RESSALVA

Atendendo solicitacao do
autor, o texto completo desta tese
seré disponibilizado somente a partir
de 26/04/2021.



- UNIVERSIDADE ESTADUAL PAULISTA ’
Avavy “JULIO DE MESQUITA FILHO” IPBEN
u n e S p ol INSTITUTO DE PESQUISA EM Instituto de Pesquisa
BIOENERGIA em Bioenergia

PROGRAMA INTEGRADO (UNESP, USP E UNICAMP) DE POS-GRADUACAO
EM BIOENERGIA

ECOLOGICAL AND ECOTOXICOLOGICAL IMPACTS OF SUGARCANE
CULTURES ON AMPHIBIAN TADPOLE COMMUNITIES

DAVID SANCHEZ DOMENE

Tese apresentada ao Instituto de
Pesquisa em Bioenergia de Rio
Claro, Universidade Estadual
Paulista, como parte dos requisitos
para obtencéao do titulo de Doutor
em Ciéncias.

Orientador(a):

Eduardo Alves de Almeida

Rio Claro - SP
Abril 2019



UNIVERSIDADE ESTADUAL PAULISTA
“JULIO DE MESQUITA FILHO”
INSTITUTO DE PESQUISA EM

BIOENERGIA

PROGRAMA INTEGRADO (UNESP, USP E UNICAMP) DE POS-GRADUACAO
EM BIOENERGIA

ECOLOGICAL AND ECOTOXICOLOGICAL IMPACTS OF SUGARCANE
CULTURES ON AMPHIBIAN TADPOLE COMMUNITIES

DAVID SANCHEZ DOMENE

Rio Claro — SP
Abril 2019



S2111 Sanchez-Domene, David
Impactos ecoldgicos e ecotoxicoldgicos das culturas de
cana-de-acticar nas comunidades de girinos anfibios /
David Sanchez-Domene. -- Rio Claro, 2019
149 p. : 1l., tabs., fotos, mapas

Tese (doutorado) - Universidade Estadual Paulista
(Unesp), Instituto de Pesquisa em Bioenergia, Rio Claro
Orientador: Prof. Dr. Eduardo Alves de Almeida

1. Ecologia. 2. Girino. 3. Pesticidas e vida selvagem. 4.
Cana-de-acucar. I. Titulo.

Sistema de geracdo automatica de fichas catalograficas da Unesp. Biblioteca do
Instituto de Pesquisa em Bioenergia, Rio Claro. Dados fornecidos pelo autor(a).

Essa ficha ndo pode ser modificada.



Folha de aprovacao

David Sanchez Domene

ECOLOGICAL AND ECOTOXICOLOGICAL IMPACTS OF
SUGARCANE CULTURES ON AMPHIBIAN TADPOLE
COMMUNITIES

Tese de Doutorado apresentada ao Instituto de Pesquisa
em Bioenergia do Céampus de Rio Claro, da
Universidade Estadual Paulista “Julio de Mesquita
Filho”, como parte dos requisitos para obtencao do titulo
de Doutor em Ciéncias.

Comissao examinadora

Prof. Dr. Eduardo Alves de Almeida
FURB — Universidade Regional de Blumenau, Santa Catarina, Brasil

Dra. Juliane Silberschmidt Freitas
Pés-Doutoranda USP — Universidade de Sdao Paulo, Sao Paulo, Brasil

Prof. Dr. Luis Olimpio Menta Giasson
FURB — Universidade Regional de Blumenau, Santa Catarina, Brasil

Prof. Dr. Camilo Dias Seabra Pereira
UNIFESP — Universidade Federal de Sdo Paulo, Sdo Paulo, Brasil

Prof. Dra. Maria Stela Maioli
UNESP — Universidade Estadual Paulista, Sdo Paulo, Brasil

Conceito: Aprovado

Rio Claro — 26 de Abril de 2019



A mis padres Angel e Isa por apoyarme en todo.
A mi hermana por no dejar de echarme de menos.

A Alba por ser mi compaiiera de viaje, mi todo.



AGRADECIMENTOS

O presente trabalho foi realizado com apoio da Coordenagdo de Aperfeicoamento de Pessoal

de Nivel Superior - Brasil (CAPES) - Cédigo de Financiamento 001



A lo largo de estos afios son muchas las personas e instituciones que han participado en este

trabajo, y es a ellas a quienes quiero expresar mi gratitud por el apoyo y la confianza ofrecido.

Minhas primeiras linhas vao dedicadas ao eixe principal deste trabalho: Eduardo A. de
Almeida, gracias por sua orientagdo desde o inicio, pelo apoio incondicional e a confianca que
sempre mostrou ter em mim. Gracias por ter-me dado a oportunidade de trabalhar ao seu lado,

descobrindo assim a ecotoxicologia, e pelo carinho e amizade que vocé sempre me mostrou.

Infinitamente grato a Denise C. Rossa-Feres, e ao Reinaldo, gracias por me receber com os
bracos abertos desde o primeiro minuto em que cheguei em Rio Preto, por o tempo que vocé
me dedicou para me ensinar sobre ecologia e sobre a vida. Alba e eu nunca esqueceremos o

natal e as férias vividas com voceés.
A German Lopez Iborra por acogerme durante mi etapa final de tesis en Espafia.

Ricardo J. Sawaya, Dani Betanyani e Nina Betanyani-Sawaya, obrigado por nos receber em
sua casa tantas vezes, por nos fazer parte de vocé€s. Gracias pela sua amizade, vou lembrar toda

a minha vida.

Leandro R. Tambosi, Mariana Vidal e o novinho Jodozinho (ainda tenho que te conhecer
pessoalmente), obrigado por nos receber em sua casa tantas vezes, pela sua familia, pelas férias,

pelo sitio, ... obrigaddo.

Aos colegas do laboratério de Biomarcadores de Contaminacdo Aquética pelo apoio na

pesquisa: Alexandre, Danilo, Ju, Isa, Andreia, Marcelo, Priscila.... (pena a dissolu¢do do lab).

Ao laboratorio de Ecologia Teorica da Ibilce por me proporcionar um habitat onde me
desenvolver e onde a ciéncia e a amizade sempre estavam. Obrigado Carlao pelas risadas, o
trabalho em campo... e ao resto de sobrinhos da tia Dé: Fabi (que ainda hoje continua ajudando
muito), Mainara, Katiuce, Paquito (Rodolfo), Sayuri, Fernanda e Cristiano, gracias pela

aprendizagem, os litros de café, as festas juninas e todos os bons momentos.

A Maria Stela M. Castilho-Noll, Angélica, Erick e Larissa pela ajuda material e

metodoldgica oferecida com o fitoplancton.



Aos profissionais da Seccao de P6s-Graduacao da Ibilce assim como do Ipben pela presteza

e atencdo com que sempre fui tratado.
Aos companheiros de grama, por esses jogos de bola tdo “profissionais”.

A mis amigos y mejores vecinos, Mariana Molina, Arturo Solis y Monty, por estar para todo

siempre con una sonrisa.

E finalmente, aos familiares e amigos que ainda longe sempre me recordarem; e como nao,

a minha segunda casa... Brasil. Infinitamente grato ao seu povo pela oportunidade oferecida.



RESUMO

O Estado de Sao Paulo é responsavel pela producdo da metade da cana-de-agicar no Brasil,
e segue crescendo, sendo esse cultivo um dos principais responsaveis pelo desmatamento no
interior do estado. A atual expansdo da cana-de-aguicar estd ocorrendo principalmente sob dreas
de cultivos anuais e pastagens de pecudria extensiva. Embora possa parecer positivo, essa
conversao de pastagens supde um grande impacto sobre as pogas de dgua construidas como
bebedouros para o gado, as quais abrangem altas propor¢des de biodiversidade a sua vez. Nesse
cendrio, os anfibios sdo especialmente vulnerdveis, uma vez que a grande maioria das espécies
de anuros, registrados no interior do estado, se reproduz nestas pogas que estdo sendo
transformadas ou mesmo desaparecendo. Além disso, o cultivo intensivo de cana-de-agucar
exige o uso de agrotoxicos que devido as fortes precipitagdes sazonais provocam escoamento
superficial a estes leitos aqudticos e sua subsequente contaminagdo por misturas complexas de
pesticidas. Nesta dissertacdo de doutorado sao apresentados os resultados de um estudo sobre
os impactos ecoldgicos e ecotoxicologicos em girinos de diferentes espécies de anuros que
habitam pogas tempordrias anexas aos cultivos de cana-de-acticar. O estudo foi realizado na
area agricola circundante da cidade de Sdo José do Rio Preto, uma das principais dreas de
producdo de cana-de-acucar no noroeste paulista. A vegetacdo nativa dessa regido tem sido
continuamente desmatada desde o século XIX, e nas ultimas décadas tem experimentado uma
intensa expansdo do cultivo de cana-de-actcar, substituindo principalmente pastagens, o que
torna essa regido um local idoneo para pesquisa da anurofauna, a qual tem sido extensivamente
estudada desde meados dos anos 60. Para compreender os impactos ecoldgicos e
ecotoxicolégicos nos girinos que habitam as pogas temporais anexas aos cultivos de cana-de-
actcar, esta dissertacdo estd formada por quatro capitulos nos quais sao avaliados i) os impactos
do cultivo da cana-de-acticar sobre a estrutura das comunidades de anuros associadas a pogas
temporéarias por meio do estudo dos efeitos das caracteristicas locais das pocas, da paisagem
entorno a elas e da contaminacdo por pesticidas, ii) as malformacdes oculares encontradas em
girinos coletados durante as amostragens de campo, iii) a confiabilidade do teste de
desempenho de natacdo de escape como ferramenta para a detec¢do de comprometimento da
mobilidade em organismos aquéticos expostos a pesticidas, e iv) os efeitos nas comunidades
de dgua doce das misturas de pesticidas em um experimento microcosmos. Os resultados desses
estudos vao desde a confirmac¢do da importancia das pogas para a conservacao de anfibios, até
a deteccdo de contaminagdo generalizada na regido de S@o José do Rio Preto, bem como a
apresentacdo dos primeiros casos de malformacdes anfibias em paisagens agricolas no Brasil,
e a primeira linha de base de malformagdes para anfibios na América do Sul.

Palavras-chave: Anfibios, Cana-de-actcar, Pesticidas, Mudanca do uso do solo



ABSTRACT

Sdo Paulo state cultivates half of the sugarcane in Brazil, being this culture among the main
responsible for deforestation in the inland of the state. Current expansion of sugarcane is taking
place mostly over annual croplands and extensive cattle ranching pastures. Although it may
seem positive, this pasture conversion supposes a major impact on cattle ponds which support
high proportions of biodiversity. In this scenario, amphibian populations are especially
vulnerable since the vast majority of the anurans registered in the inland of the state breed in
cattle ponds which are been transformed or even disappearing. In addition, intensive sugarcane
culture demands the usage of pesticides which can enter ponds when heavy precipitation events
cause surface run-off. Consequently, complex mixtures of pesticides occur in ponds near to
cultures. In this doctoral dissertation are presented the results of a study of the ecological and
ecotoxicological impacts on tadpoles of anurans species inhabiting temporary breeding ponds
annex to sugarcane cultures. The study was conducted in the surrounding sugarcane-dominated
agricultural area of the city of Sdo José do Rio Preto, which stands out as an appropriate place
for the research purpose, since it is part of Sdo José do Rio Preto macro region, in the
northwestern of Sdo Paulo state, one of the major sugarcane production areas in Brazil, its
native vegetation has been intensely deforested since the 19" century, in the last decades has
experienced one of the greatest sugarcane expansions, mostly replacing cattle pastures, and its
anurofauna has been extensively studied since mid-1960s. The dissertation includes four
chapters in which are assessed i) the impacts of sugarcane cultivation on the anuran
communities structure associated to temporary breeding ponds by assessing the effects of
ponds characteristics, landscape and pesticides contamination, ii) eye malformation found in
tadpoles collected during field samplings, iii) the reliability of the escape swimming
performance test as a tool for the detection of motility impairment in aquatic organisms
exposed to a pesticides, and iv) the effects on freshwater communities of pesticides mixtures
in an outdoor microcosms experiment. The findings from these studies range from the
confirmation of the importance of cattle ponds for amphibian conservation to the detection of
widespread contamination in Sdo José de Rio Preto region, as well as the introduction of the
first report of amphibian malformations in agricultural landscapes in Brazil, as well as first
malformation baseline for amphibians in South America.

Keywords: Amphibians, Sugarcane, Pesticides, Land-use-change
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GENERAL INTRODUCTION

In the early 70s, the report “Limits to Growth” alarmed about the global ecological
constraints caused by the economic and population growth (Meadows et al. 2002), however
much of the forecasts exposed by this report, as declines in food production, population level
and energy availability, were overcome as a result of the research and technical development
(RTD) of agricultural technologies, and its adoption by developing countries (Glaeser, 2011;
Pingali and Raney, 2005). This RTD, named as “Green Revolution”, was based principally in
the genetic improvement of crops, the mechanization of farming, the expansion of irrigation
infrastructures, and the generalized use of synthetic fertilizers and pesticides, which doubled
and tripled crop yields (Glaeser, 2011; Jordan, 2013). In fact, food production per capita was
higher in the year 2000 than in 1970, despite having doubled population, and even though the
arable land per person declined by 40 percent, from 0.43 ha in 1961/63 to 0.26 ha in 1997/99
(Meadows et al. 2002; FAO, 2003). Thus, Green Revolution driven intensification saved an
estimated 18 to 27 million hectares of natural land from being brought into agricultural
production (Stevenson et al. 2013). Nevertheless, it is scientific consensus that agriculture is
the activity that has most modified the earth surface (Vitousek, 1997; World Bank 2001;
Tilman et al. 2001; Foley, 2005). In 2016, agriculture used near to one-third of total land area,
with India, United States of America, Russian Federation, China and Brazil alone representing

40 percent (FAO, 2018).

In Brazil, which holds the greatest diversity of amphibian species in the world
(AmphibiaWeb, 2019), land use transformation is the main threat to amphibians (Eterovick et
al. 2005; Silvano and Segalla, 2005). Amphibians endangerment is a global phenomenon, in
fact the International Union for Conservation of Nature (IUCN) reports that approximately
40% of the world's amphibian species are endangered, making them the most vulnerable group

among vertebrates (IUCN, 2019). Different studies have shown that amphibian population
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declines are the reflect of complex interactions of impacts such as exotic species introduction
(Fisher and Shaffer, 1996; Kiesecker et al. 2001), UV-radiation increase (Blaustein et al. 1994,
1997; Anzalone et al. 1998), climatic changes (Pounds, 2001), the emergence infectious
diseases (Berger et al. 1998, 1999), the habitat loss and land-use changes (Stuart et al. 2004;
Cushmann, 2006), and the environmental contamination by anthropogenic pollutants

(Blaustein et al. 2003).

In the last two decades, large areas in Brazil have been transformed by agribusiness because
of the National Alcohol Program - Prodlcool (Friberg, 2009, Lapola, 2010), which promoted
sugarcane expansion to replace petroleum by sugar-derived ethanol in 1975. Further
reinforcing this strategy, as a consequence of the Paris climate agreement within the United
Nations Framework Convention on Climate Change (2015), the Brazilian government
announced the “RenovaBio” program to boost participation of renewable fuels in its energy
mix, which seeks an increase in ethanol production from 28 billion liters per year in 2015 to
around 50 billion liters by 2030 (MME, 2017). Although in the last years has experienced a
decline, Brazil remains the largest producer of sugar, and will continue to be the main producer

by 2027, producing 34% of the world's sugarcane (OECDE-FAO, 2018).

The state of Sdo Paulo cultivates half of the sugarcane in Brasil (UNICA, 2018).
Consequently, sugarcane is among the main responsible for deforestation in the inland of the
state (Kronka, 2005), however, current deforestation rate by sugarcane expansion is a minor
problem since it is taking place mostly over annual croplands and extensive cattle ranching
pastures (Aguiar et al. 2009; Egeskog et al. 2014). Although it may seem positive, this pasture
conversion is supposing a major impact on cattle ponds (Snodgrass et al. 2000; Beja and
Alcazar 2003), which support higher proportions of biodiversity of aquatic organisms
compared to larger freshwater systems (Santi et al. 2010; Biggs et al. 2014). In this scenario,
amphibians populations are especially vulnerable since the vast majority of the anurans

12



registered in the inland of the state breed in cattle ponds (Da Silva et al. 2012), which are
disappearing dramatically (Rodrigues et al. 2008; Joly et al. 2010), while the remaining ponds
suffer the simplification of their vegetation (Da Silva ef al. 2012), and pesticides contamination
(Schiesari and Grillitsch, 2011). Intensive sugarcane culture demands the usage of pesticides
such as herbicides, fungicides and insecticides, in order to prevent yield losses by pest
infestations (Oerke and Dehne, 2004; Velasco et al. 2012). Heavy precipitation events, typical
during the breeding season of amphibians in most inner Sdo Paulo state, cause surface run-off
which are the major route for pesticides entry into agricultural water bodies, (Leu et al. 2004;
Taghavi et al. 2010; Stehle and Schulz, 2015). Consequently, complex mixtures of pesticides
occur in water bodies near to cultures (Leu et al. 2004; Armas et al. 2005; Stehle and
Schulz,2015; Sanchez-Domene et al. 2018). Thus, whereas vegetation simplification reduces
the number of microhabitats available to meet anuran species-specific requirements (Da Silva
et al. 2012), pesticides contamination cause alterations in reproduction and development,
malformations, biochemical disfunctions, immunosuppression, and mortality (e.g. Relyea
2005, 2008; Rohr et al. 2009; Mann et al. 2009; Shuman-Goodier and Propper, 2016; Freitas

et al. 2017).

This doctoral dissertation presents a study of the ecological and ecotoxicological impacts
on tadpoles of anurans species inhabiting temporary breeding ponds annex to sugarcane
cultures. The study was done in the surrounding sugarcane-dominated agricultural area of the
city of Sdo José do Rio Preto, which stands out as an appropriate place for the research purpose,
since it is part of Sdo José do Rio Preto macro region, in the northwestern of Sao Paulo state,
one of the major sugarcane production areas in Brazil, with around 894.736,80 hectares
cultivated in 2018; involving 96 cities and a population of 1.5 million, approximately (IEA,
2019; SEADE, 2019). The native vegetation of this region has been intensely deforested since

the 19™ century, being replaced by pastures, croplands, and urban areas (Kronka et al. 1993).
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Currently just a 4% of the native semi-deciduous Atlantic forests and Cerrado formations

remains (Nalon et al. 2008), making this region the most deforested and fragmented in the state

(Rodrigues et al. 2008). In the last decades, the region has experienced one of the greatest

sugarcane expansions, mostly replacing cattle pastures (Aguiar ef al. 2009). This, together with

the extensive knowledge of its anurofauna, studied since mid-1960s (Provete et al. 2011),

makes this region an appropriate place to study the impact of sugarcane expansion over the

anurans associated to temporary breeding ponds.

The dissertation includes four chapters:

1.

Effects of habitat characteristics and landscape on amphibian communities
inhabiting a sugarcane dominated agroecosystem, in which was studied the impact
of sugarcane cultivation on the anuran communities structure associated to temporary
breeding ponds by assessing the effects of local (ponds characteristics), landscape (land

uses surrounding ponds), and contamination (pesticides in water) factors.

Eye malformation baseline in Scinax fuscovarius larvae populations that inhabit
agroecosystem ponds in southern Brazil, in which were studied rare eye

malformations found in tadpoles collected during field samplings.

First vs. Best response analysis in escape swimming performance tests for
ecotoxicology in tadpoles (Boana lundii), in which the reliability of the escape
swimming performance test as a tool for the detection of motility impairment in aquatic

organisms exposed to a pesticide was assessed.

Effects of pesticides mixtures occurring at tropical agroecosystems small water
bodies on representative freshwater communities: a microcosm approach, in which
the effects on freshwater communities (phytoplankton-periphyton-tadpoles) of a field-
based mixture of pesticides, at two concentrations, were assessed in an outdoor

microcosms experiment.
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General conclusions

The main conclusions obtained
after the work carried out during

this research are listed below.
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GENERAL CONCLUSIONS

Widespread pesticides contamination in ponds annex to sugarcane-dominated agroecosystems

in northwest S@o Paulo have been detected. Traces of 10 different compounds were identified.

Species incidence and abundance of amphibian tadpoles in ponds from sugarcane-dominated
agroecosystems are differently governed. While distance to forest fragments was the only factor
driving the incidence, and also richness, of species, local pond variables, mostly those related

to vegetation, were the only ones explaining their abundances.

The importance of maintaining ponds and native forest fragments, both endangered by
sugarcane monoculture expansion, for successful amphibian conservation plans has been
supported. In addition, the priority of preserving ponds with abundant stratified vegetation, with
short and permeable connecting space with forest fragments, and located where runoff

contamination is unlikely, has been argued.

First report of amphibian malformations in agricultural landscapes in Brazil, as well as first
malformation baseline for amphibians in South America have been presented. This will be
useful for future ecotoxicological surveys on amphibian populations inhabiting tropical

agroecosystems.

We manage to prove that the two main analytical approaches used in escape swimming
performance tests, first and best response analysis, can offer different results, thus leading to

different conclusions when assessing the impact of toxicants over organisms.
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6. The sole use of acetylcholinesterase as biomarker of exposure to organophosphate insecticides
in tadpoles may be underestimating the effects of environmentally relevant concentrations

given that escape’s performance is also affected by non-cholinergic effects.

7. Although pesticides concentrations found in ponds from the sugarcane-dominated
agroecosystems surrounding Sdo José do Rio Preto did not show any dramatical effect neither
on periphyton, phytoplankton, nor amphibians, the widespread contamination detected
represents a potential danger for freshwater communities inhabiting agricultural ponds.
Therefore, monitoring ponds annex to sugarcane plantations is recommended in order to favor
early detections of dangerous concentrations of pesticides which could endanger freshwater

communities inhabiting them.

8. Well ground water from the facilities of UNESP-Ibilce (Sao José do Rio Preto) were
contaminated by at least 9 pesticides. This is added to the widespread pesticide contamination
detected at ponds from the sugarcane-dominated agroecosystem surrounding Sao José do Rio

Preto. These findings join to the allegations of widespread pesticides contamination in Brazil.
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