm3 0.2 1 2 0.022 0.433 0.302
total nitrogen mg/dm3 1 5 10 1.95 5.3* 0.543
total phosphorus - as  P mg/dm3 0.4 2 3 0.28 0.42 0.32
Sulphates (So4

2-) mg/dm3 200 300 400 24.32 54.8 212
iron - total (Fe) mg/dm3 SKoS – 0.1

< 0.001 < 0.001

0.20ʺ
Manganese (Mn) mg/dm3 SKoS – 0.05 0.33ʺ
Copper (Cu) mg/dm3 SKoS – 0.022 0.031ʺ
Arsenic (As) mg/dm3 SKoS – 0.25 0.003
lead (Pb) mg/dm3 SKoS – 0.0072 0.015ʺ
Nickel (Ni) mg/dm3 SKoS – 0.02 0.09ʺ

* – above TLV for category II, ** – above TLV for category III, ″ – above SKOS (assessment index) – very poor condition
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individuals [39♂, 36♀ (15.04.2012)]; Biotope 2 – 65 individuals 
[31♂, 34♀ (19.04.2012)]; Biotope 3 – 62 individuals [31♂, 31♀ 
(3.05.2012)]. One day after the catch the animals were trans-
ported in buckets of water (to reduce stress) to the laboratory.

the ethics Board for experimental Animals, Faculty of Bi-
ology at Plovdiv University, approved the animal handing and 
laboratory methodology. According to the ethical standards for 
handling of animals (Steven et al., 2004), the live frogs had 
been aneasthesed with ether (according to Stetter, 2001). We 
used a calliper to measure the Snout-vent length (Svl) with 
an accuracy of 0.1 mm (Bannikov et al., 1977) and we weighed 
the animal – body weight (BW). After the animals had been 
euthanized by dipping them into 0.5% MS-222 solution, we 
removed the organs, drained (drying) them with filter paper 
and weighed them on electronic weighing scales with an accu-
racy of 0.001g: heart weight (hW), spleen weight (SW), kidney 
weight (KW) and gonads weight (GW). Using the formula: or-
gan weight x 100/body weight, we calculated the following in-
dices: cardiosomatic index (CSI), spleenоsomatic index (SSI), 
renosomatic index (RSI), gonadоsomatic index (GSI): ovarian 
somatic index (oSi) and testis somatic index (tSi).

statistical procedures
Mathematical data processing was performed using stand-

ard statistical procedures with StAtiStiKA, release 7.0 
software (Statistika, 2004). the normalcy in the distribution 
and homogeneity of variance of the examined morphophysi-
ological parameters was checked by using a Shapiro-Wilk 
test (Shapiro et al., 1968) that indicated normal distribution: 
p>0.05. the statistical reliability of the differences in values 
of morphophysiological parameters received for individuals 
of both sexes in the biotopes compared was proved with a 
one-way ANOVA. LSD test was used as a post-hoc test. Re-
sults with p<0.05 [α=5%] were considered significant.

results

to facilitate the commentary in the work, each sample 
from the population inhabiting the corresponding biotope 

was marked with its number. All the animals tested were 
adult: SVL (cm) [population 1 (♂6.76±0.10, ♀7.76±0.14), 
population 2 (♂7.53±0.18, ♀9.47±0.28), population 3 
(♂6.71±0.13, ♀8.16±0.23,] and BW (g) [population 1 
(♂56.91±1.89, ♀61.81±1.83), population 2 (♂61.54±1.62, 
♀65.78±1.88), population 3 (♂31.43±1.53, ♀44.22±2.42)].

Some of the basic statistical indicators аnd descrip-
tive statistics of the morphophysiological parameters in 
P. ridibundus populations and the statistically reliable 
differences found among the populations for each of the 
studied parameters are presented in table 2 and Figures 2,  
3, 4 and 5.

For each of the morphophysiological parameters studied 
we made comparison to certify the statistically significant 
differences in P. ridibundus populations (post-hoc LSD test) 
from the three biotopes as follows: a) between individuals 
of both sexes in each of the three populations; b) between 
individuals of the respective sexes (♂/♂ and ♀/♀) from the 
populations in the polluted biotopes (2 and 3) and the con-
trol group (1); с) between individuals of the respective sexes 
from the populations in the biotopes with different type of 
toxins – 2 (Domestic sewage polution) / 3 (Heavy metal pol-
lution). Our findings are presented below:

heart
a) in the population from the relatively clean biotope, the 

value of cardiosomatic index in females was statistically sig-
nificantly higher than that in males (♀0.24±0.01/♂0.18±0.01, 
р<0.001). The sign showed no gender differences in the two 
polluted biotopes.

b) in the polluted biotopes, the values of CSi in male 
[0.31±0.01 (2), 0.33±0.01 (3)] and female [0.30±0.01 (2), 
0.32±0.02 (3)] individuals are statistically significantly higher 
than those in individuals from the respective sex in the con-
trol group (р<0.001).

c) There are no statistically significant differences in the 
values of CSi between individuals from the respective sexes 
in the populations from the two anthropogenically polluted 
biotopes (Figure 2).

table 2 
one-way anoVa – analysis of Variance (data: morphophysiological parameters) among populations Pelophylax 
ridibundus in the investigated biotopes in southern bulgaria

Parameters SS Df MS SS Df MS F Peffect effect effec error error error
CSi 0.66 5 0.133 1.45 196 0.0074 17.98291 0.00~1
SSi 0.03 5 0.006 0.04 196 0.0002 26.09367 0.00~1
rSi 1.34 5 0.268 2.18 196 0.0111 24.07328 0.00~1
GSi 1045.03 5 209.007 1153.51 196 5.8853 35.51362 0.00~1
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spleen
a) The only statistically significant gender difference is 

in population 2, where the value of SSi in female individuals 
(0.05±0.003) is higher than that in males (0.04±0.003).

b) With equal value of SSI (0.03±0.002) for individuals 
of both sexes in the control group, the values of the sign are 
statistically significantly lower in comparisons with both 
males and female individuals from populations 2 and 3 
(0.06±0.003).

c) the value of SSi in male individuals from population 
2 is statistically significantly lower than that in males from 
population 3; there are no differences between females in the 
two biotopes (Figure 3).

Kidney
a) in the population from the relatively clean biotope, 

the value of rSi is statistically reliably higher in female in-
dividuals (♀0.24±0.01/♂0.19±0.01, р<0.05), while in that 

fig. 2. Cardiosomatic index (m – males, f – females) of 
Pelophilax ridibundus individuals from populations in 

the investigated biotopes in southern bulgaria

Fig. 3. Spleenоsomatic index of individuals (M – males, 
f – females) of Pelophilax ridibundus populations in the 

investigated biotopes in southern bulgaria

Fig. 5. Gonadоsomatic index (ovarian somatic index and 
testis somatic index) for individuals (m – males,  

f – females) of Pelophilax ridibundus populations in  
the investigated biotopes in southern bulgaria

fig. 4. renosomatic index of individuals (m – males, 
f – females) of Pelophilax ridibundus populations in the 

investigated biotopes in southern bulgaria
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from the biotope with heavy metal pollution – in males 
(♂0.44±0.02/♀0.38±0.02, р<0.01). There are no gender dif-
ferences in biotope 2.

b) in conditions of pollution (population 2 and 3), the val-
ues of rSi statistically reliably increase in both male and fe-
male individuals, compared to individuals of the respective 
genders in the control group.

c) in comparing the two anthropogenically polluted bi-
otopes, the value of rSi in male individuals from popula-
tion 3 is statistically reliably higher than that in males from 
population 2. there are no reliable differences in the values 
of rSi between female individuals from both populations 
(Figure 4).

gonads
a) in each of the three populations, the values of GSi are 

statistically reliably higher in female individuals (p<0.001).
b) testis somatic index (tSi) there is no statistically sig-

nificant difference in any of the comparisons between the val-
ues of the index in the populations from biotopes 2 (0.49±0.19) 
and 3 (0.98±0.31) and that in population 1 (0.32±0.09); ovar-
ian somatic index (oSi) in the control group has a statisti-
cally reliably lower value (3.89±0.48) than in population 3 
(6.59±0.64), р<0.001 and does not differ to that in population 
2 (4.05±0.5).

c) While the values of tSi between populations 2 and 3 
do not show a statistically significant difference, those of OSI 
are statistically reliably higher in individuals in the popula-
tion from the biotope with heavy metal pollution (Figure 5).

discussion

in individuals of both sexes of P. ridibundus we found 
statistically reliable increase in the relative weight of, heart, 
spleen, kidneys (for these organs it was more distinct in male 
individuals), and the relative weight of gonads in females, in 
conditions of anthropogenic pollution, which is due to the 
presence of toxins in the water. regardless the different na-
ture of pollution (domestic sewage pollution and heavy metal 
pollution) the reaction in the amendments of, heart, spleen 
and kidney in individuals of both sexes is in one direction: 
the relative weight increases as compared with those liv-
ing in the relatively clean environment. There is a specific 
reaction only in female individuals – the relative weight of 
gonads increases reliably in the environment polluted with 
heavy metals.

there are very few studies about the changes in the values 
of CSi, SSi and rSi in amphibians. this is even more valid 
for research on the changes of these indices in Anura in an-
thropogenically transformed areas. the bulk of research in 

this direction have been conducted with species of the rani-
dae (Rafinesque-Schmaltz, 1814) family in the eastern and 
central parts of the area (russian Federation, Ukraine and 
other countries of the former USSr), where the majority of 
species are abundant and they are not under legal restrictions. 
It should be noted that the findings concerning changes in the 
values of the three indices, in relation to the characteristics of 
the environment are quite contradictory. thus, in the eastern 
part of the species habitat (Kazakhstan) in two populations of 
P. ridibundus, first of them inhabiting the vicinity of a copper 
processing plant and the other 250 km remote, no differences 
were found in the values of rSi, while those of CSi were 
statistically reliably higher in the population that live in con-
ditions of pollution (toktamysova, 2005). According to the 
data of Zhukova and Kubancev (1982) for the same species 
in southern russia, there were no reliable differences in the 
values of CSi for populations from rice paddies polluted with 
pesticides and the control group. in a later study conducted in 
the same territory (Zhukova et al., 1986), they reported a reli-
able increase of the relative weight of the heart in conditions 
of pesticide contamination (2.9-3.9‰), compared with the 
control from a fish farming lake (2.1-3.3‰) in the surround-
ings of the town of Krasnodar. in previous research of ours, 
carried out in the territory of southern Bulgaria (Peskova and 
Zhelev, 2009; Zhelev, 2012а), we did not find any statistically 
significant differences in the values of CSI, RSI and SSI in 
populations of P. ridibundus living in areas with developed 
energy industry (tPP “Maritza east-1”, near the town of Gal-
abovo) and chemical industry (“Neochim SA”, near the town 
of Dimitrovgrad), compared with the control from a relative-
ly clean area (the town of harmanli). however, there are data 
(the region of the volga-Akhtuba valley in southern russia) 
for a statistically significant increase of RSI in a lake polluted 
with wastewater from a chemical complex: 4.5-4.6‰ against 
3.6-3.9‰ in the control (Kosareva and Vasiukov, 1976). in 
Ukraine, in three species of Anura (P. ridibundus, Bombi-
na bombina Linnaeus, 1761 and Pelobates fuskus laurenti, 
1768) that inhabit a zone polluted with waste industrial water, 
the relative weight of kidneys, heart and spleen reliably grow 
in comparison with populations from relatively clean areas 
(Misura and Sporadets, 2005; Misyura et. al., 2007). Peskova 
(2002) reports higher values of CSi and rSi in B. bombina 
from polluted with pesticides rice paddies in southern rus-
sia, in comparison with the control, and thammachoti et al. 
(2012) report similar data about the values of rSi in the rise 
frog Fejervarya limnocharis Gravenhorst, 1829 from a rice 
system with pesticide contamination in Nan Province, thai-
land. in the context of the examples discussed the results of 
this study that allude to a bigger heart in amphibians, in pop-
ulation 2 and 3, living in conditions of pollution in southern 
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Bulgaria, may be a result of their greater mobility in this en-
vironment. According to Schwartz et al. (1968), the values of 
rSi are in inverse proportion to the size of the body, which 
may partly be associated with the data of increased values of 
the index in male individuals in the two population from the 
polluted biotopes (especially in population 3, where Svl has 
the lowest values), but not in females (in population 2 and 
3 the female individuals are larger than those in the control 
group). Another more probable reason for the increased val-
ues of rSi in individuals from the anthropogenically polluted 
biotopes, as mentioned above, can be found in their accelerat-
ed metabolism in conditions of pollution, which increases the 
role of kidneys as organs that take wastes out of the metabolic 
exchange. this could also be regarded as adaptive response. 
It is difficult to assess whether the increased sizes of the heart 
is also a result of increased metabolism and give some big 
advantages of the amphibians in the polluted biotopes, as the 
bigger requirements to the functions of this organ could also 
be implemented in other ways: at the expense of enhancement 
of myocardial contractility or on account of pulse rate accel-
eration, without being associated with the increased size of 
the organ (vershinin, 2007). the main function of the spleen 
in amphibians is associated with formation, storage and de-
struction of blood cells. in the spleen of young individuals 
there is formation of various types of leukocytes (together 
with the liver) and erythrocytes, and in mature individuals – 
predominantly lymphocytes, as the main erythrocyte mass is 
destroyed simultaneously. the higher values of SSi found in 
the two anthropogenically polluted biotopes find their expla-
nation in relation to the increased functional requirements to 
the organ in conditions of stimulating the formation of blood 
cells in individuals from these two populations: statistically 
reliable erythrocytosis and leukocytosis compared with the 
control group (Zhelev et al., 2013b). to support our thesis is 
the data for P. ridibundus populations, living in conditions 
of anthropogenic pollution in the Ukrainian Pridneprovie, 
where with higher values of SSi and rSi a high percentage 
of individuals have two spleens and three kidneys (Misyura 
et al., 2007).

regarding the changes in the values of GSi in the popu-
lations of Anura that inhabit anthropogenically polluted bi-
otopes, the data are also contradictory: from no differences 
with the values of the index in individuals from relatively 
clean biotopes (Zhelev, 2012а), via reduction of TSI and OSI, 
which is associated with oppression of reproduction ability 
(Marchenkovskaya, 2005; 2006; Misura et al., 2007), to their 
increase, which clearly speaks for an enhancing fertility in 
conditions of pollution and it is an adaptive process (Zari-
pova and Fayzulin, 2012). A question of great interest is the 
data associated with enlargement of gonads in conditions of 

pollution (when there are no changes in the values of tSi), 
cases similar to that found by us in population 3 from South 
Bulgaria. Such data are given for P. ridibundus (Zhukova 
and Kubancev, 1982), В bombina (Peskova, 2001), F. limno-
charis (thammachoti et al., 2012) in conditions of pesticide 
contamination. it was found that certain herbicides (atrazine) 
may induce the growth of gonads through endocrine system 
disorders (McLachan et al., 2008) and they lead to estrogen-
ic effects (Hayes et al., 2006, 2010; Kloas and Lutz, 2006). 
this makes the question controversial – to what extent the in-
crease in size of gonads (in terms of greater fertility) is an ad-
aptation or pathology. the data of thammachoti et al. (2012) 
comes to support this opinion, and they report bigger gonads 
of F. limnocharis during the dry season, a time during which 
the species does not reproduce.

Conclusions

in P. ridibundus populations that inhabit anthropogeni-
cally polluted biotopes in southern Bulgaria (whatever the 
nature of toxins is), in individuals of both sexes, the relative 
weight of vital organs increases: heart, spleen and kidney. in 
various types of pollution (domestic sewage pollution and 
heavy metal pollution), the relative weight of gonads grows 
reliably in the biotope with heavy metal pollution).

the changes in the values of the cardiosomatic index 
(CSi), the spleenosomatic index (SSi), the renosomatic index 
(RSI) and the gonadоsomatic index (GSI) in P. ridibundus 
populations objectively reflect the physiological state of the 
organismin environmental conditions of anthropogenic 
contaminaton of different degrees. they have their practical 
application as biomarkers in the biomonitoring system, 
especially in countries lacking legislative restrictionson 
catching frogs.
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