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Abstract
Ex-situ conservation at zoos requires strategies regarding improvements to enclosures, as ex-situ conserved specimens constitute
an effective reservoir for genetic and biological restoration. The present study focuses on the management of enclosures at
zoos and offering an accurate, fast and inexpensive procedure for ex-situ conservation through the assessment of the degree
of genome damage (micronuclei) in different bird and mammal species. Analyses of variance revealed statistically significant
differences in both bird and mammal species, in comparison to their reference groups. All bird species and Tapirus terrestris
had high proportional micronucleus indexes, indicating high susceptibility to genome damage through contact with polluted
water from the river used to supply the enclosures. Recognizing the relationship between water quality (evaluated at entry and
exit of water in the zoo) and habitat deterioration as well as individual responses to these factors in terms of genotoxicity make
efforts directed at ex-situ conservation an urgent priority.
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Introduction
Currently, there is widespread concern regarding biodiversity
and the main threats to this diversity stem from human
activities. Contact with pollution affects air and water quality
as well as the global climate. Pollution is a major cause of
concern worldwide (Primack & Rodrigues 2001). Nations
are faced with environment contamination as a consequence
of exposure to toxic waste and polluted air, water and food
pollution as well as pollutants from disasters (Peres 2005).
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Water pollution has negative consequences for all organisms.
Rivers, lakes and oceans are frequently used as dumping
grounds for industrial and residential waste. Even at low
concentrations, lethal amounts of toxic chemicals can be
absorbed by the aquatic organisms that filter large volumes of
water. Mammal and bird species that feed on these filtering
organisms are exposed to more concentrated levels of toxic
elements (Primack & Rodrigues 2001; Baptista-Neto et al.
2008). The best strategy for mitigating the effects of pollution
is the constant monitoring of the populations in the wild
or in artificial environments, such as zoological parks
(Primack & Rodrigues 2001).
Zoos around the world have started acting in a conservation
fashion through breeding in captivity, environmental
education and zoological research. In of research terms,
great improvement has been achieved in preserving genetic
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diversity from endogamy (Laikre 1999). Such an approach
consists of the use of genetic analyses for species preservation
focused on faunistic restoration capable of responding to
environmental transformations and minimizing the risk
of extinction (Frankham et al. 2002). Effective population
size is one of the main concerns in population biology. The
genetic diversity of a species is extremely threatened when
its effective population size is reduced, especially when
the biota is submitted to rapid, unusual changes in the
environment (Primack & Rodrigues 2001; Frankham et al.
2002). This is the most traditional situation of populations
at zoos and provides the conditions for the loss of reservoirs
of biological diversity in terms of genetic variation.

Two groups of species were studied separately using the
micronucleus test. The choice of species for analysis was
based on the criterion of enclosure location in relation
to the entry, circulation and exiting of water used. Four
bird (Amazona brasiliensis, Cygnus atratus, Dendrocygna
viduata, and Netta peposaca) and mammal (Cebus apella,
Lama glama, Mazama gouazoubira, and Tapirus terrestris)
species were analyzed. Blood samples were obtained from
four specimens of each species and the smears were stained
with a 100% Giemsa solution for four to eight minutes.
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Considering the importance of constant monitoring,
genotoxic studies provide fast, accurate, inexpensive
procedures for determining responses to putative
contaminations. Such studies allow evaluating the effect
of substances on cells, tissues and organs and deducing the
causes and effects of metabolic disturbances (Padrangi et al.
1995; Adam et al. 2005; Ergene et al. 2007; Adam et al. 2010).
Despite of its widespread use in the evaluation of
contaminants, the micronucleus test has received minimal
attention in genotoxic evaluations of in-situ and ex-situ
conservation issues (Meier et al. 1999). Two seminal
studies have been carried out on captive species (domestic)
in order to evaluate putative DNA damage (micronuclei
frequency) through intense medicinal administrations
(Cristaldi et al. 2004; Adam et al. 2005). The micronucleus
test is able to demonstrate chromatin loss as a consequence
of chromosome damage throughout the mitotic phases.
Such damage gives rise to fragments of genetic material
on basal levels through the mechanical effects of mitosis in
which damaged cells are eliminated (Kirsh-Volders 1997).
In counterpart, an increased frequency of micronucleated
cells suggests the effect of some unusual environmental
component on normal physiology, thereby decreasing
adaptation to fast, drastic changes in natural or artificial
environments (Padrangi et al. 1995).
The aim of the our study was to determine the frequency
of micronuclei in different captive species submitted to
polluted water from the Iguaçu River (Curitiba/Brazil)
on a daily basis. Such approach can be addressed to the
management of captive environments at zoos and offer an
accurate, fast, inexpensive procedure for ex-situ conservation.
Additionally, microbiological analyses were carried out
in order to determine possible associations between the
frequency of micronuclei and putative fecal contamination.

Material and Methods
We conducted our study in the Zoological Park located in
the metropolitan area of Curitiba (Paraná - Brazil) near
the Iguaçu River. The zoo uses water from the river and
other water springs to supply the enclosures. Iguaçu River
in the study area is frequently affected by urban pollution.

The frequency of micronuclei was determined by analyzing
three thousand cells per specimen. Frequencies were
compared by using one-way analysis of variance (ANOVA)
with specific basal and normal-like frequency (control
value) of micronuclei found in the literature, according
to Zúñiga et al. (1996) and Zúñiga-González et al. 2000;
2001. The criteria used for defining the reference groups
were the close phylogenetic relationships and shared or at
least similar habits regarding feeding, behavior, metabolism
and habitat.
The data were log-transformed and homocedasticity was
tested using Bartlett’s test. The data were also analyzed using
the Kruskal-Wallis test (non-parametric ANOVA) when
variance was non-homogeneous (p < 5%). The detection of
differential genotoxic impact on the species analyzed was
carried out by comparing the mean number of micronuclei
in the study group and control group of the species studied.
Water quality was determined using microbiological
procedures, following the current guidelines of CONAMA
(2005) (Brazilian Environmental Council) 357/05 class 3
(>1,000 Nmp/100 mL). Water was sampled from the water
entry and exit sites of the Iguaçu River in the Zoo. The
water circulating within the entire set of the enclosures
was also analyzed.

Results
There was a varying frequency of micronuclei in both
inter-species and intra-species terms among the bird and
mammal species (Table 1). The number of micronuclei in
the mammal species ranged from 14 to 86 in Cebus apella,
from 20 to 52 in Lama glama, from 17 to 32 in Mazama
gouazoubira, and from 15 to 93 in Tapirus terrestris. Among
the bird species, the number of micronuclei ranged from
34 to 56 in Amazona brasiliensis, from 3 to 31 in Cygnus
atratus, from 5 to 18 in Dendrocygna viduata, and from
5 to 50 in Netta peposaca. ANOVA comparisons with the
control groups revealed statistically significant differences
for all species (Table 2).
The proportional micronucleus indexes among the species
(compared to control) revealed the following decreasing
order of proportion for bird species: Amazona brasiliensis
(149.01 and 95.97), Netta peposaca (131.66), Cygnus atratus
(85.0) and Dendrocygna viduata (78.33). Among the mammal
species, the following decreasing order of proportion was
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Table 1. Number of normal and micronucleated cells, media of micronucleated cells and frequencies of micronucleated cells in bird
and mammal species studied.

NC

MNC

F

Mammal species

NC

MNC

F

Amazona brasiliensis
Amazona brasiliensis
Amazona brasiliensis
Amazona brasiliensis
Mean

Bird species

2,966
2,960
2,944
2,965

34
40
56
35
41.25

34
40
56
35
41.25

Cebus apella
Cebus apella
Cebus apella
Cebus apella
Mean

2,960
2,914
2,986
2,890

40
86
14
15
38.75

0.013
0.029
0.005
0.005

Cygnus atratus
Cygnus atratus
Cygnus atratus
Cygnus atratus
Mean

2,969
2,995
2,997
2,988

31
5
3
12
12.75

31
5
3
12
12.75

Lama glama
Lama glama
Lama glama
Lama glama
Mean

2,980
3,060
2,972
2,948

20
44
34
52
37.5

0.007
0.014
0.011
0.017

Dendrocygna viduata
Dendrocygna viduata
Dendrocygna viduata
Dendrocygna viduata
Mean

2,992
2,995
2,984
2,982

8
5
16
18
11.75

8
5
16
18
11.75

Mazama gouazoubira
Mazama gouazoubira
Mazama gouazoubira
Mazama gouazoubira
Mean

973
983
1,000
2,979

27
17
32
21
24.2

0.027
0.017
0.031
0.007

Netta peposaca
Netta peposaca
Netta peposaca
Netta peposaca
Mean
Total

2,950
2,995
2,992
1,984

50
5
8
16
19.75
342

50
5
8
16
19.75
342

Tapirus terrestris
Tapirus terrestris
Tapirus terrestris
Tapirus terrestris
Mean

2,954
2,907
2,949
3,080

51
93
51
15
52.5
612

0.017
0.031
0.017
0.004

46,658

41,535

0.014

NC - normal cells; MNC - micronucleated cells; F - Frequency.

Table 2. ANOVA results on number of micronuclei in bird and
mammal species studied and those reported by Zúñiga et al.
(1996) and Zúñiga-González et al. (2000; 2001).

Species
Birds
Amazona brasiliensis × Amazona sp.
Amazona brasiliensis × Amazona finchi
Cygnus atratus × Dendrocygna viduata × Netta
peposaca × Cygnus sp.
Mammals
Cebus apella × Cebus sp.
Lama glama × Lama glama glama
Mazama gouazoubira × Odocolleus virginianus
Tapirus terrestris × Equus asinus
Tapirus terrestris × Equus caballus

P
0.001
0.002
0.009

0.002
0.009
0.001
>0.001
>0.001

detected: Tapirus terrestris (122.09 and 109.37), Lama glama
(50.0), Mazama gouazoubira (14.43) and Cebus apella
(6.03). The entire set of species analyzed had the following
decreasing order of proportion of micronuclei: Amazona
brasiliensis, Netta peposaca, Tapirus terrestris, Cygnus atratus,
Dendrocygna viduata, Lama glama, Mazama gouazoubira
and Cebus apella. Table 3 displays the mean micronucleus
values and the respective proportional micronucleus indexes.

The microbiological analyzes (based on CONAMA 375/05
class 3 (2005)) revealed fecal and total coliform values above
1,000 NMP/100 mL in water entering the zoo (Table 4).
Conversely, fecal and total coliform values (700 nmp/100 mL
and 1,100 nmp/100 mL, respectively) for the water exiting
the zoo were similar to those permitted by CONAMA
(2005) (Table 4).

Discussion
A number of studies have been carried out for a better
understanding of the role chemical substances play in
ecosystems as well as how and where they occur in the
environment, their interactions, effects on the biota and
duration in the environment (Ferraro et al. 2004). However,
little attention has been given to chemical substances and
their effect on the quality of enclosure environments at
zoos, which are home to many rare and often threatened
animal species.
At the Curitiba Zoo, the greatest threat comes from the
use of water from the Iguaçu River to supply enclosures,
considering the known pollution of the river in the region.
The microbiological analyses carried out at the water entry
and exit points in the zoo detected the presence of total
and fecal coliforms (Table 4). Sewage and the accumulation
of rainwater are considered indications of chemical and/
or biological pollution (Ambrozevicius & Abessa 2008).
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Table 3. Mean number of micronuclei and proportional micronuclei indexes for the species studied in comparison to reference groups.

Mean number of
micronuclei
(control group)

Mean number of
micronuclei
(study group)

Index of
proportionality

Amazona brasiliensis × Amazona sp.
Amazona brasiliensis × Amazona finchi
Cygnus atratus × Cygnus sp.
Dendrocygna viduata × Cygnus sp.
Netta peposaca × Cygnus sp.

0.28
0.435
0.15
0.15
0.15

41.25
41.25
12.75
11.75
19.75

147.32
94.82
85.0
78.33
131.66

Cebus apella × Cebus sp.
Lama glama × Lama glama glama
Mazama gouazoubira × Odocolleus virginianus
Tapirus terrestris × Equus asinus
Tapirus terrestris × Equus caballus

6.42
0.75
1.68
0.48
0.43

38.75
37.5
24.25
52.5
52.5

6.03
50.0
14.43
109.37
122.09

Species
(studied group × control group)

Table 4. Microbiological analyses based on CONAMA 357/05
(2005) class 3 at water entry and exit sites in the zoo.

Locations of
water sampling

Fecal

Coliforms

Entry
Exit

1,700 nmp/100 mL
700 nmp/100 mL

Total

7,000 nmp/100 mL
1,100 nmp/100 mL

The occurrence of lesser concentrations of coliforms at the
water exit point may be explained by possible dilution of
the water in the zoo by some additional source of water,
such as the stream water springs flowing through the
area. This notion is further supported by the results of
micronucleus frequencies in the mammal and bird species
analyzed, as higher proportions of micronuclei were found
in species in enclosures nearer to the entrance point of
water from the Iguaçu River (Table 4). The exception was
Amazona brasiliensis, which had the highest proportional
micronucleus indexes. Thus, the occurrence of a possible
genotoxic gradient is suggested in the distribution of the
enclosures, possibly mediated by the distance from the
point of water capture. This hypothesis is supported by
the statistical significance obtained with ANOVA (Table 2)
and by the proportional micronucleus indexes (Table 3).
The enclosure for Cebus apella seems to be the one with
the best water conditions, as this species had the lowest
index of proportional micronucleated cells (Table 3). This
circumstance may also be a consequence of additional water
apart from the Iguaçu River diluting possible genotoxic
agents. However, the statistical significance of the frequency
of micronucleated cells does not discard a positive genotoxic
status of the species.
The results for Cebus apella indicate additional important
evidence regarding the management of enclosures in terms
of their location and the ongoing genotoxicity in the species.
The Cebus apella control group had one of the higher basal
frequencies of micronucleated cells (Table 3). This classifies
Cebus apella as possibly the most susceptible to genotoxic

impact among the species studied. Thus, placing more
sensitive species in locations in which genotoxic agents
are diluted may be a positive conduct in terms of the
ex-situ conservation of the species. Despite its proximity
to the water capture point, the enclosure for Dendrocygna
viduata also seems to be well located, as demonstrated
by the lowest proportional micronucleus indexes among
bird species, which suggests high tolerance to genotoxic
conditions. Thus, placing more tolerant species in locations
with high harboring of genotoxic agents may also be a
positive conduct in terms of the ex-situ conservation of
such species. However, considering the positive genotoxic
status of the species, water quality in the enclosures should
not be overlooked.
In both cases, the differences in genotoxic responses may
reside in the inherent biology of these species submitted to
similar selective pressure (Zúñiga et al. 1996; Meier et al.
1999; Ferraro et al. 2004; Newman 2001). Analyzing the
expression of micronucleated cells in intra-species terms,
Mazama gouazoubira achieved the lowest mean values
of micronucleated cells (Tables 1 and 3), which may be
related to the low metabolic rate of the species in artificial
environments. Low metabolic rate seems to be related to
a low mitotic index and low expression of micronucleated
cells. The other mammal species analyzed exhibit an
evident active behavior in artificial environments (personal
observations from veterinarians), suggesting a high mitotic
index and a high mean number of micronuclei (Tables 1
and 3). Such a result could be the consequence of an
increase in metabolic oxiradicals caused by high metabolic
rates. Inherent metabolic rates on the individual or species
level may result in a different expression of micronuclei
(Meier et al. 1999). Further evidence for such a hypothesis
is found in the different micronucleus frequencies in the
peripheral blood samples among 35 different mammal
species (Zúñiga et al. 1996).
A close evolutionary relationship between cell morphology
and physiology may predict similar cell responses (Withers
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1992; Willmer et al. 2009). For instance, substances that
induce the formation of micronuclei in mammals may not
do the same in birds. Moreover, differences in the genetic/
biochemical pool of the DNA repair system may be decisive
in the expression of micronuclei (Newman 2001). These
aspects may explain the inter-specific variability in the
frequency of micronuclei between both biological groups
analyzed.
Bird species had higher proportional micronucleus indexes
(Table 3) than mammal species, with exception of Tapirus
terrestris. This suggests a more intensive genotoxic response
in species associated to aquatic environments, as in the cases
of Netta peposaca, Cygnus atrattus, Dendrocygna viduata
and Tapirus terrestris (Table 3). These species were therefore
more susceptible to genotoxic agents from the Iguaçu River.
It is recommended that the enclosures for aquatic bird
and mammal species be located farther from the point of
water entry and/or the use of alternative water supplies in
order to minimize genotoxic effects. Studies should also be
carried out on cellular kinetics in the erythrocytes of birds
and mechanisms regarding the exclusion of micronucleated
cells in the blood of both biological groups. According to
Meier et al. (1999) and Grisolia and Cordeiro (2000), low
frequencies of micronucleated erythrocytes may be an
indication of their removal from the circulating blood by
the spleen. Such studies would be important in terms of a
better identification of more susceptible species as well as
more effective bioindication.
Environmental pollution increases the incidence of
mutations in populations. Although it is difficult to
predict the consequences of such mutations, the changes
in the gene pool due to genotoxic stress might affect the
fitness of individuals and entire populations (Bol’shakov &
Moiseenko 2009; Bickham 2011). According to Mulvey and
Diamond (1991), individuals with good biological fitness
in polluted environments may be sufficiently heterozygous.
Heterozygosity or genetic variability is the main biological
component to be preserved (Moritz 2002). As many species
found at zoos are endangered, the determination of their
genotoxic status should be a mandatory routine at zoos
around the world in order to improve quality of life in
captivity. The high number of micronucleated cells observed
in the present study demonstrated the need for improving
the quality of the enclosures at the Curitiba Zoo in terms
of the provisioning of water. Such measures would be very
important because these animals are frequently candidates
for captive breeding. While the animals analysed herein
showed a genetic instability in their genomes, it might be
related to their morbity and their resulting exclusion from
breeding programs. In addition the genotoxicity observed
in the somatic cells from the species studied herein suggest
a possible similar phenomenon occuring at their gametes.
Abormal germ cells normally lead to heritable mutations,
embryonic death or at least anatomical/morphological
abnormalities in the offsspring (Bol’shakov & Moiseenko
2009). Therefore such reasoning indicates some of the

detrimental aspects regarding successful programs of
biodiversty preservation at Zoos.
The species Amazona brasiliensis needs particular attention,
as its inclusion in the study was based on the fact that its
enclosure does not receive water from the Iguaçu River and
it could therefore be used as a control group for the analyses.
Surprisingly, analysis revealed considerable genome damage
(Tables 1, 2 and 3), suggesting an additional genotoxic agent
affecting the species, such as stress. This phenomenon
has been indicated as a powerful cause of genotoxicity
(Fischman et al. 1996; Adam et al. 2011). Evidence of the
genotoxic effect of stress in Amazona brasiliensis was found
in the fact that specimens were found pulling out their
abdominal feathers. These results further reinforce the
role of zoos as institutions responsible for the maintenance
of breeding colonies of rare and endangered species for
captive breeding programs (Primack & Rodrigues 2001)
and efforts should be directed at the maintenance of the
genome stability for the success of such programs.
Therefore, recognizing the relationship between water quality
and habitat deterioration as well as individual responses to
these factors in terms of genotoxicity make efforts directed
at ex-situ conservation an urgent priority. The results of the
present study demonstrate such reasoning with regard to the
monitoring of target species focused on maintaining their
biological integrity in captivity at zoos around the world.
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