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Abstract

Basic haematological parameters were studied in adult, sexually mature individuals of colour
morphs (striata and maculata) in the populations of Pelophylax ridibundus living in biotopes with
various degrees of anthropogenic pollution (control, domestic sewage pollution and heavy metal
pollution) in Southern Bulgaria. We found that in the polluted biotopes in individuals of both
morphs of P. ridibundus the blood parameters: erythrocyte (RBC) and leukocyte (WBS) count,
haemoglobin concentration (Hb), haematocrit (PCV) were statistically reliably higher, the number
of lymphocytes (Ly) decreased, and the parameters: mean cell haemoglobin (MCH), mean cell
haemoglobin concentration (MCHC), mean cell volume (MCV) and differential blood formula
changed considerably in comparison with the control group. In terms of anthropogenic pollution,
the average values of RBC and Hb were higher in P. ridibundus of striata morph.
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Haematological Parameters, Southern Bulgaria

1. Introduction

The growing negative human impact on the environment calls for continuous monitoring of its condition, for the
assessment of which more bio-indication research is increasingly being used. At the end of the 20th and in the
beginning of the 21st century, a number of researchers, such as Cabagna et al. [1], Davis et al. [2], Korzh et al.
[3], Lajmanovich et al. [4], Zhelev [5], have substantiated the successful application of haematological parame-
ters of tailless amphibians (Order Anura) in biomonitoring. They are one of the first life-forms to react to
changes caused by negative environmental factors, including anthropogenic ones.

Nowadays, despite the controversial attitude towards using them as good biomarkers, the changes in the val-
ues of haematological parameters in the marsh frog Pelophylax ridibundus Pallas, 1771 are used successfully;
one of the three species of Pelophylax kl. esculentus Linnaeus, 1758. They are very attached to a specific breed-
ing basin (They rarely leave it and spend almost their entire lives in it), they reproduce quickly in large quanti-
ties and have an extensive range. This makes it possible to conduct research on large areas using the same signs,
obtaining comparable results [6]-[9]. From Pelophylax kl. esculentus the marsh frog P. ridibundus is a widely
spread species in Bulgaria being found throughout the country, P. esculentus Linnaeus, 1758 can be found in the
north-along the Danube, while P. lessonae Camerano, 1882, despite its presumed presence, has not been reliably
documented [10].

The presence of alternative morphs of P. ridibundus by the presence or absence of a central light stripe on the
back has been used since fairly recently as a bio-indicative marker for evaluation of the condition of the outer
environment. Analysing the genetic nature of this morph in Ranidae Rafinesque-Schmaltz, 1814 family showed
that the striata morph is a monogenic mutant. The dominant allele of the diallelic autosomal striata gene deter-
mines the presence of a stripe (complete dominance). Such mode of inheritance has been found for P. ridibun-
dus [11] and Rana arvalis Nilsson, 1842 [12]. For the various species from the Ranidae family it has been found
that in the individuals with striata morph the total level of the reduction-oxidation processes and the amount of
haemoglobin are higher, and the sodium penetrability of the skin is twice lower than that of the maculata morph
[13]. We found that in juvenile [14] and adult [5] [15] individuals of P. ridibundus of striata morph the hepatic-
somatic index (HSI) was higher than that of maculate morph. Studies on the bioaccumulation of heavy metals in
R. arvalis found that in animals of striata morph strontium values (Sr-90) are five times lower than those in
animals of maculata morph [16]. According to these authors’ opinion, the relatively weak ability to bioaccumu-
late is associated with a higher frequency of occurrence in populations of R. arvalis, living in areas with natural
and artificial geochemical anomalies in individuals of striata morph. According to the views of Sils and Ver-
shinin [17], the lower skin permeability in individuals of striata morph leads to an increasing role of pulmonary
breathing, which, in turn, is linked with hemopoiesis intensification (the number of erythrocytes and the amount
of haemoglobin get higher).

A new large-scale study was conducted in 2012 in the same biotopes 3 along the rivers Sazliyka and Topol-
nitsa in populations of P. ridibundus, in view of analysing a wider range of haematological parameters in indi-
viduals of both morphs striata and maculate.

We set the following objectives:

* Obtaining data on the main haematological parameters (including any seasonal variations) in adult, sexually
mature individuals of both colour morphs (striata and maculata) in the populations of P. ridibundus, inhabiting
biotopes with different levels of anthropogenic pollution in Southern Bulgaria.

 Assessment of the most informative haematological parameters that objectively reflect the changes in the
functional status of animals in habitats with anthropogenic stress.

« Output of possible differences in the values of the parameters in individuals of both morphs in P. ridibundus
in the water basins polluted with different types of toxins and assessment of their role in the survival and envi-
ronmental adaptation of the morph to the peculiarities of the environment.

» Analysis of the possibilities of using these haematological parameters in individuals of both morphs of P.
ridibundus as markers for assessing the ecological status of the environment in the system of biomonitoring.

A schematic overview of the work-flow showing the design of the study is present in Figure 1.
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Figure 1. Schematic overview of the work-flow showing the design of the study.

2. Materials and Methods
2.1. The Area of Investigation

The samples were gathered during three seasons (spring, summer and autumn) of 2012 in three biotopes (for
convenience labeled as A, B and C) located along the courses of two rivers in Southern Bulgaria: the river
Sazliyka in its upper reaches near the village of Rakitnitsa (N 42°19'58.8", E 25°31'1.2", 200 m above sea lev-
el—biotope A), in the middle part in the region of the town of Radnevo, after it flows into the river Blatnitsa (N
42°18'0", E 25°55'58.8", 113 m above sea level-biotope B) and the river Topolnitsa near the village of Poibrene,
below where the river Medetska enters the Topolnitsa water reserve (N 42°30'0", E 24°0'0", 511 m above sea
level-biotope C). Physiographic map of the investigated biotopes are presented in Zhelev et al. [18].

2.2. Data from Physicochemical Analysis of the Water Ecosystems Studied

The average annual data relating to the water basins studied for 2012 are extracted from the reports of the Basin
Directorate for water management—East Aegean Region—Plovdiv (http://www.bg-ibr.org) and the Ministry of
the environment and water resources (data not shown). Physico-chemical monitoring is based on 21 indicators.
Details of the physicochemical analysis for the period 2009-2011 in each of the biotopes are presented in Zhelev
et al. [18]. For Biotope A there is no data about anthropogenic pollution (all 21 indicators are standard for Cat-
egory | (clean) and Category Il (slightly polluted) water basins, under Order No. 7/8.8.1986 (State Gazette, No.
96.12.12.1986). In our study it is viewed as control. The remaining two biotopes B and C are polluted. In the
biotope B the main pollution is of sewage-domestic type (higher Biologic Consumption of Oxygen (BOD: 17.2
mg O,/dm®, MAC (maximum admissible concentrations) for Category I, Il and 111 (normally contaminated) re-
spectively 5.0, 15.0 and 25.0 mg O,/dm®),), Nitrite-Nitrogen (N-NO,: 0.2 mg/dm®, MAC for Category I, Il and
11 respectively 0.002, 0.04 and 0.06 mg/dm®) and Total Nitrogen (N 5.3 mg/dm?®, MAC for Category 1, Il and 11|
respectively 1.0, 5.0 and 10.0 mg/dm?)), while the biotope C is polluted with heavy metals (Iron-total (Fe): 0.20
mg/dm?, above 0.1 mg/dm®*—very poor condition, Manganese (Mn): 0.33 mg/dm?, above 0.05 mg/dm*—very
poor condition, Copper (Cu): 0.031 mg/dm?, above 0.022 mg/dm*—very poor condition, Lead (Pb): 0.015 mg/
dm?, above 0.0072 mg/dm®*—very poor condition, Nickel (Ni): 0.09 mg/dm?, above 0.02 mg/dm*—very poor.

2.3. Subject of Study and Methods of Analysis

The subject of our study is the marsh frog P. ridibundus. To achieve maximum objectivity in the research and to
avoid selectivity in terms of the number of individuals of the two morphs in the test group (30 animals per sea-
son), the catches were performed in the following way: once in the spring, summer and autumn of 2012 (the
dates are listed below), in the evening after sunset, we spotlighted each of the habitats using 2 Petromax lanterns
placed on the shore at a few square metres. Then in the spotlighted area we caught adult individuals randomly in
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the water (using fishing net) and on land-along the bank. (Snout-Vent Length > 60.0 mm) [19], there was no se-
lectivity with respect to the morph. We caught altogether 270 individuals from the three biotopes and the ani-
mals were divided as follows: Biotope A [spring (24 April 2011)-striata = 14, maculata = 16; summer (17 July
2011)-s = 12, m = 18; autumn (4 October 2011)-s = 11, m = 19]; Biotope B [spring (28 April 2011)-s = 23, m =
7; summer (22 July 2011)-s = 21, m = 9; autumn (9 October 2011)-s = 22, m = 8]; Biotope C [spring (4 May
2011)-m = 5, s = 25; summer (28 July 2011)-m = 7, s = 23; autumn (17 October 2011)-s-24, m-6]. To prevent
eventual recapture in spring and summer the animals were marked through taking individual photographs [20].

The frogs were transported from the place of capture to the laboratory. The live frogs were anaesthetised with
ether and blood (0.20 ml) was drawn by means of cardiac ventricular puncture using small heparinized needles
(20 mm length) via heparinized haematocrit capillaries [1]. The erythrocyte (RBC) and leukocyte (WBC) count
was determined according method of Wierord using a Burker chamber [21]. For dilution standardised Hayem
solution was used for erythrocytes via Thoma pipettes, while for the leucocytes we used Turck’s solution. Dilu-
tion was carried out 200 times for the erythrocyte count and for 20 times for the leukocyte count. The haemog-
lobin concentration (Hb) was determined with the cyan-haemoglobin method-reading 540 nm [21]. The haema-
tocrit value (PCV) was determined with heparinized haematocrit capillaries. Blood was centrifuged for 5 min at
3000 rpm constant-rotation, in thin-walled capillary tubes and the value obtained was read from the scale and
recorded in L/I [22]. The derivative haematological parameters (MCH-mean cell haemoglobin, MCHC-mean
cell haemoglobin concentration, and MCV-mean cell volume) were calculated mathematically from the results
above, according to Wintrobe’s formula [23]. MCV was calculated by dividing haematocrit per litre of blood by
total RBC count. The differential blood formula (St—stab neutrophils; Sg—Segmented nuclei neutrophils; Ba—
Basophils; Eo—Eosinophils; Mo—Monocytes; Ly—Lymphocytes) was determined on the basis of 100 leuko-
cytes per slide, using Shiling’s microscopic method [20]. After the analysis, the animals were released back to
the same locations in the biotopes.

2.4. Statistical Procedures

The mathematical data processing was performed using standard statistical procedures with the help of the soft-
ware package STATISTIKA 7.0 [24]. The normality in the distribution of the examined haematological para-
meters was checked using a Shapiro-Wilk test that indicated normal distribution: p > 0.05. The haematological
parameters have been analysed (in total) in the individuals of both morphs of P. ridibundus using principal
component analysis-PCA and standard discriminant analysis—DA. The statistical reliability of the differences in
the values of the haematological parameters received for the individuals from both morphs in the compared bio-
topes was proven with a one-way ANOVA. As a post-hoc test was used an LSD-test. Results with p < 0.05 [a =
5%] were considered significant.

3. Results and Discussion

In preliminary testing of our data (individuals of the homonymous morphs-3 s/Q su & _m/Q_m) with one-way
ANOVA, we found only two statistically significant differences during spring in the control group: RBC in &'_s
was higher than 9 s, and the number of Ba cells in _m was higher than in §_m. There were no gender differ-
ences in the haematological parameters in the populations of the two anthropologically polluted biotopes (p >
0.05). For this reason, comparing the biotopes with various levels and types of pollution, the sample of the rele-
vant population was analysed as a whole (3 + Q) for the individuals of the respective morph.

3.1. Multi-Variational Statistics—PCA

The sum of the first three variables includes 75.46% of the variation in the individuals from the two morphs of P.
ridibundus: eigenvalue was fixed > 1. The parameters: RBC (—0.941), Hb (—0.859), PCV (-0.891), WBC
(-0.805) and Mo (—0.883) show a high degree of correlation in reference to the first axis. The parameters Sg
(-0.875), Eo (-0.826), Ba (-0.671), Ly (0.796) have a high correlation in reference to the second axis. The posi-
tive dependence on F3 is indicated only by MCV (0.796). The grouping of parameters in reference to the first
two main axes is shown in Figure 2.

3.2. Multi-Variational Statistics—DA

DA-discriminant analysis defines the difference between the comparable groups of individuals from the two
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Figure 2. Graph of the correlations of the 12 haematological
parameters (factor weights) in the individuals from the two
morphs of Pelophylax ridibundus and the first two main axes
of the biotopes with various degrees of anthropogenic pollu-
tion in Southern Bulgaria.

morphs in the biotopes with various degrees of anthropogenic pollution in Southern Bulgaria as statistically re-
liable, using the parameters: RBC (Wilks’ Lambda = 0.012; F = 3.681; p = 0.003), Hb (Wilks’ Lambda = 0.013;
F =9.621; p = 0.000), PCV (Wilks’ Lambda = 0.014; F = 16.916; p = 0.000), Sg (Wilks’ Lambda = 0.015; F =
18.908; p = 0.000), Ba (Wilks’ Lambda = 0.012; F = 3.678; p = 0.003), Eo (Wilks’ Lambda = 0.012; F =5.230; p
=0.000) and Mo (Wilks’ Lambda = 0.011; F = 3.628; p = 0.003). The derived Mahalanobis distances are shown
in Table 1. The graph of the factor weights of the individuals of both morphs in the six comparable groups, from
the biotopes with various degree of anthropogenic pollution, depicts three differentiated clouds (Figure 3). The
animals of both morphs from the biotope polluted with heavy metals were clearly distinguished from those in
the other two biotopes, while for the animals that inhabit the relatively clean biotope and that of the domestic
sewage pollution type, there was an overlapping zone, where most of the individuals are with the striata morph;
in our opinion, it is an expression of its higher flexibility in the conditions of specific type of toxins.

3.3. Descriptive Statistics and ANOVA

Due to the insignificant influence of the season factor on the change of the values of the haematological para-
meters (Figure 2), the data for each of the biotopes was combined (year-round). The ratio between the individu-
als of the maculata and striata morphs is: Biotope A: 1/0.7; Biotope B: 1/2.8; Biotope C: 1/4.0.

Our findings (descriptive statistics) for the haematological parameters in the groups of P. ridibundus from the
three biotopes in Southern Bulgaria, with one-way ANOVA, are shown in Tables 2-4. The differences with a
high degree of statistical reliability were found for all examined haematological parameters of the P. ridibundus
individuals and from both morphs (striata and maculata) in the groups inhabiting the biotopes with different de-
gree and nature of anthropogenic pollution (Table 5 and Table 6). Statistically significant differences in com-
parisons of the individuals from the two morphs (striata and maculata):

a) In each type of biotope

In the relatively clean biotope (biotope A), the three parameters RBC, St and Sg of the thirteen we studied,
have higher values in the individuals of the striata morph, and the parameter Eo—in those of the maculata
morph. In the biotope with domestic sewage pollution (biotope B), the parameters RBC, Hb and Ly have higher
values in the individuals of the striata morph and it is the same for MCHC, Ba and Eo in those of maculata
morph. In the biotope polluted with heavy metals (biotope C), the values of RBC, Hb and PCV are higher in the
individuals of the striata morph, while MCH and MCYV are higher in those of the maculata morph.

b) In the polluted biotopes (domestic sewage pollution biotope-B and heavy metal pollution biotope-C) com-
pared with the control sample (biotope A)

There was an increase of RBC, Hb and PCV in the individuals of both morphs in the two polluted biotopes.
MCH value was lower in both morphs in the biotope B, while in the individuals of the striata morph only it was
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Figure 3. Discriminant coordinates for the ten haematological parameters for
the individuals of both morphs of Pelophylax ridibundus from the six compa-
rable groups inhabiting biotopes in Southern Bulgaria with various degree of
anthropogenic pollution. [Biotopes: A—the river Sazliyka below the village
of Rakitnitsa, B—the river Sazliyka below the town of Radnevo; C—the river
Topolnitsa below the village of Poibrene and morphs s-striata, m—maculata
of individuals].

Table 1. The Mahalanobis distance between the six groups of individuals of both morphs (striata and maculata)
of Pelophylax ridibundus from the biotopes in Southern Bulgaria with various degree of anthropogenic pollution
using 10 haematological parameters and the corresponding statistically reliable differences between them.

1

1 As A m B_m B s Cs C.m
As 0.000 1.795" 21.784" 19.076" 52.218" 45,631"
A m 1.795 0.000 27.423" 25.741" 50.358" 43.015
B_m 21.784" 27.423" 0.000 4.194" 69.894" 61.247"
B_s 19.076" 25.741" 4.194" 0.000 58.608" 53.365"
Cs 52.218" 50.358" 69.894" 58.608" 0.000 3.238"
C_m 45.631" 43.015 61.247" 53.365" 3.238" 0.000

A_s, A_m (Population A—striata and maculata morphs of individuals), B_s, B_m (Population B—striata and maculata morphs of
individuals); C_s, C_m (Population C—striata and maculata morphs of individuals). p < 0.00~1.

lower than those of the control sample biotope with the maculate morph in the biotope C. MCHC decreases in
both morphs in the biotope with domestic sewage pollution. MCV value is lower in the individuals of the macu-
lata morph in the biotope B and in these of the striata morph in the biotope C, when compared with the control
ones of the maculate morph. In the polluted biotopes there was an increase of WBC in the individuals of both
morphs, compared with the control group, regardless of the nature of toxins, however, there were various
changes in the character of the differential blood formula: St neutrophils increase proportionally in both morphs;
in Biotope B that increase refers only to the individuals of the maculata morph in Biotope A, while in Biotope C
to the individuals of both morphs of the control group; the number of Sg neutrophils in the biotope C is greatly
reduced in the individuals of both morphs, whereas their number increases in both morphs in the biotope B; the
number of Ba cells in biotope B is higher in the individuals of both morphs, but those of the maculata morph are
more than these of both morphs in the control group, and these of the striata morph are more only than those of
the maculata morph in the control group. In the biotope C, the number of Ba cells decreases in the individuals of

()
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Table 2. Results from the comparison of the haematological parameters in the groups of Pelophylax ridibundus
from the three biotopes in Southern Bulgaria, with one-way ANOVA.

Variable SS Effect DF Effect MS Effect SS Error DF Error MS Error F Error
RBC 3,923,678 5 784735.7 2,472,492 264 9365.50 83.790"
Hb 35,930 5 7186.1 15,521 264 58.79 122.230"
PCV 1 5 0.2 0 264 0.00 159.815"
MCH 24,237 5 4847.3 151,143 264 572.51 8.466"
MCHC 25,137 5 5027.4 148,858 264 563.86 8.916"
MCV 213,689 5 42737.8 2,692,438 264 10198.63 4190
WBC 175 5 35.0 214 264 0.81 43.096"
St 616 5 123.1 525 264 1.99 61.968"
Sg 4632 5 926.4 896 264 3.39 272.982"
Ba 774 5 154.8 750 264 2.84 54,501
Eo 1088 5 2176 816 264 3.09 70.444"
Mo 5083 5 1016.6 2080 264 7.88 129.029"
Ly 14,339 5 2867.8 6894 264 26.11 109.813"

Regression SS = Total SS-Residual SS; Regression DF = regression degrees of freedom = number of independent variables (factors);
Regression MS = Regression SS/Regression D; Regression F = Regression MS/Residual MS, Standard Error = (Residual MS) %®«p <
0.00~1.

Table 3. Descriptive statistics of haematologic parameters of circulating blood in the populations of Pelophylax ridibundus from the
researched biotopes [RBC: erythrocyte count (N/ul); Hb: haemoglobin concentration (g/dl); PCV: haematocrit value (L/I); MCH:
mean cell haemoglobin (pg); MCHC: mean cell haemoglobin concentration (g/l); MCV: mean cell volume (f1)].

The river Sazliyka below The river Sazliyka below the town of Radnevo The river Topolnitsa below the village
g the village of Rak_itpitsa B (domestic_ sewage pollution) of Poibrene C (hea_vy metal pollution)
2 A (control) Num_ber of individuals: n =70 Number of_ individuals: n =90 Number of_ individuals: n =90
g Morphs: striata-37; maculata-53 Morphs: striata-66; maculata-24 Morphs: striata-72; maculata-18
. Morph Mean SD Range Morph  Mean SD Range Morph  Mean SD Range
%) S 382,703 664,851 260,000 - 500,000 s 582,576 985,637 390,000 - 730,000 S 642,639 1,278,312 380,000 - 920,000
5 M 331,321 556,444 250,000 - 460,000 m 533,333 865,607 380,000 - 660,000 M 532,778 1,052,619 410,000 - 740,000
. S 5.59 7.19 449 -7.17 S 7.47 9.76 521-8.87 S 8.32 5.32 6.73-9.25
* M 5.43 7.39 457-7.19 m 6.36 891 4.88-7.64 M 7.60 6.86 6.41 - 8.68
> S 0.25 0.04 0.20-0.34 S 0.35 0.03 0.29-0.43 S 0.38 0.03 0.30-0.43
& M 0.24 0.03 0.18-0.32 m 0.34 0.03 0.30-0.38 M 0.34 0.03 0.31-0.41
6 S 152.43 28.85  109.59 - 220.17 S 14193  20.95 103.94 - 186.25 S 143.57 25.75 98.55 - 224.43
= M 16219 2311  105.17 - 232.87 m 132.92 18.63 105.38 - 179.53 M 162.08 24.02 122.46 - 191.05
g S 22409 3182 149.77-298.45 S 21588 23.61 157.97 - 264.36 S 220.30 18.06 141.72 - 284.10
% M 22796 2795 169.32-297.48 m 190.78  20.64  152.41-224.65 M 221.16 12.32 205.88 - 246.52
> S 67825 105.93 517.44-983.33 S 662.84 97.21  476.14 - 856.00 S 646.44 10520  430.71-912.50
% M 71263 9229 521.74-950.00 m 70455 103.21 529.17 -931.25 M 728.76  108.62  547.57 - 887.50

G2
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Table 4. Descriptive statistics of haematologic parameters of circulating blood in the populations of Pelophylax ridibundus from the
researched biotopes [WBC: white blood cell count (N/ul); blood differential formula (N/100 WBC). St: stab neutrophils; Sg: Seg-
mented nuclei neutrophils; Ba: Basophils; Eo: Eosinophils; Mo: Monocytes; Ly: Lymphocytes].

e Sl s N s oo village of Poirene
Number of individuals: n = 70 (domestic sewage pollution) C (heavy_me_ta_l pollution)
Parameters Morphs: striata-37; maculata-53 Numbe_sr of mdwufiuals: n=90 Numbgr of mdw@uals: n=90
Morphs: striata-66; maculata-24 Morphs: striata-72; maculate-18
Morph Mean SD Range Morph  Mean SD Range Morph Mean SD Range
2692 0.56 1600 - 3800 S 4118 1.29 2600 - 6400 S 4396 0.69 3300 -5700
Wee M 2526 0.64 1600-3700 m 4200 1.18 2800 - 6200 M 4517 0.64 3600 - 5500
2.86 1.25 1.00 - 6.00 S 3.39 1.28 1.00 - 8.00 S 593 186 3.00-11.00
. M 2.15 0.86 1.00 - 4.00 m 3.50 147 1.00 - 6.00 M 6.22 126 3.00-8.00
S 7.97 1.24  5.00-10.00 S 13.06 2.64 6.00 - 18.00 S 272 129 1.00-7.00
% M 6.30 135  4.00-9.00 m 12.33 2.39 8.00 - 16.00 M 339 158 1.00-7.00
S 3.73 179  1.00-7.00 s 4.20 221 2.00 - 10.00 S 0.68 0.78 0.00-3.00
o M 3.55 169  1.00-7.00 m 5.33 2.26 2.00 - 10.00 M 0.33 059 0.00-2.00
S 251 1.17  1.00-5.00 s 4.68 2.33 1.00 - 11.00 S 0.28 051 0.00-2.00
Fo M 3.40 169  1.00-7.00 m 6.46 3.16 1.00 - 11.00 M 1.06 0.94 0.00-3.00
S 3.27 1.98 1.00 - 9.00 S 9.97 3.35 3.00 - 16.00 S 1343 291 6.00-19.00
Mo M 3.23 1.23 1.00 - 7.00 m 10.42 3.89 3.00 - 16.00 M 1467 3.25 8.00-19.00
S 79.68 463 7200-89.00 s 64.36 6.67  40.00 - 78.00 S 76.96 3.89 66.00 - 87.00
= M 81.45 3.65 74.00-90.00 m 61.96 749 51.00-7600 M 7433 3.16 70.00-82.00

Table 5. Summary presentation of statistically reliable differences in the comparison of the haematological parameters in the groups
of Pelophylax ridibundus from the three biotopes in Southern Bulgaria with one-way ANOVA and LSD-test (the signs > and < com-
pare mean values of haematological parameters in Table 3). p < 0.05, ~p < 0.01, ““p < 0.001.

Between the biotopes

Parameters In the separate biotopes Domestic sewage
Polluted/control sample 8 .
pollution/heavy metal pollution
As>Am"Bs>B m™; Bs>As " Bm>Am™Bs>Am™";Bm>As"";
RBC Cs>Cm™ Cs>As™Cs>Am™C_m>Am™C_m>As" Cs>Bs ,Cs>Bm
Hb B.s>B.m™; Bs>As™ Bs>Am™Bm>A m™";Bm>As"; Cs>Bs™ Cs>B m™;
Cs>Ccm™ Cs>As™Cs>Am™Cm>Am™,Cm>As" C_m>B_m™
- Bs>As ;B s>Am™Bm>A m";Bm>As"; o, o
PCV Cs>C_m Cs>A s Cs>Am™SCm>Am™Cm>As" Cs>B_s ;Cs>B_m
B s<As™ B s<Am™",B.m<Am™;
MCH C_m>C_s Bm<ASs"Cs<Am™ C_m>B.s ;C_m>B_m
MCHC B.s<B.m™ Bm<Am™Bs<Am™;Bm<Am™” Bs<Cm™Bs<Cs™
MCV Cs<Cm™ B-m<A-m™: Cs<Am™ Bs>Cs™Bm>Cs™

both morphs; in the biotope B, the number of Eo cells increases in the individuals of both morphs, but their
number sharply decreases in the individuals of both morphs in the biotope C; the number of Mo cells increases
proportionally in the individuals of both morphs in the biotopes B and C; in the polluted biotopes, the number of
Ly decreases in the individuals of both morphs.

C) In the two polluted biotopes—B and C

G2
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Table 6. Summary presentation of statistically reliable differences in the comparison of the haematological parameters in the groups
of Pelophylax ridibundus from the three biotopes in Southern Bulgaria with one-way ANOVA and LSD-test (the signs > and < com-

*kK

pare mean values of haematological parameters in Table 4). p < 0.05, “p < 0.01, “"p < 0.001, ns — p > 0.05.

Between the biotopes
In the separate

Parameters - -
biotopes Polluted/control sample . DS sl szl .
pollution/heavy metal pollution
Bs>As™Bm>Am™;Bs>A m™;Bm>As";
WBC Ns Cs>As™Cm>Am™ Cs>A m™;Cm>As" Ns
st A sSA m” B_m>A m™;B_s>A m™;,C s>A s, C_m>A m™; C_s>A m™, B s<Cs™ B_.m<C_m™
== Cm>As™ B s<C_m™; B m<C.s™
S A sSA m™ Bs>As";Bm>Am;Bs>Am ;B m>As"; Bs>Cs ;B.m>Cm”;
g - - Cs<As ;Cm<Am ;Cs<Am ;Cm<As B s>C m ;B_.m>C_s

Ba B s<B m™ Bm>A m5;B s> m™;Bs>As;Cs<As Bs>C s B m>C_m™;
- - C m<A m™: Cs<Am™ Cm<As™ B_s>C_m™;B_.m>C_s""
Eo As<A m™; Bs>As™ B m>Am™;Bs>A m™;Bm>As""; Bs>Cs™ B m>Cm™
B s<B m™ Cs<ASs™Cm<Am™ Cs<Am™ Cm<As™ B_s>C_m™;B_.m>C_s""
Mo Ns Bs>As " B.m>Am™;Bs>A m™ ;B m>A s B s<C s B m<Cm™
Cs>As™Cm>Am™Cs>A m™Cm>As™ B s<C_m™: B m<C.s™
Ly Ns Bs<As™ B m<Am™Bs<Am™;B m<ASs™; B s<Cs™ B m<Cm™

Cs<ASs™Cm<Am™ Cm<As™ Cs<Am” B s<C_m™;B_m<C._s

RBC, Hb and PCV values are higher in the individuals of the striata morphs in the biotope C. MCH value in
the individuals of maculata morph in the biotope C is higher than this in the individuals of both morphs in the
biotope B. MCHC value is higher in the individuals of both morphs in the biotope C, compared with B. MCV
value is higher in the individuals of both morphs in the biotope B than that of the striata morph in the biotope C.
The number of St neutrophils is lower in the individuals of both morphs in the biotope B. The number of Sg
neutrophils is lower in the individuals of both morphs in the biotope C. The number of Ba and Eo cells is lower
in the individuals of both morphs in the biotope C. The number of Mo and Ly cells is higher in the individuals of
both morphs in the biotope C.

The results of this research support the view from our previous work that the increasing values of RBC, Hb
and WBC in populations of P. ridibundus (for individuals of both morphs) are sufficiently reliable markers of
anthropogenic pollution. The same is true for the changes in PCV values, and partially in MCV. Also the
changes in the differential blood formula are sufficiently informative, but the enhanced specificity of their alte-
rations in individuals of the two different morphs to a specific type of toxin must be taken into account.

4. Conclusions

Based on the data obtained in this research, we can make the following conclusions:

« In populations of P. ridibundus (for individuals of both morphs striata and maculata), living in conditions of
long-term anthropogenic pollution, there is an increase in the values of the haematological parameters: RBC, Hb,
PCV, WBC, St and Mo, as well as reducing Ly and diverse changes in individuals of both morphs in the values
of MCH, MCHC, MCV, Sg, Ba and Eo. In the anthropogenically polluted biotopes, they do not undergo season-
al changes and they have constant high values compared to the control group.

* The haematological parameters: RBC, Hb, PCV, Sg, Ba, Mo, to a lesser degree MCV, WBC, Eo, and Ly are
most informative, regarding the establishment of changes (of adaptive nature or damages as a result of toxicosis)
in the individuals of both morphs (striata and maculata) in P. ridibundus living in conditions of anthropogenic
pollution.

* The higher values of RBC (at a high exit level of the parameter in the control group), as well as of the other
two basic haematological parameters (Hb and PCV) in individuals of striata morph, in comparison with those of
maculata morph, in the two polluted biotopes, are probably one of the reasons for the increased resistance and
better survival of the individuals of this morph in anthropogenically polluted biotopes. The adaptive changes in
the basic haematological parameters in individuals of striata morph are more distinctive in conditions of domes-
tic sewage pollution.

* The haematological parameters RBC, Hb, PCV, WBC and differential blood formulae in adult P. ridibundus,
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of both sex and both morphs (striata and maculata), are suitable as markers for assessing water basins’ condi-
tions with a different level and nature of anthropogenic pollution; they can also complement the data from phy-
sicochemical analysis and be applied for performing an independent initial general assessment of ecosystems.

Acknowledgements

The P. ridibundus is listed in Appendix 4 to the Bulgarian Biodiversity Act (Prom. SG. 77, August 9th 2002).
According to Article 42, Article 41 and Appendix 2 for Article 41 of the same law, capture permits for P. ridi-
bundus are not issued if in use for scientific research.

References

[1] Cabagna M.C., Lajmanovich, R.C., Stringhini, G.A., Sanchez-Hermandes, J.C. and Peltzer, P.M. (2005) Hematological
Parameters of Healt Status in the Common Toad Bufo arenarum in the Agroecosystems of Santa Fe Province, Argen-
tina. Applied Herpetology, 2, 373-380. http://dx.doi.org/10.1163/157075405774483085

[2] Davis, AKK., Maney, D.L. and Maers, J.C. (2008) The Use of Leukocyte Profiles to Measure Stress in Vertebrates: A
Review for Ecologist. Functional Ecology, 22, 760-772. http://dx.doi.org/10.1111/].1365-2435.2008.01467.x

[3] Korzh, AP., Zadorozhnyaya, V.Y. and Moseyko, V.V. (2012) Methodological Aspects of Usage of Batrachans Repre-
sentatives in Bioindicative Researches. Journal of Zaporizhzhya National University, 3, 46-56.

[4] Lajmanovich, R.C., Peltzer, P.M., Attademo, A.M., Cabagna, M.C. and Junges, C.M. (2012) Los Agroquimicos y
Suimpacto en los Anfibios: Un Dilemma de Dificil Solucion. Revista Quimica Viva, 11, 184-198 (in Spanish).

[5] Zhelev, Z.M. (2012) Ecology of Tailless Amphibians Living under the Influence of Anthropogenic Factors in Bulgaria.
Usage of Some Population Characteristics of Three Common Amphibian Species for the Biomonitoring Purposes.
Lambert Academic Publishing, Saarbrucken (in Russian).

[6] Zhelev, Z.M., Angelov, M.V. andMollov, I.A. (2006) A Study of Some Metric Parameters of the Erythrocytes in Rana
ridibunda (Amphibia: Anura) Derived from an Area of Highly Developed Chemical Industry. Acta Zoologica Bulga-
rica, 58, 235-244.

[7] Zhelev, Z.M. (2007) Investigation on the Blood Differential Formula in Rana ridibunda (Amphibia: Anura) from the
Area of the Maritsa-1stok-1 Steam Power Plant. Acta Zoologica Bulgarica, 59, 181-190.

[8] Sils, E.A. (2008) Specific of Amphibian (Genus Rana) Peripheral Blood Leucogram under Condition of Anthropogen-
ic Load. In: Ananjeva, N.B., Ed., Problems of Herpetology, Russian Collection Publishing, Saint-Petersburg, 369-374
(in Russian).

[9] Shutler, D.T. and Marcogliese, D.J. (2011) Leukocyte Profiles of Northern Leopard Frogs, Lithobates pipiens, Exposed
to Pesticides and Hematozoa in Agricultural Wetlands. Copeia, 2, 301-307. http://dx.doi.org/10.1643/CP-10-065

[10] Stojanov, A.J., Tzankov, N. and Naumov, B. (2011) Die Amphibien und Reptilien Bulgariens. Chimaira, Frankfurt am
Main.

[11] Berger, L. and Smielowski, J. (1982) Inheritance of Vertebral Stripe in Rana ridibunda Pall. (Amphibia, Ranidae).
Amphibia-Reptilia, 3, 145-151. http://dx.doi.org/10.1163/156853882X00374

[12] Ishchenko, V.G. and Schupak, E.L. (1974) On the Environmental Differences of Genotypes in Populations of Moor
Frogs. Ecology, 4, 93-95 (in Russian).

[13] Vershinin, V.L. (2005) Amphibian Ecology-Population-Based Approach. Proceeding of the 1th Conference of the
Ukrainian Herpetological Society, Kyiv, 10-12 October 2005, 35-39 (in Russian).

[14] Schwartz, S.S. (1980) Ecological Laws of Environmental Science, Moscow (in Russian).

[15] Peskova, T.Y. and Zhelev, Z.M. (2009) Comparative Assessment of Population Variability of Marsh Frog Rana ridi-

[16]

[17]

(18]

[19]

bunda from Reservoirs in Bulgaria. Problems Contemporary Science and Practice, 3, 16-23 (in Russian, English Sum-
mary).

Piastolova, O.A. and Vershinin, V.L. (1999) Some Cytologic Features of Moor Frogs in the East Ural Radioactive
Trace. Ecology, 1, 30-35. (In Russian)

Sils, E.A. and Vershinin, V.L. (2005) Population Ecology of Amphibians Based on Hematological Parameters. In:
Bolshakov, V.N., Ed., Fundamental and Applied Ecology, Ural State University Publishing House, Yekaterinburg,
310-311 (in Russian).

Zhelev, Z.M., Popgeorgiev, G.S. and Angelov, M.V. (2013) Investigating the Changes in the Morphological Content of
the Blood of Pelophylax ridibundus (Amphibia: Ranidae) as a Result of Anthropogenic Pollution and Its Use as an En-
vironmental Bioindicator. Acta Zoologica Bulgarica, 65, 187-196.

Bannikov, A.G., Darevskii, I.S., Ishtenko, V.G., Rustamov, A.K. and Shterbak, N.N. (1977) Guide Amph. and Rept.

G2


http://dx.doi.org/10.1163/157075405774483085
http://dx.doi.org/10.1111/j.1365-2435.2008.01467.x
http://dx.doi.org/10.1643/CP-10-065
http://dx.doi.org/10.1163/156853882X00374

Z. M. Zhelev et al.

[20]
[21]
[22]
[23]

[24]

USSR. Prosveshtenie Publishing House, Moscow (in Russian).

Hagstrom, T. (1973) Identification of Newt Specimens (Urodela triturus) by Recording the Belly Pattern and a De-
scription of Photographic Equipment for Such Registration. British Journal of Herpetology, 4, 321-326.

Pavlov, D.N., Romanov, M.G., Vasilev, M.K. and Popov, I.C. (1980) Chemical Laboratory Methods. Publishing
House Medicine and Physical Culture, Sofia (in Bulgarian).

Blaxhall, P.C. and Daisley, K.W. (1973) Routine Haematological Methods for Use Fish with Blood. Journal of Fish
Biology, 5, 771-781. http://dx.doi.org/10.1111/j.1095-8649.1973.tb04510.x

Winthrobe, M.M. (1933) Variations in the Size and Hemoglobin Content of Erythrocytes in the Blood of Various Ver-
tebrates. Folia Haematologie, 51, 32-49.

Statistica for Windows 2004 Version 7.0. Statsoft Inc., Tulsa.



http://dx.doi.org/10.1111/j.1095-8649.1973.tb04510.x

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and contributes
to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either
submit@scirp.org or Online Submission Portal.

tson srefone vt s nsaons ‘:.::( soanune P —— ‘m
’w\ﬁl\ . Advances in A .rlcqn Journal of
ingcfcnme and Biotechnology Ci Creative Education
I P ;{T
}’\f-_\'j N i sas ey ~ _ Inwestment of SO Captals
le |
> | -
=i |
e L 3 :
S ‘T!n"(

il LI B

AL £

Journal of

Modern Physics

{1

R ==

Journal of

Agricultural Sciences

Environmental Protection

Psychology

N

LI

LI e

o s o s O TRl - o
Natural lournallof Cancer Terapy, A Il\merical;dcouhmaluf
i B nalytical Chemistry
Science

I e 1] LT N (m



mailto:submit@scirp.org
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper

	Haematology of Pelophylax ridibundus (Amphibia: Ranidae) of Striata and Maculata Morphs in Populations Living in Conditions of Anthropogenic Pollution in Southern Bulgaria
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. The Area of Investigation
	2.2. Data from Physicochemical Analysis of the Water Ecosystems Studied
	2.3. Subject of Study and Methods of Analysis
	2.4. Statistical Procedures

	3. Results and Discussion
	3.1. Multi-Variational Statistics—PCA
	3.2. Multi-Variational Statistics—DA
	3.3. Descriptive Statistics and ANOVA

	4. Conclusions
	Acknowledgements
	References

