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Abstract Anthropogenic activitiesmay generate signif-
icant changes in the integrity of aquatic ecosystems, so
long-termmonitoring of populations that inhabit them is
crucial. Counting micronucleated erythrocytes (MN)
and erythrocytic nuclear abnormalities (ENA) in periph-
eral blood is a widely used method for detecting chro-
mosomal damage due to chemical agents in the water.
We analyzedMN and ENA frequency in blood obtained
from the common toad Rhinella arenarum populations
in sites with different degrees of environmental degra-
dation. The results of this study indicate that there is an
association between the frequency of micronuclei and
nuclear abnormalities and the degree of environmental
alteration recorded for the sites studied.
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Introduction

In recent years, several techniques have been developed
to assess the pollution from human activities. Evaluation
of environment quality, particularly in aquatic ecosys-
tems, has traditionally been based on physicochemical
measurements of water. Organisms in aquatic ecosys-
tems are usually exposed to mixtures of xenobiotics in
low concentrations, and it is difficult to predict adverse
effects when information is obtained exclusively from
chemical analyses (Quesada Garcia et al. 2013).
Therefore, the development of complementary monitor-
ing methods is a priority. The responses of populations
(e.g., longevity and natality) and communities (e.g.,
diversity and richness) are an alternative and a comple-
ment in the evaluation of environmental quality
(Lajmanovich and Peltzer 2008). In this sense, in addi-
tion to measurements of environmental variables, stud-
ies on population parameters such as recruitment, bio-
markers, feeding ecology (Cabagna et al. 2005; Peltzer
et al. 2008; Pollo et al. 2012; Bionda et al. 2013a, b),
species richness, and diversity (Peltzer et al. 2006;
Bionda et al. 2011b) are used as indicators of environ-
mental health.

Several organisms have been proposed as indicators
of environmental quality in aquatic ecosystems
(Carrasco et al. 1990; Mersch et al. 1996; Djomo et al.
2000; Young et al. 2004). Amphibians are sensitive
organisms appropriate for detecting genotoxic agents
and, therefore, indicators of environmental health due
to their permeable and moist skin and a complex life
cycle that alternate aquatic and terrestrial life stages
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(Young et al. 2004). Rhinella arenarum has a wide dis-
tribution in South America, including coastal environ-
ments, subtropicalor tropical forests, and rural or urban
areas. It has been assessed at Least Concern (LC) accord-
ing to IUCN Red List of Threatened Species (IUCN
2015). Adults normally congregate in large breeding
groups. Breeding occurs from mid-August until April
(Bionda et al. 2011a), inhabits in a wide range of habitats.
Previous studies have already reported possible negative
effects about this species in areas of intensive agriculture
(Bionda et al. 2011b, 2012b, 2013a; Babini et al. 2015).
In addition, feeding strategy and habitat preference
(Sanabria et al. 2007; Quiroga et al. 2009) as well as
the demographic life-history traits have been investigated
(Echeverría and Filipello 1990; Bionda et al. 2015).

Habitat loss, fragmentation and degradation as result
of urbanization (Hamer and McDonnell 2008), and ag-
ricultural expansion (Peltzer et al. 2003; de Sá 2005) are
some of the major threats to amphibian populations,
particularly in the central region of Argentina.

In the last decade, the use of biomarkers has been of
great interest in assessing the risk posed by a substance or
mixture of potentially toxic chemicals. It is considered an
appropriate tool to evaluate effects of exposure to xenobi-
otics on organisms, with the ultimate aim to relate cause
and effect (McCarthy and Shugart 1990). A study with
several anuran populations of Rhinella arenarum from
central Argentina showed a higher biomarker frequency
(micronucleus test) in populations that inhabit urban and
agricultural ponds, establishing a possible association be-
tween the biomarker frequency and the degree of environ-
mental contamination (Caraffa et al. 2013). The micronu-
cleus test, developed by Jaylet et al. (1986) for amphibians,
is one of the most commonly used tests in ecotoxicology
and has been applied as an indicator of DNA damage
(Machado da Rocha 2011). This test is simple, sensitive,
and obtains immediate results, making it in an easymethod
to examine genetic damage (Junín et al. 2008). In addition,
the early detection of contamination leads to prevention
and/or remediation (Livingstone 1993). According to the
results obtained by Caraffa et al. (2013), monitoring these
populations is necessary, especially considering that stud-
ies carried out on these same populations in the last decade
have revealed some deterioration of demographic, ecolog-
ical, and morphological features (Bionda et al. 2011a, b,
2012a, b, 2013a, b; Caraffa et al. 2013). Furthermore,
studies that include biomarkers are more reliable when
the diagnosis is made from several biomarkers. During
micronucleus analysis, some authors have observed the

occurrence of other nuclear abnormalities such as blebbed,
lobed, binucleated, and notched nuclei suggesting that they
must be taken into consideration as nuclear alterations (da
Silva Souza and Fontanetti 2006; Gökalp Muranli and
Güner 2011). These authors consider that abnormalities
are related to cell division, cell death processes and
genotoxicity, and/or mutagenicity of some xenobiotics.
Shimizu et al. (1998) and Baršienė et al. (2010) suggest
that micronuclei and binucleated cells are related to cell
division whereas the morphological nuclear abnormalities
may be related to DNA amplification.

Therefore, the aim of our study is to analyze Rhinella
arenarum populations from sites with different degrees of
environmental alteration under the observation of two
biomarkers, micronucleus test, and nuclear abnormalities.

Materials and methods

Study areas

The study area is located in the southwest region of the
province of Córdoba, Argentina (Fig. 1). Rhinella
arenarum populations were sampled in four sites with
different degrees of environmental change. The sampling
sites were selected based on previous studies on changes in
population features of different amphibian species (Bionda
et al. 2011a, b, 2012a, b, 2013a, b) and fish (Pollo et al.
2012), possibly because of environmental alteration pro-
duced by agricultural and anthropogenic activities.

The first site, Villa Dalcar Lake (VD: 33° 05′ S, 64°
26′ W, 467 m a.s.l.), is an urban aquatic system located
in Río Cuarto city, which serves as an important location
for fishing and recreation (Mancini et al. 2012). Several
studies had been conducted in this sampling site, due to
multiple fish mass mortality events recorded in this lake
(Mancini et al. 2000), as well as unusual algae growth
(Novoa et al. 2006).

The second site was an agricultural land (AG: 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) and
permanent and temporary ponds used intensively for
cattle grazing. During the study period, these ponds
were surrounded by soybean crop.

The third site was a pond called Charca de las Brujas
(CB: 33° 06′ S, 64° 25′W, 465 m a.s.l.), not affected by
crops or livestock, near to a protected natural area, the
native forest El Espinal, located in Universidad
Nacional de Río Cuarto Campus, considered a semi-
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modified environment. This is an area with permanent
and temporary ponds, and a small strip of forest sur-
rounding the ponds with grasslands and forest forma-
tions of native and non-native trees (Doffo 1989).

The fourth site, Alpa Corral (AC: 32° 42′ S, 64° 42′
W, 880 m a.s.l.), is a mountain area, Sierra de
Comechingones, dominated by vegetation characteristic
of the highland forest and not affected by crops or
livestock.

We therefore chose sites along a gradient, with Villa
Dalcar Lake (VD) and the agricultural site (AG) serving
as areas with high levels of degradation due to urbani-
zation, grazing, and cropland, respectively, and Charca
de las Brujas (CB) and Alpa Corral (AC) as sites with
low levels of alteration.

Data collection

We sampled all four sites in October 2011. In each site,
15–20 adult individuals were captured by hand. To each

individual were recorded: snout-vent length (SVL) and
weight (W) using a digital caliper Mahr 16 (0.01 mm)
and an Ohaus digital balance (0.01 g). The sex was
determined according to external secondary sexual char-
acters such as vocal sacs, nuptial pads, and coloration, as
males are brownish or greenish on the back and females
a grayish or light brown (Duellman and Trueb 1994).

The blood sample was obtained by angularis vein
puncture without sacrificing specimens (Nöller 1959).
Peripheral blood smears for each individual were pre-
pared on clean slides, fixed and stained by the May
Grünwald-Giemsa method (Dacie and Lewis 1995).

A total of about 2000 erythrocytes were examined
per animal under the light microscope Zeiss Axiophot-
Axiolab with ×100 objective oil immersion. The criteria
for identification of micronuclei (MN) were chosen
according to Fenech (2000), and for erythrocytic nuclear
abnormalities (ENA) following da Silva Souza and
Fontanetti (2006) and Pollo et al. (2012). MN and
ENA frequency were calculated as follows:

MN or ENA ¼ number of cells containingMN or ENA=total number of cellscounted� 1000

On each visit, we recorded different habitat variables:
water temperature (with standard thermometer; uC),
water pH, electrical conductivity, total dissolved solids
and salinity, with digital equipment 35-Series 35425–10
Multiparameter Tests.

Data analysis

Significant differences between sites for SVL and
weight were analyzed using ANOVA. A posteriori

paired comparison test between sites was performed.
The non-parametric Kruskal-Wallis statistical test (Zar
1999) was used to assess differences of MN and ENA
frequency between sites, and a Mann–Whitney test to
compare sexes. In addition, a simple regression analysis
between MN and ENA frequency versus sex was ap-
plied to each site (independent variable: sex; dependent
variable: frequency of MN and ENA). InfoStat software
was used for data analysis (Di Rienzo et al. 2012). The
criterion for significance was p<0.05.

Fig. 1 Location of sampling sites
in the province of Córdoba,
Argentina. VD Villa Dalcar Lake,
AG agricultural land, CB Charca
de las Brujas, AC Alpa Corral
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Results

Mature erythrocytes of R. arenarum have an oval
shape with a centric nucleus. The nucleus is clear-
ly structured and has a well-defined boundary,
which facilitates the identification of fragments in
their cytoplasm (Fig. 2). We identified the maxi-
mum micronuclei per cell and cells with nuclear
abnormalities such as binucleate cells, or notched,
bud and lobed nucleus (Fig. 2).

Using the Mann–Whitney test, it was observed
that MN frequency showed no significant differences
between sexes in any of the sampling sites (p>0.05
in all sites). Consequently, for the subsequent analy-
ses, we combined males and females per site. It is
important to note that males in all sites, except AC
showed a higher mean MN frequency than females
(VD: male=0.65±0.82, female=0.34±0.41; AG:
male=0.49±0.4, female=0.39±0.42; CB: male=0.25

±0.35, female=0.08±0.2; AC: male=0.03±0.06, fe-
male=0.14±0.24).

Table 1 shows means and standard deviations re-
corded for MN frequency and ENA in each of the
study sites. Significant differences in MN frequency
among sites were found (Kruskal-Wallis, p=0.0227),
with the lowest frequency recorded for AC, followed
by CB. AG and VD record the highest micronucleus
frequencies.

The ENA frequency showed no statistically signifi-
cant difference between sexes for sites studied
(p>0.05). Analyzing the complete sample, AC showed
the lowest average frequency for all registered nuclear
abnormalities (Table 1).

A posteriori test was conducted to identify differ-
ences between sites for MN and ENA frequency. AC
differed from other sites for bud and notched abnormal-
ities, while CB and AC differed for micronuclei number
(Table 1).

Fig. 2 Erythrocytes in peripheral
blood of R. arenarum: a
micronuclei, b lobed nuclei, c
binucleated, d notched nuclei, and
e bud nuclei. May Grünwald-
Giemsa, magnification ×1000
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The simple regression analysis between micronuclei
and abnormalities versus sex was not significant
(p>0.05, in all cases).

Average values in the SVL and weight of males and
females are shown in Table 2. Females not showed
significant differences between sites for SVL (F3,24=
2.3, p=0.10), whiles males if (F3,38=11.14, p<0.001).
Weight females (F3,24=4.27, p<0.05) and males
(F3,38=6.61, p<0.01) were different among sites.

Table 3 shows values of the habitat variables. AC site
presents the lowest values for salinity, electrical

conductivity, and solids dissolved, while the highest
values were recorded in VD.

Discussion

Our results showed that there is an association between
MN and ENA frequency and degree of environmental
alteration recorded for the sites studied. Populations of
amphibians that inhabit disturbed ecosystems (VD and
AG) exhibited higher MN and ENA frequency than
those from less disturbed habitats (CB and AC), and
those proposed as basal value for the species
R. arenarum (0.30±0.09) (Bosch et al. 2011).

The origin of micronuclei has been extensively stud-
ied, and two possible causes have been recognized: (1) a
genotoxic agent generates DNA lesions (Fenech 2000;
Zalacain et al. 2005; Prieto García et al. 2007) or (2)
excess material causes genomic instability, and is then
removed from the main nucleus through the MN forma-
tion (Prieto García et al. 2007). However, the mecha-
nisms underlying ENA formation have not been fully
explained yet (Çavaş and Ergene-Gözükara 2003; da
Silva Souza and Fontanetti 2006). Several authors have
considered using nuclear abnormalities as indicators of
genotoxic damage (Ayylon and Garcia-Vazquez 2000;
Bombail et al. 2001; Çavaş and Ergene-Gözükara 2003;
da Silva Souza and Fontanetti 2006; Prieto García et al.
2007), while others consider them to be results of

Table 1 Mean (± SD) frequency of micronuclei and abnormalities in erythrocytes of Rhinella arenarum in each site studied

Site n ‰ MN ‰ Notched ‰ Binucleated ‰ Bud ‰ Lobed

VD ♂ 10 0.65±0.82 5.15±2.74 0.25±0.42 0.35±0.47 4.35±3.31

♀ 10 0.35±0.41 6.76±07.23 0.30±0.74 1.13±1.27 6.71±5.54

♂+♀ 20 0.50±0.65 b 6.70±7.23 b 0.28±0.74 1.14±1.27 ª b 6.66±5.54 b

AG ♂ 10 0.49±0.40 5.04±5.24 0.0±0.0 0.31±0.35 3.14±1.88

♀ 5 0.39±0.42 10.0±4.22 0.10±0.22 0.39±0.89 5.49±2.91

♂+♀ 15 0.49±0.40 b 10.02±4.22 b 0.10±0.22 0.39±0.86 ª b 5.50±2.91 b

CB ♂ 10 0.28±0.35 2.44±1.49 0.0±0.0 0.11±0.21 1.89±1.42

♀ 6 0.10±0.2 5.00±2.3 0.0±0.0 0.1±0.2 4.0±1.0

♂+♀ 16 0.19±0.31 ª 5.06±2.33 b 0.0±0.0 0.08±0.20ª b 3.95±0.96 b

AC ♂ 10 0.20±0.06 2.79±1.95 0.15±0.27 0.40±0.64 1.77±1.36

♀ 7 0.14±0.24 1.90±1.84 0.0±0.0 0.07±0.19 1.55±0.79

♂+♀ 17 0.07±0.17 ª 1.91±1.84 ª 0.0±0.0 0.07±0.19 ª 1.55±0.79 ª

Means with common letter are not significantly different (p>0.05)

VD Villa Dalcar Lake, AG agricultural land, CB Charco de las Brujas, AC Alpa Corral, n sample size, ‰ frequency thousand, ♂ male, ♀
female, ♂+♀ entire population

Table 2 Means values (± DE) of the total length (SVL) and
weight (W) of R. arenarum

Site Sex SVL W

VD ♀ 98.52±12.33 a 107.40±41.01 a

♂ 93.68±6.87 a 76.58±17.69 a

AG ♀ 104.80±3.85 a 165.60±62.54 b

♂ 99.25±8.23 b 93.20±23.97 b

AC ♀ 92.87±11.01 a 80.29±21.28 a

♂ 91.14±4.16 a 70.10±13.89 a

CB ♀ 108.71±14.99 a 152.00±65.08 b

♂ 106.88±6.74 c 104.20±20.69 b

Means with common letter are not significantly different (p>0.05)

VD Villa Dalcar Lake, AG agricultural land, CB Charco de las
Brujas, AC Alpa Corral, ♂ male, ♀ female
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cytotoxic damage (Çavaş and Ergene-Gözükara 2003;
Lajmanovich et al. 2014). da Silva Souza and Fontanetti
(2006) and Lajmanovich et al. (2014) indicated that
ENA are directly associated with genomic instability
and represent a way to remove any amplified genetic
material in the cell.

Some authors attribute development of nuclear buds
to DNA amplification or polyploidization; the abnor-
mality removes excess DNA with a subsequent MN
formation (Fenech and Crott 2002; Prieto García et al.
2007). Lajmanovich et al. (2014) suggested that for-
mation of erythrocytes with bilobed nuclei and
anucleated to increase in situations of stress (e.g.,
diet alterations, pathology, and metabolic damage).
However, the exact mechanism of formation of other
abnormalities such as notched and lobed nuclei is
unknown.

Often, it is difficult to have basal values of MN and
ENA frequencies for wildlife. Therefore, simultaneous-
ly as controls, samples from different species are col-
lected at nature reserves or sites not impacted by human
activity. Furthermore, the incorporation of reference
sites is due to the fact that results obtained under labo-
ratory conditions do not always coincide with those
obtained in natural conditions. Consequently, in situ
studies provide a more realistic understanding, as many
toxic compounds interact with environmental factors to
generate additive or synergistic, or alter the conditions
generating indirect effects in the ecosystem (Tsui and
Chu 2003; Chen et al. 2004; Agostini 2013). Moreover,
in situ studies consider environmental phenomena such
as bioavailability or bioaccumulation (Djomo et al.
2000). It is worth mentioning that the reference sites
(AC and CB) recorded the lowest frequency of
micronuclei and nuclear abnormalities, even lower than
the basal values considered for the species.

VD is an urban lake surrounded by residences, with
frequent problems of eutrophication. Its watershed sump

has historically supported varied agricultural activities.
Furthermore, the presence of several car salvage yards
near the lake represents potential revenue of toxic sub-
stances. Studies in the last decade indicate a high degree
of environmental degradation of this urban lake, raising
serious questions about management and use as a recre-
ational area and fishing site. Among these records, algal
blooms are evidence of excessive addition of nutrients
(Novoa et al. 2006); more than ten cases of fish kills
have been documented in recent years (Mancini et al.
2012); a high frequency of morphological abnormalities
in R. arenarum is present (Bionda et al. 2012a); and
genotoxic damage in populations of R. arenarum
(Caraffa et al. 2013) and fishes (Pollo et al. 2012) are
evident.

The AG site was another environment which record-
ed high values of micronuclei. A recent study by Caraffa
et al. (2013) with these same populations also showed a
high frequency of micronuclei, attributed to the degree
of environmental damage at this site because of its
immersion in a cropland matrix. Other studies conduct-
ed in populations of R. arenarum and other anuran
species that inhabit this site have indicated modifica-
tions or alterations to demographic and ecological fea-
tures, possibly attributed to the degree of environmental
alteration in this agricultural area (Bionda et al. 2011b,
2012a, b, 2013a, b). In our study, in addition to MN
frequency, ENAwere high for this site. Agriculture and
livestock practice is the main commercial activity in the
region (Pengue 2005; Rossi 2006), and therefore con-
sidered one of the main causes of deterioration and loss
of natural habitat. In this context, some studies have
indicated that agroecosystems could represent inhospi-
table habitats for anuran populations (Carey and Bryant
1995; Taylor et al. 2005; Peltzer et al. 2008; Bionda
et al. 2013a, b; Babini et al. 2015) particularly those with
intensive practice characteristic of soybean crops in the
central region of Argentina.

Table 3 Habitat variables registered at the sampling sites

Water temperature (°C) Salinity (ppm) pH Electrical conductivity (μS/cm) Solids dissolved (ppm)

VD 15.50±1.84 446.50±0.71 9.8±0.04 923.50±4.95 655.50±4.95

AG 22.3±5.36 396.67±168.11 8.94±0.34 886.0±254.64 627.3±178.13

AC 16.65±0.35 62.05±1.34 8.80±0.62 127.70±0.85 91.70±0.71

CB 14.95±0.21 114.50±2.12 7.95±0.13 243.50±3.54 172.50±3.54

Data is expressed as mean±DE

VD Lake Villa Dalcar, AG agricultural land, CB Charca de las Brujas, AC Alpa Corral
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Among the environmental variables analyzed for this
study, values for conductivity, salinity, and dissolved
solids were higher for VD and AG sites than other sites.
Consequently, pH differed among sites, with VD show-
ing the most basic values, followed by AG. The toxicity
levels of many pollutants depend primarily on pH, in
addition to the temperature (Cairns et al. 1975; Boyd
1984; Hoffman et al. 2003). Therefore, acid and alkaline
stress—values outside the normal pH range of 6.3 to 7.7
(García and Fontúrbel 2003)—can cause a genetic dis-
order in some species of amphibian (Pough and Wilson
1977). Water quality of the ponds was lower at VD and
AG; these results are consistent with expectations based
on modification levels previously proposed for these
sampling sites.

Finally, considering that R. arenarum is widely dis-
tributed in South America and common in all ecosys-
tems, natural or altered, the results obtained in this work
are readily transferable to other regions or environments.
Since MN and ENA frequency was higher in sites with
greater environmental perturbation, we confirmed that
these biomarkers are reliable indicators of the environ-
mental health and R. arenarum is a true environmental
sentinel. Finally, further studies, including other parame-
ters or biomarkers can demonstrate the effects of expo-
sure to anthropogenic activity in these organisms.
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