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Abstract Four populations of Rhinella arenarum from aquat-
ic environments with different degrees of disturbance in cen-
tral Argentina were compared to assess the ability of
cytomorphology and cytomorphometry of blood cells as a
hematological biomarker. A total of 93 specimens of
R. arenarum (adults sexually mature) were captured during
the spring. From the analysis of cell, no variations were found
in terms of morphology, whereas in nuclear and cell areas and
Price-Jones curves, we observed a smaller size in erythrocytes
of individuals inhabiting the site most altered, BVilla Dalcar,^
as well as for leukocytes, lymphocytes, neutrophils, and eo-
sinophils for the same site. This could be caused by presence
of different pollutants in the lake. Furthermore, this was con-
firmed by the high levels of environmental variables (conduc-
tivity, total dissolved solids, and salinity) show that Villa
Dalcar is the site most affected by human activities.

Keywords Rhinella arenarum . Biomarkers .

Cytomorphology . Price-Jones curves . Aquatic
environments . Pollutants

Introduction

In recent years, conservation biologists have intensified stud-
ies to monitor the impact caused by pollution from human
activities on the ecosystem (Cabagna et al. 2005; Zhelev
2007; Pollo et al. 2012). The expansion of agricultural systems
and extreme urbanization has simplified the landscape
(McLaughlin and Mineau 1995) affecting biodiversity
(Blaustein and Bancroft 2007). Evaluation of quality of the
environment, particularly in aquatic ecosystems, has tradition-
ally been based on physicochemical measurements of water.
Organisms in aquatic ecosystems are usually exposed to mix-
tures of xenobiotics in low concentrations, and it is difficult to
predict adverse effects when information is obtained exclu-
sively from chemical analyses (Pollo et al. 2015), because
amphibians are particularly sensitive to environmental pollut-
ants because they have a biphasic life cycle (aquatic and ter-
restrial) and a highly permeable skin that exchanges materials
with the environment (Cabagna et al. 2005; Blaunstein et al.
2011), making them good bioindicators of environmental
health (Young et al. 2004). This has led several scientists to
work with different parameters related to amphibian popula-
tions, such as use of hematological biomarkers (Attademo
et al. 2005; Peltzer et al. 2008; Bionda et al. 2011). This bio-
marker is very important because it represents the first level in
which the initial interaction of pollutants occurs with the or-
ganism and can be used as early warning signals for higher
levels (Cajaraville et al. 2000). In this context, hematological
investigations become important because through these stud-
ies we can infer health and immune status of different species
(Lajmanovich and Peltzer 2008). While, morphological anal-
ysis of blood cells are performed to evaluate the presence of
alterations in size, color, and shape of erythrocytes and leuko-
cytes and their frequencies, which can increase in cases of
anemia, chronic diseases, malnutrition (Campbell 2004),
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poisoning (Chiesa et al. 2006), and environmental pollution
(Barni et al. 2007), is fundamental to determine the state of
metric parameters of blood cell of anurans that inhabit sites
anthropogenically polluted, which has been poorly investigat-
ed (Zhelev et al. 2016).

The aim of this study is to determine the ability of blood
cytomorphology and cytomorphometry as hematologic bio-
marker on individuals of Rhinella arenarum inhabiting aquat-
ic environments with different degrees of disturbance from
central Argentina.

Materials and methods

Study areas

We gathered samples from four sites: both urban and suburban
aquatic environments with different disturbance types in the
south of the province of Córdoba. The importance of selection
of such environments for this study is based on previous re-
sults showing changes in population parameters in different
amphibian and fish species, as well as changes in the proper-
ties of communities, possibly by the degree of environmental
alteration (Pollo et al. 2012; Bionda et al. 2013). The first site,
BAlpa Corral^ (32° 42′ S, 64° 42′W; 880 m a.s.l.) is a moun-
tainous area known as Sierra de Comechingones, and is dom-
inated by vegetation characteristic of highland forests and is
not affected by crops or livestock. Given the characteristics of
this site, it is considered as less disturbed of all.

The second site is a pond called BCharca de las Brujas^
(33° 06′ S, 64° 25′W; 465 m a.s.l.), which is also not affected
by crops or livestock and is near to a protected natural area the
native forest El Espinal, located in Universidad Nacional de
Río Cuarto Campus, considered a semimodified environment.
This is an area with permanent and temporary ponds and a
small strip of forest surrounding the ponds with grasslands and
forest formations of native and non-native trees (Doffo 1989).

These are the sites which are considered to have the lowest
degree of human disturbance.

The third site BCultivo^ is on agricultural land (9 ha: 33°
05′ S, 64° 26′W; 465 m a.s.l.). This site is sparsely vegetated
with low growing plants (heights <0.5 m), permanent and
temporary ponds used intensively for cattle grazing. During
the time the study took place, these ponds were surrounded by
soybean crops.

The fourth site, BVilla Dalcar^ Lake (33° 05′ S, 64° 26′W;
467 m a.s.l.), is an urban aquatic system located in the city of
Río Cuarto; it serves as an important location for fishing and
recreation (Mancini et al. 2012). Several studies have been
conducted in this sampling site due to multiple incidents of
mass mortality of fish recorded in this lake (Mancini et al.
2000), as well as unusual algal growth (Novoa et al. 2006).

The latter two sites are considered to be areas with high
levels of degradation due to urbanization, grazing, and
cropland.

Data collection

A total of 93 specimens of R. arenarum (adults sexually ma-
ture) were captured during the spring, corresponding to the
beginning of the reproductive period of this species, to avoid
the effect of the seasonal variation (Table 1) (Varela and
Sellares 1973b; Zhelev et al. 2016). All specimens were in a
healthy condition. A set of environmental parameters of water
were recorded in situ (temperature, pH, conductivity, total
dissolved solids, and salinity) using a digital equipment
Tests™ Multiparameter 35-Series 35425-10. A blood sample
was taken from each specimen by puncturing the angularis
vain (Nöller 1959) and extended prepared in field to avoid
causing stress to the animals. The smears were kept cold until
transportation to the laboratory, where they were dried at tem-
perature before being stained with May Grunwald-Giemsa
differential staining (Dacie and Lewis 1984). Blood smears
were observed with Zeiss Primo Star iLED, and five types
of leukocytes were distinguished following Hadji-Azimi
et al. (1987) and Coppo (2003): lymphocytes, neutrophils,
eosinophils, basophils, and monocytes. Only mature forms
were considered. To obtain the leukocyte relation, the total
number of leukocytes was first calculated relative to 10,000
erythrocytes (Davis et al. 2004). Then, knowing the standard
percentage of the leucocyte formula for the species
B. arenarum (Salinas 2012), the relation for each type of cell
was calculated. A total of 40 erythrocytes, 24 lymphocytes, 11
neutrophils, 2 eosinophils, 2 basophils, and 1 monocyte per
individual were photographed as Tiff image using the Canon
digital camera Power Shot G10 for measurement of morpho-
metric variables. Cellular (CA) and nuclear areas (NA) of
erythrocytes and leukocytes were measured (μm2) using the
measurement area tool of the software Axio Vision
40V4.8.2.0. The nuclear/cell area ratio (N/C) was calculated.
Additionally, Price-Jones curves using cell areas were per-
formed to determine the variation in erythrocyte sizes
(anisocytosis) between sites (Bessman et al. 1979). Mean
and standard deviations of each variable recorded were
calculated.

Data analysis

We tested the normal distribution of data by mean Shapiro-
Wilks test. Then, ANOVAs (with those variables where nor-
mality was proved) or Kruskal-Wallis (for variables not nor-
mally distributed) were performed to test statistically signifi-
cant differences between sexes and between sites. If the
ANOVA revealed significant differences among sites, it per-
formed a post hoc test (LSD de Fisher) to determine which
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sites differed significantly from one another. For comparison
of less disturbed site (Alpa Corral) and all sites, we conducted
a Mann-Whitney test. InfoStat software was used for data
analysis (Di Rienzo et al. 2012). The criterion for significance
was p < 0.05.

Results

Salinity, conductivity, and total dissolved solids of water pre-
sented the lowest values in Alpa Corral, while Villa Dalcar
showed the highest values of these parameters (Table 2). The
pH values were also high for Villa Dalcar (9, 8) relative to
other sites (Cultivo = 9, Alpa Corral = 8, 8, and Charca de las
Brujas = 7, 9).

Cytomorphology

Erythrocytes are the most abundant nucleated cells in blood
tissue. In the preparations, appearance of regular oval in shape
was observed for these cells, with a blue-gray cytoplasm. As
for nuclei, it is violet, with a central position and distinguish-
able. Like the cell, the nucleus also has a regular aspect
(Fig. 1a).

In the blood preparations, lymphocytes were generally
rounded and much less frequent oval with regular contour
but may exhibit some cytoplasmic blebs. The cytoplasm pre-
sented a grayish coloration, and, in general, was a very narrow
zone in the form of halo. This is because the nuclei occupied
most of the cell and it is round to board in color (Fig. 1a).

In the case of neutrophils, the blue-gray cytoplasm evi-
denced a slight eosinophilia, and in some cases the presence
of slight spots. The nucleus rarely centered was violet and
with less granulation than the cytoplasm. Different types of
lobularity were observed for its nuclei attached through a
plasma bridge (Fig. 1c).

Eosinophils, in general, were observed to be irregularly
oval shape, and in some cases circular. The cytoplasm present-
ed large amounts of pink-orange granules of different sizes;
not much cytoplasm can be seen. The purple nucleus, howev-
er, was observed smooth. The most common type of lobularity
observed was bilobed, and in smaller, unilobed cases. On the

other hand, the nucleus is located at one pole of the cell (Fig.
1e).

The basophils have a round or oval shape. They are pre-
sented a large number of granulocytes without being able to
distinguish, in most cases, their round nuclei. It presents a
colorless cytoplasm, whereas granulocytes and the nuclei of
dark blue (Fig. 1b).

In this study, the monocytes had a round shape and grayish-
blue cytoplasm. While its nuclei turned out of rounded aspect
with horseshoe or kidney shape, and never in central position,
and coloration was violet (Fig. 1d).

Cytomorphometry

The values of CA and NA for R. arenarum species are shown
in Table 3. Because no sex differences were found for any of
the size variables (ANOVA, p > 0.05 in all cases), data from
both sexes were pooled. All variables showed significant dif-
ferences among sites when compared using ANOVA or
Kruskal-Wallis (p < 0.05), except basophils (CA H = 1.2,
p = 0.75; NA H = 0.4, p = 0.76) and monocytes (CA
F = 1.05, p = 0.37; NA F = 0.26, p = 0.85). The post hoc test
indicated that in most variables, Alpa Corral differed with
other sites. Individuals from Alpa Corral had the highest CA
and NA in most of cell types analyzed (Table 3).

According to these results, and knowing that Alpa Corral
correspond to the less disturbed site, we used Mann-Whitney
test to compare this site with the others. The analysis showed
that in the comparison of Alpa Corral and each disturbed sites
in CA and NA, individuals from Villa Dalcar and Alpa Corral
showed significant differences in CA and NA in alls variables,
except in basophils (CA U = 243, p = 0.5; NA U = 266,
p = 0.208) and monocytes (CA U = 219, p = 0.949; NA
U = 215, p = 0.989). With regard to the other sites, individuals
of Charca de las Brujas and Cultivo also showed statistically
significant differences with individuals of Alpa Corral in rela-
tion to the CA of eosinophils (p < 0.05). For neutrophils only,
individuals of Charca de las Brujas showed statistically sig-
nificant differences with individuals of Alpa Corral (p < 0.05),
but not for Cultivo (U = 136, p = 0.458). Regarding the NA,
only erythrocytes of individuals to Cultivo differ statistically
(p < 0.05) with erythrocytes of individuals in Alpa Corral, but
not for lymphocytes (U = 145, p = 0.270), neutrophils
(U = 122, p = 0.857), eosinophils (U = 147, p = 0.237), baso-
phils (U = 134, p = 0.508), and monocytes (U = 144,
p = 0.288).

Individuals from Villa Dalcar showed erythrocyte
sizes ranging between 161 and 195 μm2, while in the
other sites, erythrocytes had values between 229 and
263 μm2 (Fig. 2). Individuals from Alpa Corral and
Charca de las Brujas showed very similar cell areas.

The analysis of N/C ratio for each cell type showed
similar values (erythrocytes 0.15, neutrophils 0.37,

Table 1 Number of individual females and males collected at each
sampling site

Sample site Females Males Total

Alpa Corral 8 21 29

Charca de las Brujas 9 13 22

Villa Dalcar 11 13 24

Cultivo 5 13 18

Total 93
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eosinophils 0.37, basophils 0.54, monocytes 0.59) in all
sites except in lymphocytes of Alpa Corral individuals
(0.9), the nuclei of which had about the same area as
cells (Fig. 3).

Discussion

Hematic morphology of the species under study coincided
with those of other amphibians (Varela and Sellares 1973a;

Table 2 Average salinity,
conductivity, and total dissolved
solids for each site studied

Salinity (ppm) Conductivity (μS) Total dissolved solids (ppm)

Alpa Corral 62.05 127.70 91.70

Charca de las Brujas 114.50 243.50 172.50

Villa Dalcar 446.50 923.50 655.50

Cultivo 354.00 735.00 522.00

Fig. 1 a Left lymphocyte is
observed. b Basophils. c The
arrow indicates a neutrophil
surrounded by red blood cells. d
Monocyte. e Eosinophil
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Hadji-Azimi et al. 1987; Arserim and Mermer 2008; Arıkan
2010; Cabagna et al. 2011). However, through evaluating var-
ious parameter morphometrics within the same species
(R. arenarum) and environmental characteristics in several
sites with different degrees of disturbance, we observed that
contrasting differences exist between the sites of major human
disturbance compared to sites lesser degree of disturbance in
terms of morphometry of blood cells.

Since there are no studies on the metric measurements of
erythrocytes and leukocyte in R. arenarum, parameter mor-
phometrics was compared with a species of the same genus,
Rhinella fernandezae (Cabagna et al. 2011).

The N/C ratio obtained for R. arenarum was similar to that
of R. fernandezae erythrocytes. However, cell and nuclear
areas of erythrocytes R. arenarum (218.5 μm2) were higher
compared with R. fernandezae (150.79 μm2) (Cabagna et al.
2011). According to Wintrobe (1933) and Campbell (2004),
the size of erythrocytes reflects the position of a species in the
scale of evolution. In vertebrates such as fish and frogs, eryth-
rocytes are large, unlike mammals in which this cells are
smaller and do not contain nuclei (Tok et al. 2009). From this,
it is noted that within the class Amphibia, anurans have both
cellular and nuclear areas significantly lower than in the order
Caudata (Arıkan et al. 2001). However, it is known that the
amount of erythrocytes is smaller (Arıkan et al. 2001).

Furthermore, erythrocytes of terrestrial amphibians are small-
er than those of aquatic species (Arserim and Mermer 2008).

As for the white series, the morphologic description of the
five leukocyte types coincided with the description of Varela
and Sellares (1973a) for the same species, and other studies in
several anuran species (Hadji-Azimi et al. 1987; Arserim and
Mermer 2008; Arıkan 2010; Cabagna et al. 2011). The mean
lymphocyte area of R. arenarum (65.3 μm2) was lower than in
R. fernandeze (70.85 μm2). This relationship is reversed for
neutrophils and basophils. Eosinophils of R. arenarum
(214.0 μm2) were greater than those of R. fernandezae
(147.01 μm2). Finally, monocyte areas were similar in all
two species. Nuclear areas of lymphocytes, neutrophils,
eosinophils, and basophils were larger than nuclear areas
reported by Cabagna et al. (2011) for R. fernandezae while
monocytes had similar areas. The N/C ratio in lymphocytes
and basophils of R. arenarum was higher than that recorded
by these authors, while for neutrophils, basophils, and mono-
cytes were observed similar values. Finally, our results are in
agreement with other studies (Atatür et al. 1998; Arserim and
Mermer 2008; Arıkan 2010; Cabagna et al. 2011; Baraquet
et al. 2013); no significant differences between sexes were
found in the morphometry of each cell type.

We found statistically significant differences in the size
(cell and nuclear area) of erythrocytes, lymphocytes,

Fig. 2 Price-Jones curves using erythrocyte cell areas for comparison among sites (ref. Las Brujas = Charca de las Brujas)
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neutrophils, and eosinophils between individuals from Alpa
Corral and from Villa Dalcar. Numerous studies indicate that
hematological variation in erythrocyte size of amphibians
could be associated with the metabolic activity (Wojtaszek
and Adamowicz 2003; Arserim and Mermer 2008; Arıkan
2010). Several authors suggested that this variation is proba-
bly due not only to different geographical adaptations to high-
altitude regions but also to a recent reduction in habitat as a
result of human activities and the presence of different pollut-
ants (Goniakowska 1973; Wojtaszek and Adamowicz 2003).
Evidence for this is given by changes in hematological param-
eters as well as other genetic and morphological patterns
(Arıkan 2010).

For the case of erythrocytes, several authors indicate that
there are a number of environmental factors and activity levels
(Atatür et al. 1998), as well as variations in habitat (Atatür
et al. 1998) that affect the erythrocyte sizes (Tok et al. 2009).
So, the dimensions of erythrocytes are used as biomonitoring
of contaminated areas (Zhelev et al. 2006; Zhelev et al. 2017).

In a study carried out at the same seasonal (spring) by
Zhelev et al. 2016 and Zhelev et al. 2017, a variation in the
size of erythrocytes was observed based on different hemato-
logical parameters of individuals located in an area affected by
heavy metals. The erythrocytes and their nucleus of the indi-
viduals at this site were smaller in size compared to erythro-
cytes at other sites sampled. In the case of Villa Dalcar,

something similar is observed with respect to the sizes of
erythrocytes and could be associated with the presence of
the same type of substances. The presence of several car sal-
vage yards near the lake represents potential revenue of toxic
substances as heavy metals. Furthermore, its watershed sump
has historically supported varied agricultural activities.
Studies in the last decade indicate a high degree of environ-
mental degradation of this urban lake, raising serious ques-
tions about management and use as a recreational area and
fishing site (Pollo et al. 2015).

The values in the environmental variables can give evi-
dence of this. According to Zhelev et al. (2017), existing syn-
ergism of the effects of toxic substances and their interaction
with other environmental factors (pH, temperature, electro-
conductivity, oxygenation, etc.) arise an additional difficulty.
In particular, the pH is important parameter because biological
and chemical processes can only take place at a given pH
(Addy et al. 2004). The values recorded in Villa Dalcar were
the most basic compared to the other sites, with values close to
10. Both acid and alkaline stress cause mainly in amphibians a
genetic disorder in the egg stage of some species. In freshwa-
ter, an optimum pH range ranges from 6.5 to 8, which would
be optimal for survival and physiology in most aquatic organ-
isms; outside of this range, direct toxic effects may occur and
stress levels will be high. However, specifically in amphib-
ians, the limit values of pH considered for normal

Fig. 3 N/C ratio for each cell
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development are a little more limited; in some species, a lower
limit of 6.3 and higher has been mentioned (7.7) (Salinas et al.
2015).

On the other hand, the toxicity levels of certain environ-
mental contaminants depend largely on pH, in addition to the
temperature factor. For example, there has been a substantial
change in the natural pattern of location and deposition, mag-
nifying the distribution of heavy metals in the ecosystems
which, in turn, has provoked a sustained increase in the expo-
sure of the biota to their toxicity (Chiesa et al. 2006). Heavy
metals strongly contribute to environmental pollution, and it is
in function of the present pH that generates greater toxicity
(PrietoMéndez et al. 2009). According to Zhelev et al. (2016),
pH correlates heavy with hematological parameters associated
with erythrocyte size, such as erythrocyte size (ES), nucleus
size (NS), and nucleus cytoplasm ratio (NS/ES).

Added to this, the toxic effects of heavy metals destroy the
immune system of aquatic animals (for example, fish) аnd
cause hematological disturbances: erythrocyte destruction
(haemolysis) and leukocytosis (Javed and Usmani 2012). In
anurans, heavy metals attack the liver and kidney and cause
changes in basic hematological parameters (Priyadarshani
et al. 2015; Carvalho et al. 2016; Medina et al. 2016; Zhelev
et al. 2017).

Although it is somewhat complex to perform this type of
studies due to the influence of the stations on the hematolog-
ical values (Varela and Sellares 1973b; Zhelev et al. 2016),
besides, the dose, degree of exposure, environmental condi-
tions, and genotypemay influence toxicity effects, future stud-
ies are recommended to complement the present.
Nevertheless, according to the results of our study, the hema-
tologic evaluation is one of the simplest and least invasive
methods, allowing early detection of physiological changes
related to processes of environmental pollution. The changes
in their values, especially of those in the populations that live
in condition pollution, can be successfully used for prelimi-
nary general assessments of the ecological status of a water
body without any need of expensive and labor-intensive phys-
icochemical analyses; such could subsequently be applied to
provide a detailed assessment of environmental pollution
(Zhelev et al. 2016). In this regard, the immediate develop-
ment of management plans and monitoring for potential gen-
erators of toxic substances in urban aquatic environments is
needed to prevent long-term consequences in these ecosys-
tems, as well as to the health of society itself.

Acknowledgements Financial support was provided by SECyT-
UNRC (Grant PPI 18/C416) and FONCyT (Grant PICT 2012-0932).
We thank Consejo Nacional de Investigaciones Científicas y
Tecnológicas (CONICET)-Argentina for the fellowship that they granted
us and Rosie Morgan for the English editing service. The investigation
was conducted according to the state law BProtection and Conservation of
Wild Fauna^ (Argentina National Law No. 22.421). Our study was

authorized by Agencia Córdoba Ambiente (A.C.A.S.E.) and Secretaría
de Ambiente del Gobierno de Córdoba.

References

Addy K, Green L & Herron, E (2004) pH y Alcalinidad. Kingston:
Universidad de Rhode Island. 1-4

Arıkan H (2010) A study on the blood cells of the fire-bellied toad,
Bombina bombina L. (Anura: Bombinatoridae). Anim Biol 60:61–
68

Arıkan H, Çevik İE, Kaya U, Mermer A (2001) Erythrocytes measure-
ments on Anatolian mountain frogs. Anadolu Univ J Sci Technol—
A (AUJST-A) 2:387–391 (in Turkish)

Arserim SK, Mermer A (2008) Hematology of the Uludağ frog, Rana
macrocnemis Boulenger, 1885 in Uludağ National Park (Bursa,
Turkey). J Fish Aquat Sci 25:39–46

Atatür MK, Arikan H, Mermer A (1998) Erythrocyte sizes of some
Urodeles from Turkey. Turk J Zool 22:89–91

Attademo A, Peltzer P, Lajmanovich R (2005) Amphibians occurring in
soybean and implications for biological control in Argentina. Agric
Ecosyst Environ 106(4):389–394

Baraquet M, Grenat PR, Salas NE, Martino AL (2013) Intraspecific var-
iation in erythrocyte sizes among populations of Hypsiboas
cordobae (Anura: Hylidae). Acta Herpetol 8:93–97

Barni S, Boncompagni E, Grosso A, Bertone V, Freitas I, Fasola M,
Fenoglio C (2007) Evaluation ofRana esculenta blood cell response
to chemicals stressors in the environment during the larval and adult
phases. Aquat Toxicol 81:45–54

Bessman JD, Gilmer PR, Gardner FH (1979) Quantitative anisocytosis as
a discriminant between iron deficiency and thalassemia Minor.
Blood 53(2):288–293

Bionda CL, di Tada IE, Lajmanovich RC (2011) Composition of amphib-
ian assemblages in agroecosystems from the central region of
Argentina. Russ J Herpetol 18(2):93–98

Bionda C, Lajmanovich R, Salas N, Martino A, di Tada I (2013)
Population demographics of Rhinella arenarum (Anura:
Bufonidae) y Physalaemus biligonigerus (Anura: Leiuperidae) in
agroecosystems of the Province of Córdoba, Argentina. Rev Biol
Trop 61(3):1389–1400 (In Spanish)

Blaunstein AR, Han B, Relyea R, Johnson P, Buck J, Gervasi S, Kats L
(2011) The complexity of amphibian population declines: under-
standing the role of cofactors in driving amphibian losses. Ann N
YAcad Sci 1223:108–119

Blaustein AR, Bancroft BA (2007) Amphibian population declines: evo-
lutionary considerations. Bioscience 57:437–444

Cabagna MC, Lajmanovich RC, Stringhini G, Sanchez-Hernandez JC,
Peltzer PM (2005) Hematological parameters of health status in the
common toad Bufo arenarum in agroecosystems of Santa Fe
Province, Argentina. Appl Herpetol 2:373–380

Cabagna MC, Lajmanovich RC, Attedemo AM, Peltzer PM, Junges CM,
Biancucci GF, Bassó A (2011) Hematology and cytochemistry of
blood cells of Rhinella fernandezae (Anura: Bufonidae) in Espinal y
Delta-Islas of Paraná River, Argentine. Rev Biol Trop 59(1):17–28
(In Spanish)

Cajaraville MP, Bebianno MJ, Blasco J, Porte C, Sarasquete A, Viarengo
C (2000) The use of biomarkers to assess the impact of pollution in
coastal environments of the Iberian Peninsula: a practical approach.
In: Cajaraville MP (ed) Science of the Total Environment. Special
issue on towards an integrative approach in environmental contam-
ination and toxicology. Elsevier Science, Oxford, p 247, 295–311

Campbell TW (2004) Hematology of lower vertebrates. Department of
Clinical Sciences, College of Veterinary Medicine & Biomedical
Sciences, Colorado State University, Fort Collins

Environ Sci Pollut Res

Author's personal copy



Carvalho CS, Utsunomiya HSM, Pasquoto T, Lima R, Costa MJ,
Fernandes MN (2016) Blood cell responses and metallothionein in
the liver, kidney and muscles of bullfrog tadpoles, Lithobates
catesbeianus, following exposure to different metals. Environ
Pollut 1–8 doi:https://doi.org/10.1016/ j.envpol.2016.12.012

Chiesa ME, Rosenberg CE, Fink NE, Salibián A (2006) Serum protein
profile and blood cell counts in adult toads Bufo arenarum
(Amphibia: Anura: Bufonidae): effects of sublethal lead acetate.
Arch Environ Contam Toxicol 50:384–391

Coppo JA (2003) The internal medium of Bbullfrog^ (Rana catesbeiana,
Shaw 1802). Literature Review. Rev Vet 14:1

Dacie SJ, Lewis SM (1984) Practical haematology, eight. Churchill,
Edinburgh

Davis AK, Cook KC, Altizer S (2004) Leukocyte profiles in wild house
finches with and without mycoplasmal conjunctivitis, a recently
emerged bacterial disease. EcoHealth 1:362–373

Di Rienzo JA, Casanoves F, Balzarini MG, Gonzalez L, Tablada M,
Robledo CW (2012) InfoStat versión 2012. Grupo InfoStat, FCA.
Universidad Nacional de Córdoba, Ciudad de Córdoba. URL http://
www.infostat.com.ar

Doffo N (1989) Geomorfología del área urbana de la cuarta ciudad de Río
y la cuenca del arroyo El baño, algunas consideraciones aplicadas a
la gestión del medio ambiente natural. Trabajo final. Universidad
Nacional de Río Cuarto, Río Cuarto (In Spanish)

Goniakowska L (1973) Metabolism, resistance to hypotonic solutions,
and ultrastructure of erythrocytes of five amphibian species. Acta
Biol Crac Ser Zool 13:225–236

Hadji-Azimi I, Coosemans V, Canicatti C (1987) Atlas of adult Xenopus
laevis Laevis hematology. Dev Comp Immunol 11:807–874

JavedM, Usmani N (2012) Toxic effects of heavy metals (Cu, Ni, Fe, Co,
Mn, Cr, Zn) to the haematology ofMastacembelus armatus thriving
in Harduaganj reservoir, Aligarh, India. Glob J Med Res 12(8):1–8

Lajmanovich R, Peltzer P (2008) Plan de monitoreo ambiental para
estudiar el impacto del cultivo extensivo de arroz en el macrosistema
Iberá. Cátedra de Ecotoxicología. Facultad de Bioquímica y
Ciencias Biológicas. Universidad Nacional del Litoral-CONICET
(In Spanish)

Mancini M, Rodriguez C, Finola M, Basualdo C, Prosperi C (2000)
Mortandad de peces en un lago recreacional del Sur de Córdoba,
Argentina. Rev Aquatic 11:1–7 (In Spanish)

Mancini M, Crichigno S, Ortiz M, Haro JG (2012) Lagos urbanos:
importancia, dinamismo y multiplicidad de usos. El caso del lago
Villa Dálcar (Córdoba, Argentina). Biología acuática 27:175–189
(In Spanish)

Mclaughlin A, Mineau P (1995) The impact of agricultural practices on
biodiversity. Agric Ecosyst Environ 55:201–212

Medina MF, Gonzalez ME, Klyver SMR, Aybar Odstrcil IM (2016)
Histopathological and biochemical changes in the liver, kidney,
and blood of amphibians intoxicated with cadmium. Turk J Biol
40:229–238

Nöller HG (1959) Eine einfache technik der blutentnahme beim frosch.
Pflügers Arch Physiol 269:98–100 (In Germany)

Novoa M, Luque E, Lombardo D, de Fabricius A (2006) Estudio
ficológico de lagos urbanos artificiales del sur de la provincia de
córdoba. Bol Soc Argent Bot 41(3–4):203–231 (In Spanish)

Peltzer PM, Lajmanovich RC, Sánchez-Hernández JC, Cabagna M,
Attademo AM, Bassó A (2008) Effects of agricultural pond eutro-
phication on survival and health status of Scinax Nasicus tadpoles.
Ecotoxicol Environ Saf 70:185–197

Pollo FE, Salas NE,Mancini MA,Martino AL (2012) Comparative study
of the frequency of micronuclei and nuclear abnormalities in eryth-
rocytes three fish species. Acta Toxicol Argent 20(2):62–67

Pollo FE, Bionda CL, Salinas ZA, Salas NE, Martino AL (2015)
Common toad Rhinella arenarum (Hensel, 1867) and its importance
in assessing environmental health: test of micronuclei and nuclear
abnormalities in erythrocytes. Environ Monit Assess 187:581

Prieto Méndez J, González Ramírez CA, Gutiérrez ADR, Prieto García F
(2009) Plant contamination and phytotoxicity due to heavy metals
from soil and water. Trop Subtrop Agroecosyst 10:29–44

Priyadarshani S, Madhushani WAN, Jayawardena UA, Wickramasinghe
DD , Uda g ama PV ( 2 0 15 ) He a vy me t a l m ed i a t e d
immunomodulation of the Indian green frog Euphlyctis
hexadactylus (Anura: Ranidae) in urban wetlands. Ecotoxicol
Environ Saf 116:40–49

Salinas ZA (2012) Biomonitoreo en diferentes ambientes de la provincia
de Córdoba mediante el empleo de biomarcadores hematológicos en
Bufo arenarum. Trabajo final. Universidad Nacional de Río Cuarto,
Río Cuarto (In Spanish)

Salinas ZA, Salas NE, Baraquet M, Martino AL (2015) Biomarcadores
hematológicos del sapo común Bufo (Rhinella) arenarum en
ecosistemas alterados de la provincia de Córdoba. Acta Toxicol
Argent 23(1):25–35 (In Spanish)

Tok CV, Tosunoğlu M, Ayaz D, Çiçek K, Gül Ç (2009) Hematology of
the Lycian salamander, Lyciasalamandra fazilae. NW J Zool 5(2):
321–329

Varela ME, Sellares ME (1973a) About hematological morphology of
Bufo arenarum (Hensel). Rev Soc Argent Biol 13:351–361 (In
Spanish)

Varela ME, Sellares ME (1973b) Seasonal variations in the blood picture
of Bufo arenarum (Hensel). Rev Soc Argent Biol 13:412–416 (In
Spanish)

Wintrobe MM (1933) Variations in the size and hemoglobin content of
erythrocytes in the blood of various vertebrates. Folia Haematol 51:
32–49

Wojtaszek J, Adamowicz A (2003) Haematology of the fire-bellied toad,
Bombina bombina L. Comp Clin Pathol 12:129–134

Young B, Stuart S, Chanson J, Cox N, Boucher T (2004) Jewels are
disappearing: the status of amphibians in the new world. Nature
Serve, Arlington

Zhelev ZM (2007) Investigation on the blood differential formula inRana
ridibunda (Anura, Amphibia) from the area of the Maritsa-Iztok 1
steam power plant. Acta Zool Bulg 59(2):181–190

Zhelev ZM, Angelov MV, Mollov IA (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 Zool Bulg 58(2):235–244

Zhelev ZM, Mehterov NH, Popgeorgiev GS (2016) Seasonal changes of
basic erythrocyte-metric parameters in Pelophylax ridibundus
(Amphibia: Ranidae) from anthropogenically polluted biotopes in
southern Bulgaria and their role as bioindicators. Ecotoxicol
Environ Saf 124:406–417

Zhelev Z, Popgeorgiev G, Ivanov I, Boyadzhiev P (2017) Changes of
erythrocyte-metric parameters in Pelophylax ridibundus (Amphibia:
Anura: Ranidae) inhabiting water bodies with different types of
anthropogenic pollution in southern Bulgaria. Environ Sci Pollut
Res. https://doi.org/10.1007/s11356-017-9364-z

Environ Sci Pollut Res

Author's personal copy

http://doi.org/10.1016/%20j.envpol.2016.12.012
http://www.infostat.com.ar
http://www.infostat.com.ar
http://doi.org/10.1007/s11356-017-9364-z

	Morphology...
	Abstract
	Introduction
	Materials and methods
	Study areas
	Data collection
	Data analysis

	Results
	Cytomorphology
	Cytomorphometry

	Discussion
	References




