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RESUMO 

 

 

A crescente demanda para produções agrícolas e o consequente uso de 

agrotóxicos nas lavouras, vem se tornando foco das atenções sobre o uso e as 

conseqüências destes contaminantes químicos ambientais. Utilizando-se de 

anuros coletados em ambientes agrícolas e em uma Unidade de Conservação, 

o Parque Nacional das Emas (PNE), ambos região Sudoeste do Estado de 

Goiás, investigou-se a influência de contaminantes de origem agrícola nos 

aspectos anatomorfológicos em larvas de anuros bem como as possíveis 

alterações genótoxicas destes compostos. Para isto, foram coletadas larvas de 

anuros de 21 espécies de área agrícola e nove da Unidade de Conservação, 

em diferentes ambientes. Foram realizadas análises de malformações no 

padrão morfológico (27 espécies), bem como análises de alterações 

eritrocitárias em três espécies. Os resultados demonstraram alta porcentagem 

de anormalidades em anuros provenientes de agroecossistemas, quando 

comparados aos de ambiente natural. Entretanto, as análises de alterações 

eritrocitárias nucleares nas larvas não mostram significância para a formação 

de micronúcleo em girinos entre os ambientes estudados. No entanto foi 

registrada uma maior frequência de células reniformes em girinos de ambiente 

antropizado. Portanto, nosso estudo aponta que girinos associados a 

ambientes agrícolas são mais suscetíveis a algum tipo de alteração 

morfológica, o que reforça a importância da preservação de áreas originais e 

ainda um olhar mais critico quanto ao uso de pesticidas em lavouras. 

 

 

Palavras-chave: Anfíbios. Anura. Genotoxicidade. Malfomações. 

 
 
   
 
 



 

 

ABSTRACT 

 
The growing demand for agricultural production and the consequent use of 

agrochemicals in crops has become a focus of attention on the use and 

consequences of these environmental chemical contaminants. Using anurans 

collected in agricultural environments and in a Conservation Unit, the Emas 

National Park (PNE), both Southwest region of the State of Goiás, investigated 

the influence of contaminants of agricultural origin on the anatomorphological 

aspects in anuran larvae as well as the possible genotoxic changes of these 

compounds. For this, anuran larvae were collected from 21 species of 

agricultural area and nine from the Conservation Unit, in different environments. 

Analyzes of malformations in the morphological pattern (27 species) were 

carried out, as well as analyzes of erythrocyte alterations in three species. The 

results showed a high percentage of anurans abnormalities from 

agroecosystems when compared to those from the natural environment. 

However, the analyzes of nuclear erythrocyte alterations in the larvae do not 

show significance for the formation of micronucleus in tadpoles between the 

studied environments. However, a higher frequency of reniform cells was 

recorded in anthropic environment tadpoles. Therefore, our study indicates that 

tadpoles associated with agricultural environments are more susceptible to 

some type of morphological alteration, which reinforces the importance of the 

preservation of original areas and a more critical view regarding the use of 

pesticides in crops. 

 

 

Keywords: Amphibians. Anura. Genotoxicity. Malformations. 
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INTRODUÇÃO GERAL 

   
 As técnicas que utilizam bioindicadores para avaliação de impactos 

advindos de agrotóxicos podem ser divididas em duas linhas principais, sendo 

a primeira responsável pelo monitoramento de alterações em populações, 

comunidades e ecossistemas, e a segunda responsável pela avaliação de 

alterações individuais na taxa de crescimento, comportamento, malformações, 

reprodução e alterações bioquímicas e fisiológicas em nível celular e molecular 

(ROSENBERG 1993; TAVERA-MENDOZA et al. 2002; CARR et al. 2003; LAM, 

P. K. S.; GRAY, J. S 2003; ROHR e PALMER 2005).  

 Um biomarcador de desequilíbrio em um ecossistema é o registro de  

ocorrências de malformações nos girinos, o que também pode representar um 

dos fatores que contribuem para o declínio dos anuros (LANNOO 2008), 

embora as causas exatas dessas malformações ainda não são totalmente 

compreendidas (TAYLOR et al. 2005). Malformações podem ser provocadas 

por quaisquer fatores bióticos e abióticos, incluindo a infestação por 

trematódeos (JOHNSON et al. 1999, 2004), predação (BALLENGÉE e 

SESSIONS 2009; BOWERMAN et al. 2010), radiação UVB (BACON et al. 

2013) e exposição a pesticidas (AGOSTINI et al. 2013; BACON et al. 2013, 

BORGES et al., 2019). 

 Muitos tipos de malformações podem ser encontrados em larvas de 

anfíbios, embora as anormalidades da boca estejam entre as mais importantes 

(BURGER e SNODGRASS 2000; DRAKE et al. 2007; BACON et al. 2013), 

dado seus efeitos potenciais sobre a alimentação comportamento e, 

consequentemente, no crescimento larval (Rowe et al. 1996; Venesky et al. 

2009, 2010, PEREZ-IGLESIAS et. al., 2019). Crescimento reduzido e 

conseqüentemente o menor tamanho corporal pode expor indivíduos a um 

maior risco de predação durante a transição entre os ambientes aquáticos e 

terrestres, a fase de vida de maior vulnerabilidade dos anuros (TOLEDO 2005). 

Anormalidades causadas por mutações, erros de desenvolvimento e lesões 

físicas são comuns, mas normalmente são encontrados em menos de 5% de 

uma população (BLAUSTEIN e JOHNSON 2003; LUNDE e JOHNSON 2012). 
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No entanto, estudos recentes registraram maiores taxas de anomalia, de 15 a 

90%, relacionadas a um número de diferentes fatores (Blaustein e Johnson, 

2003), incluindo pesticidas (BORGES et al., 2018 EGEA-SERRANO et al. 

2012; AGOSTINI et al. 2013; BACON et al. 2013). 

 Avaliando pelo aspecto genético, determinar os efeitos de contaminantes 

na estrutura genética das populações pode fornecer informações sobre as 

implicações dos xenobióticos ao nível populacional (THEODORAKIS 2001; 

SANTOS et al. 2017). Portanto, o estudo dos efeitos de contaminantes 

antropogênicos na estrutura e função do DNA deve ser um componente 

essencial da ecotoxicologia, biomonitoramento e avaliação de riscos ecológicos 

(THEODORAKIS 2001).  As células do sangue refletem todas as mudanças 

físicas e químicas em organismos que são expostos a diferentes grupos de 

inseticidas e pesticidas (AMBALI et al. 2011). 

Entre os sistemas de testes citogenéticos, a avaliação do micronúcleo 

(MN), seja em sangue ou células esfoliadas, é comumente usada para avaliar 

aberrações cromossômicas estruturais e numéricas induzidas por agentes 

clastogênicos e/ou aneugênicos (THOMAS et al. 2009; GONZÁLES et al. 

2017). O teste MN é considerado simples, sensível e apresenta um resultado 

rápido dos efeitos xenobióticos em uma determinada área (POLLO et al., 2015; 

CARRAFA et al., 2013). 

 Alguns critérios são considerados para a formação de MN em eritrócitos 

sanguíneos, tais como o diâmetro do MN, que deve variar de 1/16 a 1/3 do 

núcleo principal, a refringência e cor do micronúcleo, que devem ser as 

mesmas do núcleo principal (CARRAFA et al., 2013). A origem desses MN 

ocorre durante a divisão mitótica, onde fragmentos ou ate mesmo 

cromossomos inteiros aparecem desassociados do núcleo principal (MAJER et 

al., 2001; ANGELIERI et al., 2014; SARPAL et al., 2016). Esta formação pode 

surgir quando alguma substancia induz a ruptura cromossômica (clastogênica) 

ou quando agentes afetam o aparelho do fuso mitótico (aneugênica) (BELIEN 

et al., 1995, MAJER et al., 2001; SARPAL et al., 2016).  
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 Assim o teste do MN tornou-se um importante bioindicador de poluição, 

e, desse modo, tem sido uma ferramenta para a previsão do potencial de 

efeitos em longo prazo de xenobióticos em espécies selvagens (GONZÁLEZ et 

al. 2017). Além disso, é um teste de custo relativamente baixo e de rápida 

execução (SCHAUMBURG et al. 2012, BORGES et al., 2019). 

  O Brasil vem assumindo o lugar de maior consumidor de 

agrotóxicos no mundo e o processo produtivo agrícola brasileiro está cada vez 

mais dependente dos agrotóxicos e fertilizantes químicos (CARNEIRO et al. 

2012; AUGUSTO et al. 2012; RIGOTTO et al. 2012).  

 Em 2008, o Brasil ultrapassou os Estados Unidos e assumiu o posto de 

maior mercado mundial de agrotóxicos. O consumo médio de agrotóxicos vem 

aumentando em relação à área plantada, passando de 10,5 litros por hectare 

(2002) para 12,0 l/ha (2011), de forma que áreas de grande concentração da 

monocultura coincidem com as áreas de maior consumo de agrotóxicos 

(RIGOTTO et al. 2012). Nos últimos dez anos, segundo CARNEIRO et al. 

(2012) o mercado mundial de agrotóxicos cresceu 93%, o mercado brasileiro 

cresceu 190%.  

 A utilização desses produtos em sistemas abertos, como o meio 

ambiente, impossibilita qualquer medida efetiva de controle, pois não há como 

enclausurar essas fontes de contaminação e proteger os compartimentos 

ambientais (água, solo, ar), além da flora e fauna associada a estes 

ecossistemas. Os resíduos de fertilizantes e agrotóxicos representam os 

principais contaminantes de origem agrícola, sendo que através da água da 

chuva e da irrigação ou percolação no solo podem atingir os corpos d’água 

diretamente ou indiretamente, chegando aos lençóis freáticos (ARIAS et al. 

2007). 

 Contaminantes ambientais são considerados uma grande ameaça para 

a vida selvagem (GUILLETTE et el. 1995), e vários organismos fornecem 

informações úteis sobre a qualidade química e física da água a qual estão 

expostos durante toda a vida (HAYWOOD et al. 2004). Os anfíbios, devido às 

características morfofisiológicas (respiração pulmonar, cutânea e branquial, 

https://www-sciencedirect-com.ez369.periodicos.capes.gov.br/science/article/pii/S0147651312002187#!


15 

 

fase larva aquática e adulto terrestre) que lhes são peculiares, são sugeridos 

como bioindicadores da qualidade ambiental (BLAUSTEIN e WAKE 1990; 

Phillips 1990; GRIFFITHS e BEEBEE 1992; HALLIDAY 2000) e desta forma 

têm se tornado foco de muitos estudos. Segundo dados mais recentes da 

Sociedade Brasileira de Herpetologia SBH (2016), o Brasil apresenta 1080 

espécies de anfíbios descritos, e o cerrado um dos locais que abriga boa parte 

desta biodiversidade, com 209 espécies, das quais 108 são endêmicas 

(VALDUJO et al. 2012). 

 Alguns trabalhos relatam que contaminantes ambientais, como 

defensivos agrícolas, podem atuar como desreguladores endócrinos dem 

muitas espécies de animias. (GUILLETE et al. 1995; MCCOY et al. 2008; 

HAYES et al. 2003). A exposição aos desreguladores endócrinos químicos 

podem alterar a sinalização hormonal normal durante o desenvolvimento 

embrionário e modificar a anatomia, comportamento e função do sistema 

reprodutivo de muitos vertebrados, incluindo peixes (JOBLING et al. 2006), 

anfíbios (Hayes et al. 2003), répteis (GUILLETTE et al. 1995; GUILLETTE e 

Iguchi 2003), aves (FRY e TOONE 1981) e mamíferos (SONNE et al. 2006). 

   

2. HIPÓTESES 

a) Água coleta em area preservada esteja livre de agrotóxicos, ou dentro 

do limente permitido na legislação; 

b) Encontrar diferença quanto ao aspecto de malformações e citogenéticas, 

nas duas regiões amostradas; 

c) Reforçar a importância da conservação de áreas para a manutenção das 

espécies; 

 

 3. OBJETIVOS 

 

O presente trabalho teve como objetivo geral avaliar aspectos 

anatomorfológicos e genotóxicos de girinos coletados in locu de duas áreas 
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distintas quanto ao diferente uso da terra (Matriz agrícola e Unidade de 

Conservação). Especificamente objetivou-se: 

a) Identificação dos espécimes coletados nas duas diferentes áreas; 

b) Avaliar e comparar os padrões anatomorfológicos dos girinos inseridos 

em áreas agrícolas e de girinos de Unidades de Conservação. 

c)  Avaliar a frequência de micronúcleos e outras alterações eritrocitárias 

nucleares de algumas espécies estudadas; 

 

4. METODOLOGIA  

 

4.1 Locais de amostragem dos girinos 

Os ambientes de coleta dos dados biológicos foram conduzidos em duas 

distintas áreas que representassem diferentes uso da terra (Figura 1). Assim, 

foram coletados girinos no: I- Parque Nacional das Emas (PNE, Unidade de 

Conservação Federal) e II – Ambiente agrícola localizado no Município de Rio 

Verde, Goiás, Brasil. O Parque Nacional das Emas (18° 2′ 37,64″ S, 52° 56′ 

30,11″ W) é uma unidade de conservação federal localizada na fronteira 

sudoeste do estado brasileiro Goiás, com área total de 132.133 ha, localizada 

nos municípios de Mineiros, em Goiás, e Costa Rica, no estado vizinho de 

Mato Grosso do Sul. No município de Rio Verde (17° 47′ 21.87″ S, 50° 52′ 

53.77″ O), a área agrícola é constituída por uma matriz dominada por 

plantações de milho e soja, intercaladas com alguns fragmentos de floresta. 

Este município recentemente foi classificado entre os dez primeiros no país que 

mais consomem pesticidas (PIGNATI et al. 2017).                                                                                       

Figura 1: Áreas de amostragem dos girinos. A: Ambiente integro, Unidade de Conservação, 
Parque Nacional das Emas; B: Área agrícola no Município de Rio Verde, Goiás. 

A B 

Fonte: Resgistrado pelo autor, dezembro de 2014. 
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4.2. Coleta dos exemplares 

As larvas de anuros foram coletadas durante a estação reprodutiva dos 

indivíduos adultos entre novembro de 2013 a janeiro de 2017 nos referidos 

ambientes. A coleta foi realizada por meio de puçás, que consiste em um cabo 

de madeira acoplado em uma peneira (3 mm2), o qual foi passado em lagoas 

permanentes e temporárias, e brejos por aproximadamente 1 h em cada 

ambiente. Os girinos foram anestesiados em solução de benzocaína (5 g / L), e 

posteriormente depositados em formalina a 10% (Heyer et al. 1994) (Figura 2). 

No laboratório, os girinos foram triados por morfotipos semelhantes, 

observados ao microscópio estereoscópico e procedida a identificação dos 

espécimes baseada em chaves de identificação especializadas, de acordo com 

Brandão (2002), Rossa-Feres e Nomura (2006) e Pezzuti (2011). 

 

 

 

4.3. Avaliação das anormalidades 

Para a avaliação das anormalidades, o estabelecimento da condição 

morfológica normal, foi considerado. Desta forma a partir da comparação com o 

padrão normal foi possível identificar as variações nos organismos. Para isso 

foram considerados os trabalhos de Bantle et al. (1991), com adaptações, 

Krishnamurthy e Smith (2011), Peltzer et al. (2013), Babini et al. (2015) e 

Perez-Iglesias (2015). Foram analisados, e comparados com o padrao normal 

para cada espécie, os seguintes parâmetros: olho, narina, aparato bucal, 

padrão da cauda e intestino e formato do corpo.  

Fonte: Resgistrado pelo autor, setembro de 2017. 

Figura 2: Análise morfológica e triagem. A: Identificação dos espécimes com auxilio de 
microscópio estereoscópico e avaliação do padrão morfológico; B: Acondicionamento dos 
exemplares. 

A B 
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4.4 O teste do Micronúcleo (MN) e outras Alterações Eritrocitárias 

Nucleares (AENs) 

Para a realização do teste do MN e demais alterações eritrocitárias 

nucleares, foram avaliados três espécies (Dendropsophus minutus, 

Physalaemus cuvieri and Scinaxfus fuscovarius) de girinos comuns ocorrentes 

em ambos os ambientes (agrícola e Unidade de Conservação). Após a 

identificação dos espécimes, o teste do MN foi aplicado aos eritrócitos 

sanguíneos circulantes obtidos, de acordo com Pérez-Iglesias et al. (2015). Os 

girinos foram anestesiados pela primeira vez por imersão em água gelada e 

amostras de sangue foram então obtidas através de uma secção cranial feita 

atrás do opérculo (Figura 3). Dois esfregaços sanguíneos foram obtidos em 

lâminas limpas para cada animal, que foram então secas ao ar, fixadas em 

metanol frio (4° C) por 20 minutos, e então coradas em Giemsa a 5% durante 

12 minutos. Uma amostra de 1000 células foi analisada para cada girino para 

determinar a freqüência de MN e AENs, usando um microscópio com câmera 

acoplada e uma ampliação de 100x. Para a identificação das alterações 

eritrocitárias (MN e AENs), foram considerados os seguintes critérios (Pérez-

Iglesias et al. 2015): (i) o diâmetro é menor que 1/16 a 1/3 do núcleo principal, 

(ii) o material é não-reflexivo, com o mesma ou menor intensidade de coloração 

em comparação com o núcleo principal, e (iii) a estrutura não está ligada ou se 

sobrepondo ao núcleo principal. 

 
Figura 3: Procedimento para avaliação eritrocitária. A: Triagem dos girinos em campo; B: 
Confecção do esfregaço sanguíneo. 

A B 

Fonte: Resgistrado pelo autor, dezembro de 2017. 
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4.5 Amostras de água 

Uma amostra da água foi coletada para cada regiões de estudo, Parque 

Nacional das Emas e no município de Rio Verde. Foram coletadas 

subamostras nos pontos de amostragem e no mesmo período de coleta dos 

girinos e, em seguida armazenada em uma única amostra por área, 

representado cada região. As amostras foram preservadas a uma temperatura 

de 4°C e enviado para o laboratório para análises específicas. Ensaios físico-

químicos foram realizados por cromatografia gás-líquido com espectrometria de 

massa para verificar a presença de carbamato, organocloreto, e pesticidas 

organofosforados. 

 

4.6 Procedimentos Éticos, Legais e Acondicionamento do material 

Todos os procedimentos foram encaminhados à apreciação pela 

Comissão de Ética da Universidade de Rio Verde (CEUA; Universidade de Rio 

Verde, nº 0316), com a devida licença (SISBIO n.41919-1) emitida pelo Instituto 

Chico Mendes de Conservação da Biodiversidade. O material biológico está 

depositado na coleção herpetologica do Laboratório de Biologia Animal do 

Instituto Federal Goiano, campus Rio Verde. 

 

4.7 Análises Estatísticas 

As alterações morfológicas em girinos nas duas áreas de estudo foram 

analisadas pelo qui-quadrado em uma tabela de contingência de 2 × 2, com 

nível de significância P <0,05. Este teste foi executado no Programa R. 

Uma análise fatorial de variância (ANOVA), com o teste post-hoc de 

Tukey, foi utilizada para avaliar o conjunto de anomalias nucleares (AENs). 

Neste caso, os dados foram transformados na raiz para satisfazer a hipótese 

de homogeneidade de variância. A significância de p <0,05 foi considerada 

para todas as análises. 
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5. RESULTADOS GERAIS 

Como resultados deste estudo, apresentamos dois capítulos diretamente 

relacionado a proposta do trabalho. No entanto apresentamos também uma 

nota científica, oriundo das excursões ao campo, permitiu o registro de uma 

espécie (Physalaemus albonotatus) para uma nova área de ocorrência, 

ampliando assim a distribuição desta espécie para a Unidade de Conservação. 

Assim segue em anexo a esta tese os capítulos: 

 

6. CONSIDERAÇÕES FINAIS 

 Estratégias de conservação são necessárias para minimizar os danos 

morfológicos observados em larvas de anuros em áreas agrícolas e 

ressaltamos ainda a importância da manutenção das unidades de conservação.  

 Fornecemos também dados in situ sobre as alterações morfológicas 

bem como nucleares para espécies nativas do Cerrado Brasileiro. Salientamos 

ainda que Physalaemus cuvieri e Scinax fuscovarius apresentaram alterações 

eritrocitárias e são potenciais candidatos a espécies sentinelas para ambientes 

perturbados. 
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Abstract 
Amphibians are considered to be excellent bioindicators to their 
morphophysiological characteristics and life cycle. In this context, the present 
study investigated the morphological integrity of anuran larvae collected in 
preserved environments in the Emas National Park, in the municipality of 
Mineiros (Goiás state, Brazil), and in environments representative of the 
agricultural matrix of the Rio Verde region, also in Goiás, where there is a long 
history of the use of agricultural pesticides. Samples of water from temporary 
ponds, permanent dams, and veredas were analyzed for the presence of 
pesticides and, especially atrazine (5350 μg/L), found at significantly higher 
concentrations in the agricultural matrix. We observed a high percentage 
(approximately 10%) of morphological malformations including alterations of the 
fins in Boana albopunctatus and Scinax fuscovarius; alteration in oral structures 
in B. albopunctatus, Dermatonotus muelleri, Physalaemus centralis, 
Physalaemus cuvieri, and Leptodactylus fuscus mainly in the tadpoles collected 
in the agricultural environment in comparison with those from the protected area 
(3.5%; P < 0.0001, χ2 31.75). However, changes in the eyes, mouth, intestines, 
and nostrils, as well as amelia were observed only in the agricultural 
environment. The vast majority of the observed malformations were associated 
with the tail and oral disc, which suggests that these anatomical parameters 
may be used as sensitive morphological biomarkers. Given these findings, we 
reinforce that areas of agricultural land may have a deleterious effect on the 
morphological integrity of the tadpoles and consequently, on their development, 
and that these features may be used as indicators of environmental quality and 
health.  
 
Keywords Amphibians. Ecotoxicology. Malformations. Bioindicators. Pesticides. 
Agriculture 
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Introduction 

 The current worldwide decline in amphibian populations has been 

attributed to a number of different factors (Blaustein et al. 2011). One indicator 

of disequilibrium in an ecosystem is the occurrence of malformations in 

tadpoles, which may also represent one of the factors contributing to the decline 

in anuran populations (Lannoo 2008), although the exact causes of these 

malformations are still not fully understood (Taylor et al. 2005). Malformations 

may be provoked by any number of biotic and abiotic factors, including 

infestation by trematodes (Johnson et al. 1999, 2004), predation (Ballengée and 

Sessions 2009; Bowerman et al. 2010), UVB radiation (Bacon et al. 2013), and 

exposure to pesticides (Bridges 2000; Egea-Serrano et al. 2012; Agostini et al. 

2013; Bacon et al. 2013). Some authors have also discussed the potential role 

of chemical endocrine disrupters or even natural processes as a cause of 

abnormalities (McCoy et al. 2008).  

 Many types of malformation can be found in amphibian larvae, although 

abnormalities off the mouth are among the most important (Burger and 

Snodgrass 2000; Drake et al. 2007; Bacon et al. 2013), given their potential 

effects on feeding behavior, and consequently on larval growth (Rowe et al. 

1996; Venesky et al. 2009, 2010). Reduced growth and a consequently smaller 

body size may expose individuals to a higher risk of predation during the 

transition between aquatic and terrestrial environments, which is the most 

vulnerable anuran life phase (Toledo 2005). Abnormalities caused by mutations, 

errors of development, and physical injury are common, but they are typically 

found in less than 5% of a population (Blaustein and Johnson 2003; Lunde and 

Johnson 2012). However, recent studies have recorded much higher rates of 

anomaly, of 15–90%, related to a number of different factors (Blaustein and 

Johnson 2003), including agricultural pesticides (Bridges 2000; Egea-Serrano et 

al. 2012; Agostini et al. 2013; Bacon et al. 2013).  

 Overall, approximately 38% of the Earth’s land area is dedicated to 

agricultural practices (Foley et al. 2011), resulting in unprecedented 

environmental impacts, which encourages monitoring of one of the most 
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pesticidally consumed areas in Brazil, in this case the state of Goiás, 

municipality of Rio Verde (Pignati et al. 2017). The state is part of the Brazilian 

Cerrado, where the biome is reported for intense agricultural activities 

(Schiesari and Grillitsch 2011), however, there are still few in situ reports on 

morphological integrity analysis of anurans in the face of environmental 

disturbance risks. In contrast, many studies show genotoxic effects of pesticides 

in anurans (Gonçalves et al. 2015, 2017). In general, this need for toxicological 

studies extends to the entire Neotropical region, even though it presents a 

greater diversity of anurans and points to higher rates of population decline 

(Schiesari et al. 2007). A systematic evaluation of the morphological integrity of 

anurans of agricultural area is important in predicting mortality from 

environmental changes. In addition, external morphological characteristics 

besides easy evaluation are low cost. 

 

Materials and methods 

Study area and data collection 

 Anatomical alterations in tadpole larvae were investigated in two distinct 

areas between November 2013 and January 2017: I- Emas National Park and II 

- the agricultural matrix of the municipality of Rio Verde, Goiás, Brasil. Emas 

National Park (18° 2′ 37.64″ S, 52° 56′ 30.11″ W) is a federal conservation unit 

located on the southwestern border of the Brazilian state of Goiás, with a total 

area of 132,133 ha, located in the municipalities of Mineiros, in Goiás, and 

Costa Rica, in the neighboring state of Mato Grosso do Sul. The vegetation of 

this national park encompasses a number of different Cerrado savanna 

formations, including grassland savanna, shrubby savanna, veredas (palm 

swamps), and gallery forests. The tadpoles were collected in a total of 11 

sampling points, distributed among sidewalks, temporary pools, and permanent 

and nascent ponds. All sampling areas were selected in order to avoid the 

anthropogenic interference that exists at the Park boundary, with sampling 

points with a mean distance of 15 km in the Conservation Unit. By contrast, the 

agricultural matrix of Rio Verde (17° 47′ 21.87″ S, 50° 52′ 53.77″ O) is 
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dominated by plantations of maize and soybean, interspersed with a few 

fragments of forest. This municipality has recently been ranked among the top 

ten in the country that most consume pesticides (Pignati et al. 2017). In this 

environment, the specimens were collected in six water bodies inside the crop, 

including temporary pools, permanent and semi-permanent ponds, without the 

action of any other effluent. 

 The anuran larvae were collected (SISBIO collecting license no. 41919-1 

e Committee on Animal Use at the University of Rio Verde, Goias, Brazil 

(Comissão de Ética no Uso de Animais da Universidade de Rio Verde, CEUA/ 

Universidade de Rio Verde, no. 0316) from temporary and permanent ponds 

and marshes using a wire mesh (3 mm2) hand-net, which was used to sample 

the margins and the interior of each environment during approximately 1 h. The 

tadpoles were anesthetized in a benzocaine solution (5 g/L), fixed in 10% 

formalin (Heyer et al. 1994), and in the laboratory, they were observed under 

stereoscopic microscope for species identification, based on Brandão (2002), 

Rossa-Feres and Nomura (2006) and Pezzuti (2011). 

 

Identification of abnormalities 

 All the tadpoles collected in both areas (agricultural matrix and national 

park) were included in this analysis to guarantee the broadest possible 

perspective of the natural conditions found in each study area. Thus, the 

analyzes evaluated the morphology of 825 tadpoles between development 

stages 26 and 40 (Gosner 1960), belonging to 21 species collected from the 

agricultural matrix in Rio Verde, and 1047 tadpoles of nine species obtained 

from the conservation unit (Emas National Park). The abnormalities 

encountered during this evaluation were assigned to the categories proposed 

by Bantle et al. (1991), with adaptations, Krishnamurthy and Smith (2011), 

Peltzer et al. (2013), Babini et al. (2015), and Perez-Iglesias (2015). Following 

analysis, the animals were photographed under a stereoscopic microscope to 

record the specific characteristics observed. Voucher specimens were 
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deposited in the Animal Biology Laboratory of the Rio Verde campus of Goiano 

Federal Institute (IF Goiano). 

 

 

 

Analysis of water samples 

 Water samples were collected from both study areas, the Emas National 

Park and the agricultural matrix of the municipality of Rio Verde. Subsamples 

were collected from each sampling point and then stored in a single container, 

representing each region. The samples were preserved at a temperature of 4 

°C and sent to the laboratory for analysis. Physical-chemical assays were run 

by gas-liquid chromatography with mass spectrometry to verify the presence of 

carbamate, organochloride, and organophosphate pesticides. The assays 

tested for the following substances: 2,4-D + 2,4,5-T; alachlor; aldicarb + 

aldicarb-sulfone + aldicarb-sulfoxide; aldrin; dieldrin; aldrin + dieldrin; atrazine; 

carbendazim + benomyl; carbofuran; chlordane (cis + trans); chlorpyrifos + 

chlorpyrifos-oxon; DDT (4,4-DDT + 4,4- DDE + 4,4-DDD); diuron, endosulfan 

(alfa + beta + sulfate); endrin; glyphosate + AMPA; lindane; mancozeb; 

metolachlor; molinate; methyl parathion; pendimethalin; permethrin; profenofos; 

simazine; tebuconazole; terbufos, and trifluralin, with parameters being based 

on Brazilian Health Ministry ordinance 2914 of December 12th, 2011. 

 

Statistical analysis 

 The relative frequencies of the presence of morphological alterations 

observed in the tadpoles collected from the two study areas were analyzed by 

chi-square in a 2 × 2 contingency table, with a P < 0.05 significance level. This 

test was run in the R program. 
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Results 

Water parameters  

The herbicide atrazine was the only chemical compound recorded in high 

concentrations in the agricultural matrix. The concentration of atrazine recorded 

in this area was 5349.94 μg/L, thousands of times higher than the legal 

Maximum Permissible Value (MPV) of 2 μg/L based on Brazilian Health Ministry 

ordinance 2914 of December 12th, 2011 (Table supplementary (S1)). A number 

of the other chemical compounds tested were also found in this sample, but 

always at concentrations below the MPV established in Brazilian legislation. In 

the protected area, by contrast, all the chemical compounds recorded were at 

concentrations below their respective MPVs, and in all cases, the 

concentrations recorded in the national park were lower than those recorded 

in the agricultural matrix (Fig. 1 and Table S1). 
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Abnormalities recorded in the anuran larvae 

 A number of different, uncommon alterations of the external morphology 

and anatomical configuration were found in the tadpole samples analyzed. In 

the agricultural sample, a total of 825 tadpoles were analyzed, of which, 82 

(9.93%) presented morphological abnormalities (χ2 = 31.7; P < 0.0001). Six 

different types of abnormality were found in nine of the 21 anuran species 

collected in the agricultural matrix (Table 1). 

 Abnormalities of the tail were the most common alteration, being found in 

6.18% of the tadpoles analyzed from the agricultural matrix. These 

abnormalities, including irregular and double fins, were especially common in 

five species, Dermanotus mulleri, Leptodactylus fuscus, Physalaemus centralis, 

Physalaemus nattereri, and Scinax fuscovarius (Fig. 2a, b). A range of 

Fig. 1 Concentrations (log10 transformed) of contaminants recorded in the water 

samples collected in the agricultural matrix of the municipality of Rio Verde (dark 
bars) and the protected area, in Emas National Park (ENP) (light bars). 

*Concentration above the Maximum Permissible Value (MPV) 
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alterations was also found in the oral morphology of the tadpoles from the 

agricultural matrix, including interrupted, overlapping, folded, and absent 

denticles, as well as alterations of the papillae and dermal flaps (Fig. 3a, b). 

These abnormalities were recorded in 3.27% of the tadpoles and were most 

common in P. cuvieri and L. fuscus (Figs. 4 and 5). A smaller proportion 

(1.69%) of the tadpoles had other malformations, including changes in the 

intestinal morphology, the absence or displacement of the eyeball, nasal 

asymmetry, and amelia, all of which were only observed in the tadpoles from 

the agricultural matrix (Fig. 6 and Table 1). 

 

 

 Endoparasites were also observed in four tadpole species (P. nattereri, 

P. cuvieri, P. fuscomaculatus, and L. fuscus) from this environment.  

 In the protected area, by contrast, where 1047 specimens were collected, 

only two types with morphological alteration were observed in four 

(Dendropsophus minutus, Boana albopunctatus, P. cuvieri, and S. fuscovarius) 

SCE species common to both environments (Emas National Park and Rio Verde) that  
presented some type of malformation N total number of individuals analyzed  *Other 
species analyzed from the agricultural matrix and Emas National Park which did not present 
any morphological alteration 
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of the nine species sampled (Table 1). These alterations (recorded in 3.15% of 

the specimens) were found only in the tail (bifurcated) and oral disc (Figs. 2C 

and 3C).  

 Six of the tadpole species were recorded at both sites, although 

malformations were recorded in only four of these species. In these four 

species, morphological alterations were observed in 9.8% of the specimens 

collected in the agricultural matrix, and in only 3.48% of those from the 

protected area. Overall, in all species in both environments, malformations of 

the tail and oral disc were by far the most common alterations, being found in 

approximately 90% of the cases. This indicates that these parameters are the 

most important for morphological analyses (Table 1). 

 

Discussion 

 The findings of the present study indicate that the tadpoles collected in 

areas of agricultural land had significantly higher rates of morphological 

alterations (approximately 10% of specimens) in comparison with the protected 

area, in which only 3.5% of the specimens were affected. The presence of 

anomalies is common in natural anuran populations, although the normal rate of 

abnormalities resulting from mutations, developmental errors and lesions, is 

typically less than 5% (Blaustein and Johnson 2003; Lunde and Johnson 2012). 

The malformation rate recorded in the protected area was thus consistent with 

that expected for a natural population. In the agricultural matrix of Rio Verde, 

however, the much higher rate of 9.93% indicates that other, unnatural 

processes are affecting the tadpole population. 

 A number of studies have shown that exposure to pesticides provokes 

both morphological (Lajmanovich et al. 2003; Carezzano and Cabrera 2011; 

Babini et al. 2016; Perez-Iglesias et al. 2016) and cytogenetic alterations in 

anurans, indicated by the formation of micronucleated cells (Rudek and Rozek 

1992; Candioti et al. 2010; Pérez-Iglesias et al. 2014).  

 In addition to the damage to the DNA of these animals, survival rates 

also tend to be lower, given that morphological malformations, in particular, 
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those associated with the oral disc (Carezzano and Cabrera 2011; Babini et al. 

2016) affect the growth and development of the anuran larvae. As around 89% 

of threatened anuran species are affected by farming practices (Young et al. 

2004), pesticides are a major concern for natural ecosystems and even human 

health, given their impacts (Pérez-Iglesias et al. 2015) on the anuran fauna.  

 In addition to the impacts of pesticides, identified in a wide range of 

studies (Bridges, 2000; Blaustein and Johnson 2003; Ankley and Rodney 2004; 

Robles-Mendoza et al. 2009; Egea- Serrano et al. 2012; Agostini et al. 2013; 

Bacon et al. 2013), other factors may also cause anomalies in amphibians, 

including predation (Ballengée and Sessions 2009; Bowerman et al. 2010), 

UVB radiation (Blaustein and Johnson 2003; Ankley and Rodney 2004; Bacon 

et al. 2013; Franco-Belussi et al. 2016), and infection by parasites (Johnson et 

al. 1999, 2004). In recent work, effluents of mores were responsible for 

developmental impacts and morphological characters of tadpoles of P. cuvieri 

(Montalvão et al. 2018). In the present study, endoparasites were recorded in 

five anuran species, only in specimens obtained from agricultural environments. 

Laboratory findings have shown that pesticides may reduce resistance to 

parasites (Kiesecker 2002; Budischak et al. 2008; Rohr and McCoy 2010), 

given their toxicity to immune cells which may thus reduce the efficiency of the 

mechanisms that protect these hosts from infection (Voccia et al. 1999; Martin 

et al. 2010). In particular, Mann et al. (2009) showed that the immune system of 

amphibians is suppressed by the presence of pesticides, provoking a number of 

different responses, such as an increase in the proportion of encysted cercaria 

(Rohr et al. 2008; Kiesecker 2002) and pulmonary infection rates (Christin et al. 

2003; Gendron et al. 2003). 
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Fig. 2 Photo-documentation of the tail of the tadpole specimens collected in the 

agricultural matrix of the municipality of Rio Verde and in the protected area in 
the Emas National Park in Goiás (Brazil). Left-hand column: morphological 
configuration considered to be normal for the species; right-hand column: 
morphological alterations observed. a: Double caudal membrane (dorsal view); 
b: Ridges in the superior and inferior margins of the caudal fin; c: Tail with 
bifurcated extremity 
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 The analyses of water quality also indicated extremely high 

concentrations of the herbicide atrazine, and this herbicide is genotoxic and 

mutagenic for a Neotropical anuran Dendropsophus minutus (Gonçalves et al. 

2017). In addition to relatively high concentrations of other pesticides, albeit 

within the legal limits, but possibly responsible for synergic effects of their active 

ingredients (Cedergreen 2014), leading to an increase in toxicity due to the 

cumulative effects of stressors (Peltzer et al. 2013). In this case, the combined 

effects of these compounds are likely to interfere with the biological cycle of the 

tadpoles that inhabit the agricultural matrix, making them more vulnerable to 

parasites than the animals found in more pristine environments. Based on data 

from WHO (World Health Organization) and the Environmental Protection 

Agency (EPA), the International Union of Pure and Applied Chemistry (Iupac 

2018) classifies atrazine as a mildly toxic and dangerous herbicide. This 

herbicide is the seventh most used in Brazil, with 13,911.37 tons of the active 

ingredient being sold annually (Ibama 2014). In a recent report Perez- Iglesias 

et al. (2016), they verified that different levels of atrazine can cause retraction 

and until the partial or total loss of the denticles of Rhinella schneideri and P. 

nattereri, besides retarding the growth and development of the anuran larvae. 

 In the present study, the analyses showed that morphological alterations 

occurred in six anatomical structures. Deformations of the oral disc, the second 

most common type of alteration observed in the specimens from the agricultural 

matrix, may be highly deleterious to the nutritional condition of the animal. This 

type of abnormality may affect foraging behavior and reduce the nutritional 

efficiency of the animal (Rowe et al. 1996), and the absence of or defects in the 

denticles of tadpoles may make them less able to anchor themselves to the 

substrate when feeding (Venesky et al. 2010). In fact, in addition to malformed 

or absent denticles, some of the tadpoles collected in the present study had 

little or no intestinal content, which may reflect an inability to feed adequately as 

a consequence of the damage to their oral structures. Babini et al. (2015, 2016) 

also recorded malformations in the oral morphology of anuran larvae collected 

in agricultural systems, in addition to an increase in the frequency of micronuclei 
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and nuclear anomalies, which they attributed to the presence of chemical 

contaminants in the environment. 

Fig. 3 Photo-documentation (ventral view) of the oral morphology of 
hysalaemus cuvieri tadpoles collected in the agricultural matrix of the 
municipality of Rio Verde, Goiás (Brazil). Left-hand column: normal 
configuration of the species; right-hand column: morphological alterations 
observed. A Complete absence of denticles. B Absence of dermal flaps. C 
Absence of denticles 
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 Deformations of the tail were also relatively common in the present study, 

ranging from the insertion of its root to the presence of ridges and bifurcations 

associated with the fin membranes. Dawson (1932) and Lynn (1950) observed 

that the duplication of the whole tail or parts of this organ is generally related to 

the hyper-generation of the organ following mechanical damage caused by 

predators or chemical compounds, such as copper (Chen et al. 2007). 

However, Brandão et al. (2011) observed malformations of the tail and reduced 

body size in tadpoles exposed to copper, which is commonly used in industrial 

processes and is easily introduced into the environment in pesticides, domestic 

effluents, and the consumption of fossil fuels. Even so, a number of other 

studies have linked malformations of the tail to the exposure of the larvae to 

pesticides (Baier et al. 2016), and substantial deformations of the tail (around 

50–90%) to the presence of agricultural chemicals, in particular, glyphosate, in 

the environment. As the tail of tadpoles contains important reserves of energy 

and calcium for metamorphosis (Vitt and Caldwell 2013), it would seem likely 

that alterations in this structure will result in smaller individuals in the 

postmetamorphic stages. 

 In the present study, alterations of the eyes (absence and/or 

sinking/dislocation of the eyeball), the absence of members, and intestinal 

irregularities (such as a dislocated spiral, and the formation of an intestinal loop 

prior to the cloaca) were also observed, albeit at much lower rates and 

exclusively in the specimens from the agricultural environment. These types of 

abnormality have been observed in studies that tested atrazine as a 

contaminating agent in anuran larvae and juveniles (Britson and Threlkeld 1998; 

Allran and William 2001; Hayes et al. 2002; Carr et al. 2003; Coady et al. 2005; 

Hayes et al. 2006; Svartz et al. 2012). Deformities have also been reported in 

tadpoles exposed to Endosulfan, a widely-used organochloride pesticide 

(Brunelli et al. 2009). Given this, the alterations observed in the present study 

may also have been related to the action of a certain pesticide, especially as 

high concentrations of certain chemical compounds may cause malformations 

in anuran larvae, as well as having sub-lethal effects on swimming behavior and 
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growth, and an increase in the frequency of micronuclei (Perez-Iglesias 2015; 

Perez-Iglesias et al. 2016). 

 

 

Fig. 4 Photo-documentation (ventral view) of the oral morphology of 
Physalaemus cuvieri tadpoles collected in the agricultural matrix of the 
municipality of Rio Verde, Goiás (Brazil). a. Oral disc considered normal for the 
species. b. Folding and absence denticle row. C Absence of the anterior row of 
denticles. d Absence of posterior row of denticles. e, f Overlapping and absent 
denticles. The arrows indicate the observed alterations  
 



42 

 

Lajmanovich et al. (2003) conducted experiments using glyphosate and 

observed a range of malformations in the anuran larvae, such as alterations of 

the eyes, crooked tails, and in particular, deformities of the denticles. As 

reported by Rowe et al. (2002), McDaniel et al. (2004) and Pérez-Iglesias 

(2015), the presence of agricultural toxins and heavy metals in aquatic systems 

may have lethal and sub-lethal effects on amphibians. Overall, then, the 

presence of pesticides in agricultural systems, and in particular, in freshwater 

environments, is preoccupying, given that these cumulative, toxic compounds  

impact the quality of the aquatic environments that anurans depend on for their 

survival (Schmutzer et al. 2008; Babini et al. 2016). Despite the implications of 

the morphological damage diagnosed in the study specimens, it is far from easy 

task to interpret the real ecological impacts of these alterations (Köhler and 

Triebskorn 2013). In this case, anatomical studies will be important to provide a 

more ample perspective, focusing on the population or community level, 

especially considering that the presence of contaminants in the environment, 

combined with the morphological damage observed in the present study may 

ultimately lead to the local extinction of certain species, which may decrease the 

functional diversity of the community (Mouillot et al. 2008). This may be a result 

of morpho-anatomical defects, such as impaired swimming ability due to 

damage to the caudal membrane or reduced nutritional status related to defects 

in the denticles, resulting in a loss of the biological function of the organism in 

the local habitat and community. As data from natural environments are still 

scarce, it is important to note that, irrespective of the type of malformation 

observed, the probable causes are still uncertain, given that this study was 

conducted in loco, where many other abiotic and biotic factors may play a role 

in the determination of the observed defects. Even so, a clear difference was 

found in the composition of the water samples collected in the two 

environments, which indicates the occurrence of intense contamination by 

pesticides the agricultural matrix, whether unintentional or through disregard for 

environmental regulations, which is likely to represent a considerable risk to the 

local anuran fauna (Peltzer et al. 2013; Wagner et al. 2014; Cedergreen 2014). 
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Fig. 5 Photo-documentation (ventral view) of the oral morphology of 

Leptodactylus fuscus tadpoles collected in the agricultural matrix of the 
municipality of Rio Verde, Goiás (Brazil). a Normal oral disc. b Folds in the 
anterior denticle row. c Abnormal keratinization. d Fold in the row o papillae. e 
Gaps and ridges in the three posterior rows of denticles. f Denticles of different 
sizes. The arrows indicate the observed alterations
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Fig. 6 Photo-documentation of tadpoles collected on agricultural land in the 

municipality of Rio Verde, Goiás (Brazil). Left-hand column: normal 
configuration of the species; right-hand column: morphological alterations 
observed. A: Ventral view of Amelia in L. fuscus; B: Lateral view of L. fuscus, 
showing the absence of an eye; C: Ventral view of intestinal loop in P. cuvieri 
 
 
The rate of malformation recorded in the agricultural environment was almost 

twice the threshold considered normal (5%), reinforcing the need for the 

monitoring of this community (Wagner et al. 2014). In this study, we analyze 

nine Neotropical species (B. albopunctatus, D. minutus, L. fuscus, P. cuvieri, D. 
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mulleri, P. centralis, P. nattereri, S. fuscovarius, and Pseudopaludicola sp.) that 

focus on morphological abnormalities and resistance to pesticides in situ, but 

some this species (e.g., P. cuvieri, L. fuscus, S. fuscovarius, and B. 

albopunctatus) have a relatively ample geographic distribution, and are also 

relatively tolerant of anthropogenic impacts, which may account for their typical 

association with areas of farmland. Then, these species represent good study 

models, given that they are typically present in areas in which pesticide use is 

constant and present a large occurrence.  

 

Conclusion 

The rates of morphological alterations observed in the present study reinforce 

the importance of the maintenance and preservation of conservation units, 

given the low frequency of malformations recorded in these protected areas. On 

the other hand, it is observed in this study that anurans inhabit agricultural 

areas are more susceptible to damage caused by the action of environmental 

contaminants of agricultural origin. In this way important mitigating measures 

are taken to minimize these damages, such as management plans for species 

that inhabit these environments, special attention for the insertion of nonpriority 

groups in conservation strategies, since many studies demonstrate the absence 

of anurans in these groups, including also information on their susceptibility to 

these agents in commercial pesticide formulations. It will nevertheless be 

important to identify the proximate cause of the induction of these anomalies in 

order to better understand the health and degradation of the environment, as 

well as its associated fauna. As the majority of the alterations were found in the 

caudal fin and oral disc, these morpho-anatomical structures may be useful as 

biomarkers for the monitoring of the morphological integrity of anuran larvae. 
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Abstract Many agricultural practices cause environmental degradation that 

affects the cellular integrity of anurans. In the present study, we provided in situ 

data of Dendropsophus minutus, Physalaemus cuvieri and Scinaxfus 

fuscovarius collected in soybean/corn and conservation units in the Brazilian 

Cerrado. The in situ data showed no significant variation in the micronucleus 

frequency between the sites, only the reniform cells had a higher rate for the 

agricultural environment. A combined analysis of all nuclear erythrocyte 

abnormalities (ENAs = reniform nuclei, apoptotic cell, binucleated and 

anucleated cells), was recorded higher frequencies in farmland. Overall, Scinax 

fuscovarius was considered the best potential bioindicator for soybean/corn 

plantations. Finally, we recommend expanding the micronucleus test for in situ 

studies in order to expand our understanding of the sensitivity of native anuran 

species and provide a more systematic assessment of the adverse effects of 

environmental pollutants on wildlife. 

 
Keywords Agriculture, Amphibians, Nuclear abnormalities, Biomarker, 
Conservation 
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Introduction 
 

The micronucleus test has now been used to monitor the erythrocytes of 

anurans for the presence of xenobiotics throughout the world for more than 

thirty years (Krauter et al. 1987), emphasizing the potential of this procedure as 

a biomarker, which is still widely used in the present day (Cruz-Esquivel et al. 

2017; Natale et al. 2018). Micronuclei are fragments of chromosomes that have 

been excluded from the principal nucleus in tissue cells under division (Bosch et 

al. 2011). An increase in the frequency of micronuclei is considered to be an 

early response to chromosomal damage (Garaj-Vrhovacet al. 2008). Given this, 

micronucleus test is one of the most effective cytogenetic assays for the 

detection of genotoxic damage induced by clastogenic and aneugenic agents 

(Udroiu et al. 2015), and the use of these biomarkers can provide a useful early 

warning system for the presence of pollutants before any irreversible damage 

occurs to the ecosystem (Depledge and Fossi 1994; Josende et al. 2015). 

Xenobiotic agents may cause carcinogenic effects (Anderson et al. 1994), 

teratogenic, embryotoxicity, as well as a number of health disorders referred to 

as genotoxic disease syndrome (Kurelec 1993). The genotoxic agents, besides 

damaging the DNA (Gonçalves et al. 2015), may lead to a number of sublethal 

effects such as liver damage, morphological abnormality, and affect the growth 

of anurans (Pérez-Iglesias et al. 2019). When genomic damage arises and is 

not repaired, it may be corrected in the subsequent cell cycle, at which point 

mutations capable of affecting the animals' survival may occur (Gonçalves et al. 

2017a). 

In this context, amphibians are widely used as bioindicators of 

environmental disturbance (Cruz-Esquivel et al. 2017), given that a large 

number of studies have shown that these vertebrates are highly sensitive to 

pesticides, due to their biological and ecological characteristics, including their 

metabolism, aquatic life cycle, sensitive skin, and unprotected eggs (Hayes et 

al. 2006, 2010; Brühl et al. 2011; Bradford et al. 2011; Nikoloff et al. 2014; 

Arcaute et al. 2014; Cruz-Esquivel et al. 2017). Evidence on the negative effects 

of exposure to pesticides in anurans has been growing progressively for more 
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than thirty years (Berger 1989). These environmental pollutants are now 

considered to be predictors of the risk of decline of amphibian populations 

throughout the world (Mann et al. 2009; Jing et al. 2017), indicating that this 

group of vertebrates is one of the most vulnerable to the effects of agricultural 

contaminants (Sparlinget al. 2010). 

Anurans play an important role in both natural and agricultural 

ecosystems, given that, in addition to their value as bioindicators, these animals 

are important natural predators of many agricultural pests (Arcaute et al. 2014; 

Cruz-Esquivel et al. 2017). Species that reproduce in bodies of water are 

probably the most affected by toxic waste, given that they are exposed directly 

to pollutants, with serious, often fatal consequences, which can cause 

populations to decline (Hayes et al. 2010; Babini et al. 2016). The 

unprecedented expansion of farmland in South American countries, such Brazil 

(Dias et al. 2016), reinforces the need for more systematic data on the effects of 

contamination on the region’s anuran fauna. In the present study, we 

investigated the tadpoles of three anuran species in situ in temporary pools 

found within soybean plantations, and compared the results with data on the 

same three species from a protected area, in order to evaluate the variation in 

the levels of genotoxic damage. 

One of these species was Dendropsophus minutus (Anura: Hylidae), 

which has an ample distribution in South America (Gehara et al. 2014). 

Recently, Gonçalves et al. (2017b) found evidence that the herbicide atrazine 

has genotoxic and mutagenic effects in this species. The second species is 

Scinax fuscovarius, which is found in open habitats, such as pastures, in 

southern, southeastern, and midwestern Brazil, as well as eastern Bolivia and 

Paraguay, and northern Argentina and Uruguay. The third species, 

Physalaemus cuvieri, is found throughout most of southern, central, and eastern 

Brazil, in Missions and Entre Rios, in Argentina, and in eastern Paraguay 

(Mijares et al. 2010). This species is highly adaptable, and occurs in many 

different types of habitat, including pastures and savanna wetlands (Mijares et 

al. 2010). Gonçalves et al. (2017a) considered this species to be a good model 
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for the detection of the genotoxic effects of the agricultural inseticides used on 

plantations, and as it is a common and abundant species, it would be ideal for 

environmental biomonitoring. This is the first in situ micronucleus study of both 

Scinax fuscovarius and Physalaemus cuvieri. 

Brazil is a key region, since it is among the regions of the world with 

greater diversity of anurans, however, the expansion of agriculture is a constant 

threat. Given this, to expand the database on the genotoxic parameters of 

anuran populations in situ, we analyzed wild-caught specimens of the tadpoles 

of three species, Dendropsophus minutus, Physalaemus cuvieri and Scinax 

fuscovarius using the micronucleus test. 

 

 

Material and Methods 

 

Sampling design of the in situ study 

 

The tadpoles were collected in two different areas in 2014 and 2016, with 

the aid of a dip net in temporary and semi-permanent water pools and packed in 

plastic containers until sorting. Two areas were selected in order to contemplate 

the different land use histories. One of these areas was Emas National Park, 

which was considered to be the control, in this environment the animals 

captured in side the conservation unit were in puddles, swamps and lagoons 

distant about 26 km from the edge of the park. The second site was an area of 

farm land in the municipality of Rio Verde, representing an environment with a 

greater genotoxic susceptibility, the tadpoles were collected, concomitantly to 

the harvest period (soybean) in a level curve and temporary pools located in the 

interior of plantations. Both these areas are located within the Cerrado biome of 

central Brazil, in the south of the state of Goiás. The Emas National Park 

(18°2’37.64” S, 52°56’30.11” W) covers an area of 132,000 hectares, most of 

which is located within the municipality of Mineiros, in Goiás, as well as the 

adjacent municipality of Costa Rica, in the state of Mato Grosso do Sul. This 
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national park is considered to be the most important protected area within the 

Cerrado biome, due to its considerable diversity of fauna and flora (IBDF 1981; 

Redford and Fonseca 1986). More than two-thirds (68.1%) of the park is 

covered in open savanna, while a quarter (25.1%) is dense savanna, and the 

rest of the area encompasses riparian forests and marsh lands (Ramos-Neto 

and Pivello 2000). By contrast, the landscape of Rio Verde (17°47’53.24” S, 

50°54’6.61” W) is dominated by plantations of soybean and corn (Pignati et al. 

2017), with only a few scattered patches of forest. Rio Verde was chosen for the 

present study because this municipality is one of the principal consumers of 

pesticides in Brazil (Pignati et al. 2017). Another aspect that justifies the 

importance of this study is the scarcity of in situ investigations throughout South 

America for the test of micronuclei in anurans (Supplementary). 

Tadpoles (Gosner 1960, phases 34–38, pre-metamorphic stages whose 

species characteristics are already defined) of three anuran species 

(Physalaemus cuvieri, Scinax fuscovarius, and Dendropsophus minutus) were 

with stereo microscope and identification keys (Rossa-Feres and Nomura 2006) 

and analyzed in the present study. Ten specimens of each species were 

collected frome ach study area, with a total sample of 60 specimens, 20 for 

eachspecies (license SISBIO no. 41919-1; CEUA no. 0316). 

 

Micronuclei and other nuclear abnormalities of the erythrocyte  

 

The micronucleus test (MN) was applied to erythrocytes obtained 

following the processing and identification of the specimens, based on the 

protocol of Pérez-Iglesias et al. (2015). The tadpoles were first anesthetized by 

immersion in freezing water and blood samples were then obtained through an 

incision made behind the operculum. Two smears of blood were obtained on 

clean slides for each animal, which were then air-dried, fixed with cold (4°C) 

100% methanol for 20 minutes, and then stained in 5% Giemsa during 12 

minutes. A sample of 1000 cells was analyzed in each tadpole to determine the 

frequency of micronuclei (MN) and other erythrocyte nuclear abnormalities 
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(ENAs), using a magnification of 100x, as recommended by Pollo et al. (2015). 

The MNs were identified using the following criteria (Pérez-Iglesias et al. 2015): 

(i) the diameter is smaller than 1/16 to 1/3 of the principal nucleus, (ii) the 

material is non-reflective, with the same or a lower intensity of staining in 

comparison with the principal nucleus, and (iii) the structure is not linked to or 

overlapping the principal nucleus. In addition to the frequency of MNs, we 

quantified five other types of ENAs: Nuclear Buds (NB), reniform nuclei (RE), 

apoptotic cell (AP), binucleated (BI) and anucleated (AN) cells (Cruz-Esquivel et 

al. 2017). The frequency of ENAs is presented per type of abnormality, and for 

the total set of abnormalities (NB+RE+AP+BI+AN), which is the standard 

approach in this type of analysis (Pollo et al. 2015).   

Water analysis 

 

 Water samples were collected and analyzed in a specific laboratory for 

the evaluation of organochlorine compounds, organophosphorates and 

carbamates. Quantitative and qualitative results of the samples indicated high 

Atrazine indices (5000μg/L) in samples of agricultural environment compared to 

the samples from the Conservation Unit (Borges et al., 2019). 

 

Statistical analyses 

 

We presented the in situ data as means±standard deviation. We 

evaluated the variation in the frequency of micronuclei (MN) and other nuclear 

abnormalities (NB+RE+BI+AP+AN) between study areas and among species 

using the nonparametric Kruskal-Wallis analysis of variance, followed by Dunn’s 

test. A factorial Analysis of Variance (ANOVA), with Tukey’spost-hoc test was 

used to evaluate the set of erythrocytenuclear abnormalities (ENAs). In this 

case, the data were root-transformed to satisfy the assumption of homogeneity 

of variance. A significance of p < 0.05 was considered for all analyses. 
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Results 

 

 In this study, no genotoxic damage was found related to the formation of 

micronucleated-cells for the three species evaluated between the study 

environments (H = 4.8391, P = 0.43) (Table 1). However, reniform cells were 

significantly more frequent (H = 13.6809, P = 0.01) in the tadpoles from the farm 

land, in comparison with the control (Table 1). The data on the micronuclei and 

other erythrocyte nuclear abnormalities (NB, RE, BI, AP, and AN) in the three 

anuran species are shown in Table 1 and Figure 1. No significant variation was 

found among the three species (D. minutus, P. cuvieri and S. fuscovarius) in the 

frequency micronuclei, either at Rio Verde (H = 3.463, P = 0.20) or in Emas 

National Park (H = 0.5446, P = 0.76). 

 

 
Table 1 Mean±standard deviation of the frequency of micronuclei and other 

erythrocyte nuclear abnormalities (ENAs) observed per 1000 cells in tadpoles, 
comparing anuran species and environments  
 
Species/Area MN/1000 cells Others erythrocyte nuclear abnormalities/1000 cells 

  NB RE BI AP AN 

PNE       

D. minutus 0.20±0.42 0.00±0.00 0.70±0.67 0.20±0.63 0.00±0.00 0.80±2.53 

P. cuvieri 0.20±0.63 0.10±0.32 0.20±0.42 0.10±0.32 0.00±0.00 0.40±1.26 

S. fuscovarius 000±0.00 0.00±0.00 0.60±1.07 0.10±0.32 0.00±0.00 0.00±0.00 

Rio Verde       

D. minutus 0.40±0.52 0.20±0.42 1.60±2,55 0.50±0.71 0.10±0.32 0.60±1.90 
P. cuvieri 0.60±0.97 0.40±0.70   3.50±5.23* 0.00±0.00 0.30±0.67 0.70±1.89 
S. fuscovarius 0.00±0.00 0.30±0.67 2.90±2.56 1.00±1.05 0.00±0.00 0.20±0.42 

PNE = Emas National Park; Rio Verde = farmland in the municipality of Rio 
Verde, Goiás. MN = Micronucleus, NB = nuclear buds, RE = nuclei reniform, BI 
= binucleated cell, AP = Apoptotic cell, AN = anucleated cell. *Significant 
difference (p <0.05) comparing PNE species to reniform cells  
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Fig. 1 Erythrocytes of tadpoles, magnified 1000x: (A) micronucleus, (B) nuclear 
bud; (C) reniform nucleus; (D) binucleated cell; (E) Apoptotic cell, and (F) 
anucleated cell 

 
 
In the combined analysis of all erythrocyte nuclear abnormalities (ENAs), 

a significant difference was found between environments (F1,54= 16.340, P < 

0.001), with higher frequencies being recorded in the farmland (Fig. 2 A). 

Overall, then, in the comparison between the two study areas, only S. 

fuscovarius presented a significant difference between environments in the set 

of erythrocyte abnormalities found in the tadpoles (Fig. 2 B). 

 
 

 

Fig. 2 Erythrocyte nuclear abnormalities (ENAs) in tadpoles sampled in a 
protected area (Emas National Park = PNE) and farmland (Rio Verde = RV). 
The root-transformed data are presented as the mean (circles) and standard 
deviations (vertical bars). A: the asterisk indicates a significant difference in the 
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ENAs recorded in RV in comparison with the control (PNE). B: different letters 
indicate significant differences, whereas the values marked with the same 
letters are statistically similar to one another, based on the factorial ANOVA. 
 
 
Discussion 

 

Although Brazil is rich in anurans diversity, the use of hematological test, 

such as the micronucleus assay, has been applied in these animals for a little 

more than a decade (Ferreira et al. 2003), to track environmental toxicity. Thus, 

in order to expand the knowledge of the anthropic impact on tadpoles for an on-

site approach.  In the present study here we find no significant variation 

between species of anurans within each environment (Emas National Park and 

agricultural land), either by micronuclei or other nuclear erythrocyte 

abnormalities, that is, nuclear buds, apoptotic cells and anucleated cells. In 

contrast, there was a higher rate of reniform nucleus cells in P. cuvieri than in 

the control area. Lajmanovich et al. (2014) and Arcaute et al. (2014) observed 

that nuclear abnormalities may be a consequence of exposure to environmental 

contaminants with cytotoxic, genotoxic, or mutagenic activity, which is 

consistent with our findings. Binucleated cells and nuclear buds can be 

considered to be indicators of genetic damage (Cavas and Ergene-Gözükara 

2005; GökalpMuranli and Güner 2011), and even though no significant 

differences were found in the present study, the findings were similar to those 

on the micronuclei. A number of previous in situ studies have detected an 

increase in the frequency of micronuclei in agricultural environments, in 

comparison with control areas (Gonçalves et al. 2015; Pollo et al. 2016; Cruz-

Esquivel et al. 2017).  

Experimental ex situ studies have also shown the impact of pesticides, 

through the induction of micronuclei and other nuclear abnormalities (Arcaute et 

al. 2014; Jing et al. 2017; Gonçalves et al. 2017b; Natale et al. 2018). In 

general, in situ studies are popular tools in aquatic toxicology, and their 

application for the determination of specific toxicological effects of the 

environment is highly recommended (Castro et al. 2003; Antunes et al. 2008). 
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We emphasize that even though there is no statistical significance for the 

frequency of MN for the studied species, Dendropsophus minutus and 

Physalaemus cuvieri from the agricultural environment always presented mean 

MN frequencies higher than those recorded in Conservation Units. However, we 

suggest that these organisms, especially S.fuscovarius, can be considered 

sentinels for environmental disturbance, since in the ENAs analysis, this 

species responded to the different land use. As far as we know, this is the first 

micronucleus test study on S. fuscovarius and P. cuvieri under natural 

conditions for the detection of genotoxic effects, although comet assays are 

available for P. cuvieri tadpoles from pools in soybean plantations, where the 

specimens presented significantly more DNA damage, in comparison with the 

control (Gonçalves et al. 2017a). Gonçalves et al. (2015) also found that D. 

minutes specimens from disturbed areas had large quantities of DNA damage in 

blood cells, in comparison with animals from areas with no agricultural activities. 

In a more recent study, these same authors (Gonçalves et al. 2017b) concluded 

that atrazine is clastogenic, with dose-dependent genotoxic and mutagenic 

effects in D. minutus, depending on the larval development phase. Studies of 

this kind are important for the identification of sentinel species that are more 

sensitive to environmental pressures, and require more data. Brodeur et al. 

(2009) and Zaya et al. (2011) concluded that atrazine may provoke a range of 

effects, ranging from morphological alterations, such as the inversion of the sex 

of the adults, to shifts in behavior, as seen in the reduced swimming capacity of 

the tadpoles. 

The integrated analysis of all nuclear abnormalities nevertheless 

revealed effects of environmental disturbance. Agricultural environments favor 

an increase in nuclear abnormalities, as confirmed in in situ studies (Babini et 

al. 2016), as well as in areas impacted by mining (Pollo et al. 2016; Pollo et al. 

2017). In an ex situ study, Lajmanovich et al. (2014) observed that R. arenarum 

exposed to herbicide presented an increase in the frequency of damaged 

erythrocytes. 

Our findings are also consistent with the results of controlled ex situ 
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studies of agricultural contaminants (Lajmanovich et al. 2014; Montalvão and 

Malafaia 2017). In these cases, the frequency of ENAs was consistently higher 

than that of micronuclei, as also shown by Pollo et al. (2016). These findings 

indicate a greater genetic instability in S. fuscovarius from farmland, in 

comparison with preserved areas. Pesticides were shown to provoke a 

biochemical response in S. fuscovarius tadpoles, with an increase in 

susceptibility to environmental contaminants (Margarido et al. 2013). All thees 

findings point clearly to an increase in genotoxic susceptibility in disturbed 

areas, in comparison with more preserved environments. 

Overall, then, the present study provides important insights into the in 

situ vulnerability of anurans of the Brazilian Cerrado to genotoxic effects in 

agricultural environments, for which data are still scant. Further research is 

clearly needed on these species, in particular for the different stages of 

development. In Gonçalves et al. (2017b), the pre-metamorphic stage of D. 

minutus presented a significantly larger quantity of DNA damage and 

micronuclei, although, depending on the dose, the most extensive DNA damage 

was found in stages 42–43GS. The sampling of adult specimens would also 

provide important insights, as would the more systematic evaluation of 

disturbance, through the analysis of water quality, for example. The 

morphological analysis of tissue may also provide an ampler perspective on the 

health of both the amphibians and the environment. Based on these 

biomarkers, combined with the MN test, it should be possible to reduce the 

potential for false positives, and provide a more reliable and systematic analysis 

of the phenomenon. Reinforcing these conclusions, Barni et al. (2007) pointed 

out that these organisms react to environmental contaminants through 

alterations in certain specific structural and functional parameters (biomarkers) 

at different hierarchical levels, that is, in the molecules, cells, tissue, and 

organs. 
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Conclusion 

 

This study showed the application of the micronucleus test in anurans in 

Brazil. We provides new in situ data from soybean plantations in the Brazilian 

Cerrado savanna, which demonstrated that P. cuvieri (increase in reniform 

nuclei) and S. fuscovarius (increase in all erythrocyte nuclear anomalies) are 

potential candidates for sentinel species in disturbed environments. Overall, the 

micronucleus test applied to the analysis of tadpoles is a rapid and effective 

method for the detection of genotoxic damage, which would be recommendable 

for in situ studies of the response of anurans to environmental disturbance.  
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10. APÊNDICE C - CAPÍTULO 3: Manuscript submetted for Herpetology Notes 

 

First occurrence of Physalaemus albonotatus (Steindachner, 1864) 
(Anura, Leiuperidae) for the state of Goiás, Brazil. 
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 Currently, the Physalaemus cuvieri species group comprises the 

following species: P. albonotatus (Steindachner, 1864); P. centralis Bokermann, 

1962; P. cicada Bokermann, 1966; P. cuqui Lobo, 1993; P. cuvieri Fitzinger, 

1826; P. ephippifer (Steindachner, 1864), P. erikae Cruz and Pimenta, 2004; P. 

fischeri (Boulenger, 1890), P. atim Brasileiro e Haddad, 2015 and P. kroyeri 

(Reinhardt and Lütken, 1862) (Nascimento et al., 2005; Lourenço et al., 2015; 

Brasileiro e Haddad, 2015). Physalaemus albonotatus occurs in Argentina, 

Bolivia, Brazil, and Paraguay (Frost 2018). In Brazil, specifically, this species 

occurs only in the Mato Grosso and Mato Grosso do Sul states (Frost 2018).   

On January 26, 2017, during fieldwork in the Emas National Park 

municipality of Mineiros (18º15’47.78”S, 52º53’23.90”W; Datum = WGS84; 783 

m a.s.l.), state of Goiás, Brazil, we found two males of P. albonotatus in calling 

activity. We observed these individuals in a temporary pond (e.g., dammed 

water), next to Formoso river (~ 215 meters), characterized by having scarce 

vegetation in its interior, but dense vegetation in its margin. We manually 

collected these individuals, euthanized with 5% benzocaine, fixed in 10% 

formaldehyde and preserved in 70% ethanol and housed at the Herpetological 

Collection of the Instituto Federal Goiano – Campus Rio Verde (IFGoianoRV 

405 and 420).  
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We identified the specimen based on morphological visual characters, 

such as dark gray coloration (Fig. 1) with discrete dark horizontal stripes on the 

legs and a whitish ventral color (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Dorsal view of an adult specimen of Physalaemus albonotatus 

collected in the Emas National Park. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Side view (A), dorsal (B) and ventral (C) of the adult specimen of 

Physalaemus albonotatus collected in the Emas National Park. 
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 Also we measured the individuals with a caliper (nearest 0.05 mm) using 

the following morphometric data: total length (LT), head width (WH), interocular 

distance (DI), eye-nostril distance (DEN), distance inter-nostril (DIN), length of 

thigh (LTH), length of tibia (LTB), head length (LH); a snout length index (ILS) 

was calculated by DEN/ LH according to Brasileiro and Haddad (2015) (Tab. 1).  

 

Table 1. Morphometric traits of males of Physalaemus albonotatus (in mm; n = 

2). The abbreviations of the characteristic measurements are defined in Material 

and Methods. 

 

P. 

albonotatus 

LT WH DI DEN DIN LTH LTB LH ILS 

Specimen 1 

Specimen 2 

29,12 10,09 5,18 2,33 2,02 10,97 11,30 10,79 0,22 

29,16 9,57 5,25 2,36 2,04 10,94 11,39 11,05 0,21 

 

Our report represents the first occurrence of the Physalaemus 

albonotatus in Goiás (Figure 3). In their study with the anuran community from 

Emas National Park, Kopp et al. (2010) did not register this species. 

Additionally, Morais et al. (2011) conducted intense sampling of anurans in the 

southwest region from Goiás state; however, no specimens of Physalaemus 

albonotatus were found. Morais et al. (2012) reported the occurrence of P. aff. 

albonotatus at Silvânia National Forest, Goiás state. Additional sampling and 

analyzes (e.g., acoustical and/or morphological) are necessary for the 

confirmed the identification of this population. This population could also be P. 

atim due to the resemblance with P. albonotatus, both morphological and 

acoustic. The straight-line distance between the area studied by Morais et al. 

(2012) and the area in which the specimen of Physalaemus albonotatus was 

found is 488km. However, distance between type-locality of P. atim (Campo 

Largo, Goiás state) the area studied by Morais et al. (2012) are approximately 

70 Km. The discovery of Physalaemus albonotatus in the State of Goiás 



78 

 

reinforces the need for further surveys to understand patterns of occurrence 

and distribution of anurans species to the southwest region of the state, 

especially due to the strong anthropogenic pressures that threaten the fauna of 

the Cerrado amphibians Brazilian. 

 

Figure 3. Current distribution of Physalaemus albonotatus and location of the 

new record (18º15'47.78 ''S; 52º53'23.90''W) of the species. 
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