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Evaluating the effects of oil palm plantations (Elaeis guineensis) on

amphibian anurans conservation in the eastern Amazon

ABSTACT

In this thesis, we analyzed the effects of oil palm cultivation (Elaeis guineensis) on
taxonomic and functional diversity of anurans in the eastern Amazon. In addition, we
analyzed the response of anurans to environmental variation in oil palm plantations and
surrounding forests. We surveyed for the presence of anurans in April 2012, 2015 and
2016, in 2100 m? plots through visual and acoustic searches. In April 2016, we also
measured microclimatic (air temperature and humidity) and habitat structural variables
(water body width and depth, leaf litter depth, canopy openness and number of trees) in
both habitat types. We found higher functional diversity and species richness in forests,
with difference in species composition and functional characters distribution between
forests and oil palm plantations. Water body depth and width positively affected species
richness and number of individuals, while water body depth and diurnal temperature
influenced species composition in oil palm plantations. Only number of individuals was
positively affected by diurnal temperature and nocturnal humidity in forests, while
species composition and richness were not affected by any environmental variable in this
habitat type. Our results make clear that conversion of forests to oil palm plantations
negatively affects anurans taxonomic and functional diversity, making urgent the
maintenance of forests surrounding the plantations as a way to reduce the negative

impacts.

Keywords: Frogs, Rainforest, Diversity, Functional, Taxonomic



Avaliacao dos efeitos da plantacdo de palmas (Elaeis guineensis) na

conservacao de anfibios anuros na Amazénia oriental

RESUMO

Esta tese analisou os efeitos do cultivo de palmas de dendé (Elaeis guineensis) sobre a
diversidade taxondmica e funcional de anuros na Amazonia oriental, além de como o
grupo responde as variagdes ambientais nas areas de cultivo e de florestas ao redor.
Fizemos amostragens durante o més de abril de 2012, 2015 e 2016, usando o método de
parcelas de 2100 m? por procura ativa visual e acUstica. Durante as coletas de 2016
também foram medidas variaveis microclimaticas (temperatura e umidade do ar) e
estruturais do habitat (profundidade e largura da poca, altura de serrapilheira, abertura de
dossel e densidade de arvores) nas areas de floresta e de plantacdo de dendé. Observamos
maior riqueza e diversidade funcional nas florestas, com diferenca na composigéo de
espécies e distribuicdo dos caracteres funcionais entre esses dois ambientes. Nas
plantagdes de palma de dendé, largura e profundidade do corpo d’adgua afetaram
positivamente a riqueza e abundancia total de anuros, respectivamente, enquanto que
profundidade do corpo d’4gua e temperatura diurna tiveram influéncia na composi¢ao de
espécies. Nas areas de floresta, somente a abundéncia total de anuros foi afetada
positivamente pela temperatura diurna e umidade noturna, enquanto que nenhuma
variavel ambiental afetou a composicdo de anuros nesse ambiente. Nossos resultados
deixam claro que a converséo de habitats florestais para monoculturas de palma de dendé
afeta negativamente a diversidade de anuros tanto no nivel taxonémico quanto funcional,
tornando cada vez mais necessaria a manutencéo de florestas ao redor das monoculturas
como forma de amenizar seus impactos.

Palavras-chave: Sapos, Floresta tropical, Diversidade, Taxonémica, Funcional
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INTRODUCAO GERAL

Florestas tropicais séo ecossistemas que abrigam uma das maiores diversidades de
espécies do planeta. No entanto, tem ocorrido um crescente desmatamento e alteracdes
na paisagem florestal nas ultimas décadas, impulsionados principalmente por atividades
econdmicas, como a extracdo madeireira, mineracao e agropecuaria (Gascon et al., 2001,
Laurance et al., 2004, Vijay et al., 2016, Austin et al., 2017). Tais alteragcbes geram
mudancas diretas e indiretas na estrutura fisica do habitat (Camargo & Kapos, 1995; Chen
et al., 1999; Laurance, 2004), e deixam o0 ambiente mais homogéneo e com menos
recursos disponiveis (O’Connor, 1991; Zwick, 1992; Benton et al., 2003), levando ao
declinio de populagdes de espécies especializadas em determinado tipo de hébitat e
microhabitat (Bender et al., 1998; Williams & Hero, 1998; Devictor et al., 2008).

Entre as atividades econdmicas que tem contribuido para aumento do desmatamento
na regido tropical, destaca-se o cultivo de monoculturas, como o de dendezeiros (Elaeis
guineensis), que tem crescido na regido tropical nos Ultimos anos em &reas onde antes
eram florestas (Fitzherbert et al., 2008). Comparadas a ambientes florestais, nas areas de
monoculturas de dendezeiros, a estrutura da vegetacao é mais simples e homogénea, com
menor cobertura de dossel, menor densidade de arvores no sub-bosque e auséncia de
arvores de grande porte e lianas (Fitzherbert et al., 2008; Danielsen et al., 2009; Faruk et
al., 2013), ocasionando auséncia ou menor quantidade de serapilheira. Toda essa
simplificacdo na estrutura ambiental afeta negativamente a biodiversidade, como
documentado para diversos grupos taxondmicos no sudeste asiatico (Aratrakorn et al.,
2006; Fitzherbert et al., 2008; Turner & Foster, 2009; Fayle et al., 2010; Gillespie et al.,
2012; Faruk et al., 2013).

Em comparacéo a outras oleoginosas, o cultivo de palmas de dendé na regido tropical

tem se destacado principalmente em virtude da maior rentabilidade, do clima e solo locais
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propicios para seu plantio, o que acaba fomentando a conversédo de areas de floresta em
areas de cultivo (Wilcove & Koh, 2010). Paises do sudeste da Asia, como Malésia e
Indonésia, sdo os maiores produtores de palmas de dendé no mundo (USDA, 2015), e
também onde grande parte das florestas nativas ja foram derrubadas para dar lugar a
monoculturas de dendezeiros, o que levou a mudancas drasticas na biodiversidade local
(Fitzherbert et al., 2008; Koh & Wilcove, 2008). No Brasil, ha grande potencial para o
crescimento da producéo, por conta de incentivos governamentais (Butler & Laurance,
2009) e por possuir uma grande area florestal na Amaz6nia com clima e solo adequados
para o cultivo (Stickler et al., 2008, Villela et al., 2014). Apesar disso, o Brasil ainda ndo
é um dos lideres mundiais em producdo de 6leo de dendé (Butler & Laurance, 2009,
Villela et al., 2014), o que nos da uma excelente oportunidade para minimizar os efeitos
dessa monocultura sobre a diversidade taxondmica e funcional através do conhecimento
de como as espécies estdo respondendo a essa perturbacdo ambiental. Desse modo,
poderédo ser propostas medidas conservacionistas antes que tais efeitos negativos sejam
irreversiveis, como os observados em paises no sudeste da Asia.

Diante desse cenario, o principal objetivo é avaliar os efeitos da plantacdo de palmas
de dendé (Elaeis guineensis) e de suas mudangas ambientais sobre a diversidade
taxondmica e funcional de anuros na Amazonia oriental. Anuros foram utilizados como
modelos para avaliacdo desses efeitos por se tratar de um grupo bastante sensivel a
alteracbes da estrutura da vegetacdo e do microclima, além de serem fortemente
dependentes de microhdbitats especificos para sua reprodugéo (Pyburn, 1970; Duellman

& Trueb, 1994; Ruiz-Martinez et al., 2014; Vitt & Caldwell, 2014).
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OBJETIVOS

Objetivo geral

Analisar a influéncia das mudancas ambientais causadas pela plantacdo de palmas de
dendé sobre a diversidade taxondmica e funcional de anfibios anuros em relagdo a uma
area de floresta tropical umida adjacente, testando como essas mudancas afetam as

distribuicOes das espécies nesses ambientes.

Obijetivos especificos

i) Analisar os efeitos da plantagdo de dendezeiro sobre a riqueza, composicdo e
abundancia total de espécies de anfibios anuros, e identificar quais espécies sao
associadas com os ambientes de plantacdo de dendezeiro e florestas adjacentes. A
hipGtese é de que em éareas de floresta h&d maior riqueza e abundancia de espécies de
anuros, com diferenca na composi¢do em relacdo as areas de plantacdo de palmas, devido
a maior variedade e complexidade de microhabitat, e teoricamente maior oferta de

recursos.

ii) Analisar os efeitos de variagdes microclimaticas (umidade e temperatura do ar) e de
estrutura do hébitat (profundidade e largura das pocas, profundidade de serrapilheira,
abertura de dossel e densidade de arvores) sobre a riqueza, abundancia e composicao de
espécies de anfibios anuros em areas de plantacdo de palmas e de florestas adjacentes. A
hipotese é de que existe variagdo dos fatores ambientais entre os dois tipos de ambiente,
com maior umidade do ar, menor temperatura, € maior cobertura de dossel nas areas de
floresta, afetando a composicdo de espécies e relacionando-se negativamente com a

riqueza, abundancia de anuros nos ambientes de plantacdo de dendezeiro;
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i) Analisar como o cultivo de palmas de dendé afeta a estrutura funcional das
assembleias de anuros em ambiente Amazonico e identificar quais tracos funcionais se
reclacionam com cada tipo de ambiente. As hipdteses sdo de que a diversidade funcional
€ menor nas areas de cultivo do que nas areas de floresta e que ha distribuicdo diferenciada
dos caracteres funcionais de anuros entre os dois ambientes, formando grupos de

caracteres associados a cada tipo de ambiente.

METODOLOGIA
Area de estudo

Este estudo foi realizado na propriedade do Grupo Agropalma (2° 13° 00’ S a 2° 43’
00’" Se48°54° 00> O a48°28’ 00’ O), no municipio de Tailandia do Para, na Amazonia
Oriental, Brasil. Nessa propriedade, 39 000 ha correspondem a plantacdo de palmas de
dendé, enquanto que 64 000 ha correspondem a fragmentos de floresta tropical em contato
com a plantacdo. A érea de floresta é composta principalmente por vegetacdo ombroéfila
densa de “terra-firme”, com arvores de até 30 m de altura, sub-bosque com presenca de
lianas e pequenas arvores, serrapilheira com profundidade entre 5-10 cm (Correa et al.
submetido, capitulo 2), além de corpos d’agua temporarios e permanentes.

Nas areas de plantacdo de palmas de dendé, a estrutura de sub-bosque € menos
complexa que nas areas de floresta (Danielsen et al. 2009; Faruk et al. 2013), com
gramineas e plantas herbaceas dominando sub-bosque, serrapilheira geralmente ausente,
e com presenca de corpos d’agua temporarios que sdo formados durante a estacdo de
chuva, e que ndo sdo conectados a nenhum corpo d’agua permanente. Além disso, ha
presenca de vegetacao riparia que varia entre 10-30 m de largura, nas areas de contato

entre as plantacdes e 0s corpos d’agua.
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O clima local € do tipo Af equatorial imido tropical (Képpen 1936; Peel et al. 2007),
com estacdo chuvosa entre dezembro e maio, e um periodo de pluviosidade reduzida entre
junho e novembro. A pluviosidade média anual é de 2344 mm, com pico médio de 427
mm em marco e reducdo media para 54 mm em setembro (Albuquerque et al. 2010). A
temperatura média anual € em torno de 26°C, enquanto que a umidade relativa do ar média

é em torno de 85% (Oliveira et al. dados ndo publicados).

Desenho amostral

Fizemos trés expedigdes a campo no més de abril de 2012, 2015 e 2016. Durante as
expedicdes de abril de 2012 e 2015, fizemos amostragens em 12 parcelas nos fragmentos
florestais (sete em 2012 e cinco em 2015) e em 11 parcelas em &reas de plantacdo de
palmas de dendé (seis em 2012 e cinco em 2015). Nessas expedicdes as parcelas tinham
forma retangular e mediam 2100 m2 (210 m x 10 m). Cada parcela estava conectada um
corpo d’agua, com a porcao de 10 m em paralelo com a margem, enquanto que a por¢ao
de 210 m corria de forma perpendicular ao corpo d’agua. Na expedi¢ao de abril de 2016,
foram feitas amostragens em 19 parcelas dentro de fragmentos florestais e em 20 parcelas
em areas de plantacdo de palmas de dendg, totalizando 39 parcelas. Nessa expedi¢éo, cada
parcela tinha forma retangular de 2.100 m2 (70 m x 30 m), sendo assim mantido tamanho
de area semelhante as expedicdes anteriores. O maior lado da parcela (70 m) sempre
estava paralelo com um corpo d’agua e com um dos lados em contato com o mesmo,
enquanto que os lados de 30 m corriam perpendicularmente ao corpo d’agua. Nas trés

expedicOes, cada parcela estava a uma distdncia minima de 500 m da mais proxima.
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Coleta de anuros

Nas trés expedicdes, cada parcela foi vistoriada duas vezes: uma durante o periodo
diurno (entre 14h00 e 17h00) e uma vez durante o periodo noturno (entre 19h00 e
22h00), como feito na mesma area por Correa et al. (2015). Desse modo, pudemos
observar de forma padronizada espécies que entram em atividade em diferentes horarios
do dia. A procura por anuros foi feita sempre por trés a quatro coletores, através do
método de procura ativa visual e acustica (reconhecimento de vocalizacdo) (Heyer et al.
1994), com duracéo entre 60 e 80 minutos cada vistoria, terminando somente depois que
toda parcela fosse vistoriada. Em cada parcela foram vistoriados todos os microhéabitats
disponiveis, como superficie de folhas, troncos, ocos de arvores, serrapilheira e corpos
d’agua. Para cada individuo encontrado, foram coletadas informac6es de horario,
parcela de encontro, microhabitat e sitio de vocalizacdo (quando encontrado em
atividade reprodutiva).

Alguns individuos foram coletados para a confirmar a identificacdo até o nivel de
espécie em laboratério e como material testemunho. Os individuos coletados foram
acondicionados em sacolas plasticas e levados ao laboratério para serem mortos por
superdosagem de anestésico, administrado na regido ventral do individuo. Em seguida,
cada espécime foi fixado em solugdo formalina 10% e apds 48h foram preservados em
alcool 70%. Nenhuma das espécies coletadas estava classificada como ameacada de
extingdo (IUCN 2015). Todos os espécimes de anuros coletados encontram-se
depositados na Colegdo Zooldgica da Universidade Federal do Par4 e posteriormente

serdo encaminhados ao Museu Paraense Emilio Goeldi.
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Caracteres funcionais

A escolha dos caracteres funcionais precisa identificar a formagdo de grupos
funcionais nas assembleias bioldgicas (Ernst et al. 2006). Por isso, selecionamos 31
caracteres funcionais para anuros tanto das areas de floresta quanto das reas de plantagéo
de palmas de dendé. Dividimos os caracteres funcionais em oito categorias (adaptado de
Ernst et al. 2006): periodo de atividade; habitat preferencial dos adultos; periodo/tipo de
reproducdo; tipo de corpo d’adgua usado para reproducdo; sitio de vocalizagdo
preferencial; local de desova; local de desenvolvimento dos girinos; e cuidado parental
(Tabelas detalhadas no Capitulo I11). As caracteristicas relacionadas a reproducéo foram
baseadas nos critérios de classificacdo dos modos reprodutivos de Hodl (1990), Duellman

& Trueb (1994), Haddad & Prado (2005) e Vitt & Caldwell (2014).

Dados ambientais

Ao final de cada coleta diurna, em cada parcela foram medidas as variaveis ambientais:
temperatura do ar, umidade do ar, abertura de dossel, profundidade de serrapilheira,
densidade de arvores, largura e profundidade do corpo d’agua. Como temperatura e
umidade do ar poderiam variar ao longo do dia, essas variaveis também foram medidas
ao final de cada coleta noturna, obtendo-se seus valores diurnos e noturnos.

A umidade relativa do ar foi medida com dois termémetros da marca IMPAC®, sendo
um com o bulbo seco e outro com bulbo Umido, enquanto que a temperatura foi medida
apenas com o termdmetro de bulbo seco, sempre posicionados a 1 m de altura do solo.
Medimos a largura da poca com uma fita métrica, que foi esticada de uma margem a
outra. Para medir a profundidade do corpo d’4agua, posicionamos uma régua graduada na

vertical até tocar o solo, no centro de cada corpo d’agua.
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Instalamos quatro microparcelas 10x5 m, uma em cada canto da parcela para
mensurar a altura de serrapilheira, 0 nimero de arvores e abertura de dossel. Para medir
a profundidade da serrapilheira, posicionamos uma régua graduada na vertical em cada
microparcela até tocar o solo. Em duas dessas microparcelas de cada parcela, contamos
todas as arvores com circunferéncia a altura do peito maior ou igual a cinco (5) cm para

se obter a densidade de arvores.

Para analisar a abertura de dossel, utilizamos o método de fotografia hemisférica
(Suganuma et al., 2008), de 2048x1536 pixels. As fotos foram feitas com uma maquina
fotogréfica digital Sony Cybershot DSC-W35 de 7.2 megapixels, acoplada a uma lente
que fornece a abertura de dossel em 180°. Em cada microparcela, a camera foi posicionada
a 0,5 m de altura, com a lente apontada para o céu e sua parte superior voltada para o
Norte, sempre entre 15h e 17h45. Em seguida, analisamos as fotografias com o software

Gap Light Analyzer 2.0.

Andlise de dados

No capitulo I, utilizamos os dados obtidos na expedicao de abril de 2012 (sete parcelas
em floresta e sete parcelas em plantacdo de palmas de dendé). Utilizamos um Teste T de
Student para analisar a diferenca na riqueza de espécies e nimero de individuos entre os
ambientes de floresta e plantacdo de palmas. Para testar a diferenca na composicédo de
espécies entre os dois ambientes, utilizamos uma Analise de Similaridade (ANOSIM),
seguida de um escalonamento muntidimensional ndo-métrico (NMDS) para visualizar
possiveis diferencas entre os habitats. Em seguida, utilizamos um teste de IndVal para
analisar a associagdo das espécies com cada tipo de hébitat.

No capitulo Il, utilizamos os dados coletados na expedigdo de abril de 2016 (19

parcelas em floresta e 19 parcelas em plantacdo de palmas de dendé). Fizemos uma
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correlacdo de Spearman para testar o grau de correlacdo entre as variaveis ambientais e
selecionar quais seriam utilizadas nas analises seguintes. Para testar se as variaveis
ambientais diferem entre os dois ambientes, utilizamos uma andlise de variancia
multivariada permutacinal (PERMANOVA), seguida de uma analise dos componentes
principais (PCA) para visualizar as diferencas. Para testar a influéncia das variaveis
ambientais sobre a riqueza e abundancia das espécies de anuros, fizemos para cada
ambiente modelos de regressdo multipla com o método de selecdo stepwise. Para testar a
influéncia das variaveis ambientais sobre a composicdo de espécies, utilizamos uma
andlise de correspondéncia canonica (CCA) para cada ambiente, seguida de uma anélise
de variancia (ANOVA) com 1000 permutacdes, para testar a significancia da CCA.

No capitulo I11, utilizamos os dados coletados nas trés expedi¢Oes. Para analisarmos a
diversidade funcional nos dois ambientes, primeiramente obtivemos o indice de
diversidade funcional (FD) em cada parcela de cada ambiente, variando de 0 a 1. Em
seguida, testamos a diferenca de FD entre os dois ambientes utilizando uma Anélise de
co-variancia (ANCOVA), tendo como varidveis categdricas os tipos de ambiente, a
riqueza de espécies foi a co-variavel, enquanto que FD foi a variavel dependente. Em
seguida, testamos a diferenca na distribuicdo dos caracteres funcionais entre os ambientes
utilizando uma PERMANOVA com 10000 permutagdes, seguida de uma PCA para
visualizar a distribuicdo dos caracteres funcionais entre a floresta e a plantacdo de palmas

de dendé.

ESTADO ATUAL DE CONHECIMENTO
Os efeitos da plantacio de palmas de dendé s&o bem documentados no sudeste da Asia,
especialmente na Malasia, Indonésia e Borneo (Aratrakorn et al., 2006; Fitzherbert et al.,

2008; Turner & Foster, 2009; Fayle et al., 2010; Gillespie et al., 2012; Faruk et al., 2013),
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que sdo os maiores produtores mundiais. Em todos esses estudos, foram constatadas
grandes perdas de espécies, principalmente nos habitats alterados.

No caso do Brasil, esse cultivo tem se expandido nos Gltimos nos anos, e diferente de
como tem sido conduzido no sudeste asiatico, algumas florestas ainda estdo sendo
mantidas. No entanto, pouco ainda se conhece sobre como as espécies estdo respondendo
a essa mudanca no habitat, sendo tal conhecimento bastante restrito principalmente a aves
(Almeidaetal. 2016) e Heteroptera (Cunha et al. 2015, Cunha & Juen 2017). Desse modo,
é urgente obter informacdes de como outros grupos taxondmicos estdo respondendo a
essa alteragcdo no habitat, para que se possa elaborar planos de conservacéo, antes que 0s

efeitos sejam irreversiveis.

CONCLUSOES GERAIS

O cultivo de palmas de dendé tem crescido cada vez mais na regido tropical, em
especial na Amazbnia, sendo inevitavel a expansdo desse cultivo por questdes
econémicas. Nesse estudo ficou claro que as plantacGes de palmas de dendé afetam
fortemente a biodiversidade, como no caso de anuros, tanto a nivel taxonémico como
funcional.

No caso da diversidade taxondmica, apesar dos efeitos negativos da plantacdo de
palmas de dendé sobre a diversidade, foi possivel observar que foram menos severos
outros tipos de monoculturas de outros estudos. No entanto, nas areas florestais foram
observadas espécies associadas com esse habitat, enquanto que nenhuma espécie foi
associada ao ambiente de monocultura, destacando-se a importancia da manutencgéo de
areas florestais, como forma de se preservar a diversidade regional de anuros.

Ao analisar a variagdo ambiental causada pela converséo de floresta em monoculturas

de palmas de dendé, observamos que na ultima, as variacdes estruturais do habitat e
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microclimatica entre as parcelas foram mais acentuadas do que na floresta. 1sso se refletiu
na diversidade de anuros, que foi pouco afetada nas areas florestais, mas foram bastante
afetadas nas areas de plantacdo de palmas de dendé, sugerindo-se que nesse ultimo
ambiente, as varia¢es ambientais podem estar acima do limite de tolerdncia das espécies,
0 que inviabiliza a sobrevivéncia de espécies caracteristicas de floresta.

Além de afetar a diversidade taxonémica, a conversao do habitat afetou negativamente
a diversidade funcional de anuros. Determinados caracteres funcionais foram encontrados
com maior frequéncia nas florestas, especialmente aqueles associados a microhabitats
muito especificos. Por outro lado, nas plantacbes de palmas de dendé, s6 foram
observados com frequéncia os caracteres menos complexos, caracteristicos de espécies
generalistas.

Com todos esses efeitos negativos evidenciados nos resultados desse estudo,
sugerimos que as florestas ao redor das areas de plantagdo de palmas de dendé sejam
mantidas, como forma de amenizar os efeitos negativos dessa monocultura sobre a
biodiversidade, mantendo-se a funcionalidade e processos ecossisttmicos ao mesmo

tempo que se produz 6leo de palmas de dendé na Amazonia.
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CapriTuLO |

EFEITOS DA PLANTACAO DE PALMAS DE DENDE SOBRE A DIVERSIDADE DE ANUROS NA

AMAZONIA ORIENTAL

Este capitulo foi publicado na revista Animal Biology (ISSN: 1570-7555), no ano de
2015, volume 65, fasciculo 3, paginas 321-335, sendo aqui apresentado dentro das normas
de submissdo da revista (exceto numeracdo das linhas e apresentacdo de figuras e tabelas,
por sugestdo da banca), incluindo o idioma. Como foi publicado antes de uma revisao

taxondmica recente de uma Familia, as espécies continuam na nomenclatura anterior.
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Abstract

The extent of land use for oil palm plantations has grown considerably in the tropics due
to climate, appropriate soil conditions for cultivation and its profitability. However, oil
palm plantations may endanger biodiversity through reduction and fragmentation of
forest areas. Herein we analyzed the effects on anuran species richness, composition and
total abundance in oil palm plantations and surrounding forests in eastern Amazon. We
installed seven plots in oil palm plantations and seven plots in surrounding forests, which
we surveyed for the presence of anurans through active visual and acoustic surveys during
periods of high and low rainfall levels. Anuran assemblages found in forests and oil palm
plantations differed in species richness and composition, with a loss of 54% of species in

oil palm plantations. No difference was observed in total abundance of anurans between
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both environments. While conversion of forests to oil palm plantations may result in less
negative impacts on anuran diversity than other types of monocultures, such loss is
nevertheless high, making the maintenance of relatively greater forested areas around oil

palm plantations necessary in order to conserve anuran diversity.

Keywords: Amphibians, biodiversity, Elaeis guineensis, frogs, monoculture, rainforest

Introduction

Deforestation rates in the Amazon have been increasing since the 1970s (Fearnside,
2005), stimulated mainly by economic activities, such as agriculture, mining and logging
(Gascon et al., 2001; Laurance et al., 2004). Such disturbances and reduction of forested
areas have caused the loss of habitat for many species (Brook et al., 2003; Sohdi et al.,
2004; Gallant et al., 2007), which may be the result of abiotic alterations (Murcia, 1995),
loss of reproductive habitats (Guerry & Hunter 2002) as well as the decrease of species
occurrence areas and isolation of populations (Fahrig, 2003).

The negative effects of habitat loss vary considerably according to each ecological
group, functional role, eco-physiological requirements (Bender et al., 1998; Koh et al.,
2004), and the ability to use matrix habitats (Laurance, 1991; Tocher, 1996). Species that
are habitat specialists are more likely to suffer reduction in their population sizes because
these species have a smaller niche breadth and use a smaller variety of resources from
their habitat than habitat generalist species with a larger niche breadth (Kassen, 2002;
Marvier et al., 2004). Thus, habitat disturbances cause changes in species diversity
according to their levels of habitat specialization (Tocher, 1996; Devictor et al., 2008).

In recent decades, studies have shown that different types of land use affect

biodiversity in tropical regions (Aratrakorn et al., 2006; Fitzherbert et al., 2008; Wanger
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et al., 2010; Bitar et al., 2015), and help us to better understand how the impacts of
changes in land use are different among taxa. For example, in Eucalyptus plantations in
the Brazilian Amazon, different taxa (plants, invertebrates and vertebrates) showed
different relationships to the effects of habitat alterations. In that study, higher species
richness of plants, birds, mammals and leaf-litter amphibians was observed in primary
forest than in disturbed areas, whereas the opposite was observed for other taxa (e.g., flies
and moths; Barlow et al., 2007). Similar results were found in a national park and
surrounding areas in the Dominican Republic, indicating that landscape alterations caused
by agricultural activity result in loss of microhabitats, which in turn have negative effects
on lizard species richness (Glor et al., 2001).

Among the types of monocultures that have been expanding in the tropics, oil palm
(Elaeis guineensis) cultivation has increased more greatly than other oilseeds. Such
increase happens mainly because of favorable climate, fertile soil for its cultivation and
higher profitability, which stimulates conversion of forests to oil palm plantations
(Wilcove & Koh, 2010). In oil palm plantations, vegetation structure is homogeneous and
less complex than in forests, with lower canopy cover, lower tree density in the
understory, and absence of lianas and large trees (Danielsen et al., 2009; Faruk et al.,
2013). Such structural homogenization may cause significant loss of biodiversity
(Fitzherbert et al., 2008; Fayle et al., 2010), as observed in assemblages of tropical
butterflies (Koh & Wilcove, 2008) and ants (Fayle et al., 2010), which were estimated to
have reduced up to 81% in species richness in oil palm plantations. In the case of
vertebrates (e.g., birds, lizards and mammals), conversion of forests to oil palm
plantations caused reduction in species richness of at least 62%, with replacement of

species with restricted distribution and high conservation value by species with large
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distribution and low conservation value (Aratrakorn et al., 2006; Danielsen et al., 2009,
Lees et al., 2015).

In the case of tropical amphibians, species composition, abundance and distribution
are highly dependent on the environment. Therefore, changes in habitat structure may
result in severe consequences for amphibian assemblages (Hillers et al., 2008; Von May
et al., 2009; Von May et al., 2010), due to reduction in resource availability (O’Connor,
1991; Zwick, 1992; Benton et al., 2003), and alterations in the levels of air humidity and
pond hydroperiod, which may affect embryo development and consequently amphibian
breeding success (Pyburn, 1970; Neckel-Oliveira, 2004; Neckel-Oliveira, 2007). In
tropical regions, amphibian species diversity tends to be higher in forest areas than in
open areas or plantations (Gardner et al., 2007; Bitar et al., 2012; Bitar et al., 2015). Also
in disturbed areas, changes may occur in species composition and abundance (Heinen,
1992; Hillers et al., 2008), with a preponderance of habitat generalists (Marvier et al.,
2004; Devictor et al., 2008).

The few studies to date that evaluated the effects of oil palm plantations on amphibian
diversity were conducted in Southeast Asia (Gillespie et al., 2012; Faruk et al., 2013),
where land use for such cultivation is intense (Koh & Wilcove, 2008). In the case of the
Neotropical region, only Gilroy et al. (2015) analyzed the effects of oil palm plantations
on herpetofauna, although they did not analyze such effects on amphibians and reptiles
separately. Although almost half of the Brazilian Amazon is suitable for oil palm
cultivation, Brazil is not yet a global leader on palm oil production (Butler & Laurance,
2009), which provides an opportunity to evaluate the effects of forest conversion to oil
palm plantations before such effects are irreversible for biodiversity, prepare conservation
plans to be used by palm oil producers and consider laws that mitigate any negative

impacts on biodiversity.
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We conducted a study in oil palm plantation areas and surrounding forests in eastern
Amazon in order to answer the following questions: i) Do anuran species richness,
abundance and composition differ between forest and oil palm plantation areas? ii) What
are the species and how much are they associated with forest habitat and/or oil palm
plantations? We hypothesized that forests and oil palm plantations differ in anuran species
composition, with more species and individuals in forests than in oil palm plantations. In
addition, we expected to find species that are associated with each habitat type, with more
species showing a positive association with forests where a greater diversity of

microhabitat and other resources are available.

Material and methods

Study site

The study took place in the property of AGROPALMA Company (2° 13* 00”* S to 2° 43’
00>’ S and 48° 54° 00> W to 48° 28’ 00>’ W), in the municipality of Tailandia, in the
Brazilian State of Par4, in eastern Amazon (fig. 1). In this property, 39000 ha of the land
are used for oil palm cultivation, whereas 64000 ha of the property are distributed in eight
fragments of tropical rainforest.

The study area is covered mostly by dense “terra-firme” rainforest, with canopy trees
of over 30 m in height. The understory was dominated by small trees and lianas, with
leaf-litter depth around 5-10 cm (pers. observation). In addition, there were both
temporary and permanent water bodies. The oil palm plantation areas in this study were
10-20 years old. In areas of oil palm plantation, the understory structure is less complex
than in forests, with lower microhabitat diversity (Danielsen et al., 2009; Faruk et al.,
2013). In our study area, each palm distanced 9 m from each other, and the understory

was dominated by gramineans and herbaceous plants (pers. observation), with leaf-litter
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depth around 0-10 cm. In addition, there were temporary water bodies formed during
rainy season which were not connected to permanent water bodies in plantation areas. In
addition, there were strips of native riparian vegetation that vary between 10 and 30 m in
length on contact areas between oil palm plantations and water bodies.

The local climate is humid equatorial, with a marked rainy season between December
and May, and a period of reduced precipitation between June and November. Mean
annual rainfall is 2344 mm, with mean peak of 427 mm in March and a maximum of 54
mm in September (Albuquerque et al., 2010). Mean annual temperature is approximately
26°C, and mean relative humidity of the air approximately 85% (Oliveira et al.,

unpublished results).
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Fig. 1. Map of study site within the property of AGROPALMA Company, in eastern
Amazon, showing forested areas (shaded areas) and disturbed areas, where oil palm

plantations are located (unshaded areas).

Sampling design and data collection
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Fieldwork was conducted in April 2012 (rainy season) and between November and
December 2012 (dry season), totaling 28 days of data collection. Although Albuquerque
et al. (2010) consider December a rainy month in the region, during fieldwork it did not
rain. For that reason, we considered December 2012 as a dry month. We installed seven
plots inside the forest fragments and seven plots in oil palm plantations, totaling 14 plots
(in both seasons) distant more than 1 km from each other, as used in other studies in
Amazon (e.g., Menin et al., 2011). All the forest plots were located at least one kilometer
from the forest edge in order to avoid the influence of other effects that were beyond the
scope of this study, such as edge effects. In each habitat type (forest and oil palm
plantation), we installed rectangular plots of 2100 m? (210 m x 10 m). The 10 m sides
were always parallel to the margins of a water body, with one side forming a contact area
between the plot and the water body. The 210 m sides covered the “terra-firme” area of
the plot and were always perpendicular to the margins of a water body. In seven out of
eight forest fragments, there were water bodies. Therefore, each plot inside the forest
represented one forest fragment. Each plot was georeferenced with a Garmin® GPS.

We surveyed all the 14 plots for the presence of anurans once during the rainy season
and once during the dry season. In each plot, the surveys were conducted during diurnal
period (between 14:00 and 17:00) and during nocturnal period (between 19:00 and
22:00), and were based in active visual and acoustic (vocalization recognition) searches.
During each survey three or four trained personnel moved systematically through the plot
looking for anurans in a number of different substrates, such as water bodies, leaf litter,
trunks, tree holes and leaf surface.

We collected some individuals for deposition in scientific collections as voucher
specimens to confirm identification. Those individuals were collected in plastic bags and

transported to the laboratory to be killed by anesthetic overdose, injected under their left
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arm. All individuals were preserved in 10% formalin, and after 48 hours they were
transferred to 70% alcohol. None of the species collected are threatened to extinction
(IUCN, 2014). AIll anuran specimens collected are temporarily deposited in the
Herpetological Collection of Universidade Federal do Para and will then be deposited in

the Herpetological Collection of Museu Paraense Emilio Goeldi.

Data analysis

We considered each plot as one independent sample unit. We did not separate our data
between seasons, as it was not our objective and at least seven months separated our data
collection. In addition, by not separating our data between seasons, we reduced residual
effects that seasonality may cause. Thus, all analyses were run among the plots, which
were considered as replicates in our analyses and divided into two treatments (forest and
oil palm plantation). To test the hypothesis that anuran species richness and total anuran
abundance differ between forest and oil palm plantation, we used models of Student’s t
test (Zar, 2010). Species richness and abundance were quantitative variables with habitat
type (forest and oil palm plantations) as the categorical variables. According to Shapiro-
Wilk test and Levene’s test, our data had normal and homogeneous distribution,
respectively.

To test the hypothesis that anuran species composition differ between forest and oil
palm plantation, we used a non-metric multidimensional scaling (NMDS) ordination. We
used logarithmic transformation (Log + 1) on abundance data for each plot. Then we used
Bray-Curtis similarity to generate a distance matrix between our samples (Gotelli &
Ellison, 2004). We performed an Analysis of Similarity (ANOSIM) using data from the
NMDS ordination to analyze variations in species composition between the two habitat

types (Clarke, 1993).
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To test the association of anuran species with their habitat (forest or oil palm
plantation) we used IndVal analysis (Céaceres & Legendre, 2009), which allowed us to
obtain the degree of association of each species with their habitat. After that, we tested
IndVal statistical significance with a Monte Carlo test with 5000 permutations and 0.05
significance level (Gotelli & Ellison, 2004). All analyses were run using R project

software, packages Permute and Vegan (R Development Core Team, 2013).

Results

We recorded 333 individuals representing 33 species and nine Families. The most diverse
family was Hylidae (13 species), followed by Leptodactylidae (seven species), Bufonidae
(six species), Microhylidae (two species), Aromobatidae, Centrolenidae, Ceratophrydae,
Craugastoridae and Dendrobatidae (one species each).

We found higher anuran species richness in forests than in oil palm plantations (t2 =
2.534; P = 0.026). In each forest plot, mean number of species was 2.43 higher than in
oil palm plantation plots (table 1), showing a reduction of 26.9% in species richness in
oil palm plantations. Total anuran abundance did not differ between forests and oil palm
plantations (ti2 = -0.027; P = 0.978; table 1). Evaluation of the community composition
revealed that 54% of the species found in forests were not found in oil palm plantations
(fig. 2), indicating a much greater loss of species than indicated by the species richness
analysis. The most abundant species in oil palm plantations were Physalaemus ephippifer,
followed by Hypsiboas multifasciatus and Scinax nebulosus, whereas the most abundant
species in forests were Anomaloglossus sp., followed by Adenomera sp. and

Trachycephalus resinifictrix (fig. 2).
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Anomaloglossus sp.
Adelphobates galactonotus
Adenomera sp.
Amazophrynella bokermani
Amazophrynella minuta
Ceratophrys cornuta
Ctenophryne geayi
Dendropsophus leucophylatus
Dendropsophus minutus
Dendropsophus nanus
Hamptophryne boliviana
Hypsiboas multifasciatus
Leptodactylus macrosternum
Leptodactylus mystaceus
Leptodactylus paraensis
Leptodactylus pentadactylus
Leptodactylus petersii
Osteocephalus leprieuri
Osteocephalus oophagus
Osteocephalus taurinus
Phyllomedusa hypochondrialis
Phyllomedusa tomopterna
Physalaemus ephippifer
Pristimantis fenestratus
Rhaebo guttatus

Rhinella gr. margaritifera
Rhinella marina

Rhinella miranda-ribeiroi
Scinax gr. ruber

Scinax nebulosus E
Trachyvcephalus resinifictrix
Trachycephalus typhonius
Vitreorana sp.

Species

0 5 10 15 20 25 30 35 40 45

Number of individuals

Fig. 2. Anuran species abundance observed in forest and oil palm plantation areas within
property of AGROPALMA Company, in eastern Amazon. Black bars indicate abundance

in forest; gray bars indicate abundance in oil palm plantation.
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Table 1. Anuran species richness and abundance in forest and oil palm plantation areas

in property of AGROPALMA Company, in eastern Amazon.

Anuran species richness

Anuran abundance

N Mean SD N Mean SD
Forest 26 8.857 1.676 166 23.714 8.159
Oil palm 19 6.428 1.902 167  23.857 10.844

Abbreviations and symbols: N, number of individuals; SD, standard deviation.

According to NMDS ordination and ANOSIM, anuran species composition differed

between forests and oil palm plantations (STRESS = 0.15, R = 0.512, P = 0.004, fig. 3).

From the 33 species recorded, 14 (42.4%) were found only in forests, whereas seven

(21.2%) were found only in oil palm plantations, and 12 (36.4%) were found in both

habitat types. In addition, according to IndVal analysis, three out of 33 anuran species

were associated with forest, whereas no species was associated with oil palm plantation

(table 2).

Table 2. Species dominance and results of IndVal test, showing to which habitat type

each species was more associated and which associations were significant (bold type).

Species DFO (%) DOP (%) MHT IV P
Adelphobates galactonotus 15.66 Forest 14.3 1
Adenomera sp. 14.46 2.40 Forest 66.3 0.045
Amazophrynella bokermanni 0.60 Forest 14.3 1
Amazophrynella minuta 0.60 Forest 32.1 0.563
Anomaloglossus sp. 1.20 Forest 57.1 0.066
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Dendropsophus minutus
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Trachycephalus resinifictrix

12.65 0.60 Forest  65.5
Trachycephalus typhonius 0.60 Oil palm 14.3 1
Vitreorana sp. 0.60 Oil palm 14.3 1

Abbreviations and symbols: DFO, dominance in forest; DOP, dominance in oil palm

plantations; MHT, main habitat type; 1V, observed indicator value; P, significance value
of IndVal test.
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Fig. 3. Non-metric multidimensional scale showing the difference in species composition

between forest and oil-palm plantation areas within property of AGROPALMA Company

in eastern Amazon (Filled circles = forest; empty circles = oil-palm plantation).
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Discussion

The anuran assemblages in forests and oil palm plantations differed in species richness
and composition, but not in anuran total abundance. Although total abundance was similar
in both habitat types, species abundances were more homogeneous in forests, whereas in
oil palm plantations Physalaemus ephippifer, Hypsiboas multifasciatus and Scinax
nebulosus were the dominant species. Reports from IUCN (2014) indicate that those
species are very adaptable to a variety of anthropogenic habitats, benefiting from habitat
disturbances (e.g., conversion of forests to pasturelands and monocultures). In fact, as
observed in our study, those species seem to benefit from conversion of forest to oil-palm
plantations, since they are dominant and more abundant in a disturbed habitat than in
forests. According to Julliard et al. (2006), habitat generalist species prefer unstable sites
because there the competition with habitat specialist species is more relaxed, which
possibly allows rapid growth of their populations.

Some anuran species are habitat specialists because of their reproductive modes or
diet, whereas other species are habitat generalists (Vitt & Caldwell, 2009), which may be
relatively unaffected by environmental changes (Henderson & Powell, 2001). Species
that are specialists in the use of microhabitats in forests are unable to persist in disturbed
habitats (Hillers et al., 2008; VVon May et al., 2009; Von May et al., 2010), such as oil
palm plantations. Hence, habitat generalists tend to dominate disturbed habitat types
(Aratrakorn et al., 2006; Danielsen et al., 2009), where the loss of some structural aspects
of forest environments (e.g., streams or ponds and bigger trees; Vallan, 2002), results in
the loss of microhabitats (Inger & Cowell, 1977), as we observed for the three dominant
species in plantations.

The less structural complexity in oil palm plantations (Danielsen et al., 2009; Faruk et

al., 2013) results in a reduction in the number of microhabitats available to anurans when
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compared to forest habitats (Faruk et al., 2013). Such reduction in microhabitat
availability may result in the loss of plant diversity (i.e., microhabitats to amphibians;
Vallan, 2002). Consequently, it leads to a decrease in population sizes of habitat specialist
species and allows an increase in population sizes of habitat generalist species (Tocher,
1996; Devictor et al., 2008), negatively affecting species richness and composition, as
observed in our results. For example, we observed decrease on the abundance of
Trachycephalus resinifictrix in plantation areas. That species depends on specific
microhabitats found mainly in forest (tree holes in canopy; Schiesari et al., 2003), but are
not found in plantation areas.

In a study conducted in another type of monoculture (abandoned cacao plantations),
two hypotheses were proposed to explain the lower anuran diversity in plantation areas:
a) lower anuran diversity is related to lower complexity in vegetation structure in
plantation areas; b) some species are unable to persist through disturbances in new
habitats, so some time would be necessary for an increase in species abundances (Heinen,
1992). In our study, only the first hypothesis seems to be applicable to the results, because
in oil palm plantations, the understory is mainly composed by gramineans and herbaceous
plants, with temporary water bodies, which favor habitat generalist species. In addition,
the number of microhabitats available in oil palm is much lower than in forest habitats
(Faruk et al., 2013), which negatively affects habitat specialists (Hillers et al., 2008; VVon
May et al., 2009; Von May et al., 2010). The second hypothesis does not explain our
results, because even if 10-20 years (age of oil palm plantations that we sampled) would
be time enough for anuran populations to recover, the microhabitats are still unavailable
because workers and big machines periodically disturb the environment.

We observed that at least 42% of the species were exclusively from forests, indicating

that almost half of the species found in the area are unable to persist in disturbed habitats.
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Such results may be explained by their reproduction. Some amphibian species are
dependent on some microhabitats and microclimatic characteristics found only in forest
habitats (Vallan, 2002; Haddad and Prado, 2005; e.g., Trachycephalus resinifictrix). The
species we found in oil palm plantations are more generalist in their reproductive modes,
laying their eggs directly into the water (e.g., Hypsiboas multifasciatus, Scinax nebulosus)
or in foam nests built on the margins of temporary ponds (e.g., Physalaemus ephippifer).
In addition, those species do not use more complex vegetation (e.g., arboreal vegetation)
as breeding sites (Hodl, 1990). In contrast, in forest areas we found species with more
generalized reproductive modes, which lay their eggs directly into the water, and species
with more specialized reproductive modes, that use arboreal vegetation in different stages
of their reproduction, such as Trachycephalus resinifictrix (HOdl, 1991; Schiesari et al.,
2003), which was one of the most abundant species in forests.

The species Trachycephalus resinifictrix, Osteocephalus taurinus and Adenomera sp.
were significantly associated with forest, as was also observed in other studies in the
Amazon (Duellman, 1978; Lima et al., 2006). Their reproductive modes seem to favor
their occurrence in forested areas. For example, T. resinifictrix males use tree holes in
heights close to the canopy as a chamber to amplify their vocalizations, where their
tadpoles complete aquatic development (Hodl, 1991; Schiesari et al., 2003; Lima et al.,
2006). In turn, although Osteocephalus taurinus lays their eggs directly into the water, it
seems to happen in areas of primary or secondary forests, being a species that depends on
arboreal vegetation as vocalization sites and refuge against predators (Gascon, 1993;
Lima et al., 2006). In the case of Adenomera sp., species in this genus lay their eggs in
foam nests out of the water, where tadpole development takes place (Duellman, 1978;

Lima et al., 2006), requiring high levels of air humidity to prevent desiccation of the eggs
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and loss of the offspring. Besides, males of Adenomera species call hidden under leaf-
litter (Duellman, 1978; Lima et al., 2006), which usually is lacking in disturbed areas.

The species composition analysis shows us that the loss of forest species was much
greater (54%) than indicated by the species richness analysis, which indicated a difference
of 26.9% in species richness between both habitats. The disparity between the species
richness and composition results was due to the replacement of species, with more
generalist species not found in forests occupying oil palm plantations. In comparison to
other studies, the loss of anuran species that we observed (54%) was smaller than that
observed for other taxa, such as ants, butterflies and birds in Southeast Asia (60-81%;
Aratrakorn et al., 2006; Koh & Wilcove, 2008; Fayle et al., 2010, Lees et al., 2015).
Although the loss of species in our study (54%) seems to be smaller than in other studies,
such loss of species is considered high, indicating that the conversion of forest habitats to
oil palm plantations may be catastrophic to anuran diversity.

In neotropics, most of our knowledge about the effects of monocultures on fauna and
flora are from studies conducted in areas of other types of monocultures, although oil
palm cultivation has been expanding in recent years (Koh & Wilcove, 2008; Butler &
Laurance, 2009; Cunha et al., 2015; Lees et al., 2015). Negative effects of oil palm
cultivation on anuran species found only in forested areas (42%) were smaller than in
other monocultures (e.g., Eucalyptus, coffee, cacao). However, the percentage of species
exclusive to oil palm plantations was higher than in those monocultures (Heinen, 1992;
Pineda et al., 2005 Barlow et al., 2007; Gardner et al., 2007). In contrast, we observed a
number of species found in both forest and oil palm plantation areas (36%), which was
higher than in Eucalyptus, but lower than in cacao and coffee plantations (Heinen, 1992;
Pineda et al., 2005). These results indicate that habitat generalist species may favor oil

palm plantations as those species are occurring in a homogeneous environment with lower
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microhabitat availability (Faruk et al., 2013). Our results make clear how important the
maintenance of forested areas is around oil palm plantations as a way to conserve anuran
regional diversity, since the loss of forested areas may result in the reduction of species
richness and loss of specialist species, as in other monocultures. It is important to note
also that anuran species that occur in both natural and disturbed habitats may breed in
ponds in disturbed areas and then return to the natural habitat (Pechmann et al., 2001).
We observed that the maintenance of forested areas around oil palm plantations has
great importance in conserving anurans diversity because of the different species
composition in those habitats, as was observed in Southeast Asia (Gillespie et al., 2012;
Faruk et al., 2013). However, in the case of Brazilian Amazonia, the lack of information
about the effects of oil palm plantations on regional biodiversity has hindered the
development of conservation programs and to inform more sustainable land management
practices. The fact that most of the Amazon territory is considered suitable for oil palm
cultivation (Butler & Laurance, 2009) is indicative that in the future, oil palm plantations
may expand considerably, with an increase in deforestation rates. Our results reinforce
the need that the development of this economic activity must be accompanied by the
development of forest conservation programs in accordance with Brazilian laws, and
development of more specific conservation plans for other taxa (e.g., maintenance of
riparian vegetation, maintenance of forested areas close to plantations, connection among

forest fragments) through the initiative of researchers and producers.
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CapriTuLO 1l
EFEITOS DOS FATORES AMBIENTAIS NA ESTRUTURA DAS ASSEMBLEIAS DE ANUROS EM
PLANTACAO DE PALMAS DE DENDE E FLORESTAS ADJACENTES NA AMAZONIA

ORIENTAL

Este capitulo esta submetido para a revista Biodiversity and Conservation (ISSN: 0960-
3115), sendo aqui apresentado dentro das normas de submisséo da revista (exceto
numeragdo das linhas e apresentacdo de figuras e tabelas, por sugestdo da banca),
incluindo o idioma.
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Abstract Oil palm cultivation has increased greatly in tropics. In oil palm plantations,
vegetation structure is less complex than in forests, with high habitat structural and
microclimatic variation, causing significant biodiversity loss. We analyzed how
microclimatic and habitat structural factors affect anurans total abundance, richness and
composition in oil palm plantations and surrounding forests. We installed 20 plots in oil
palm plantations and 19 in forests, where we surveyed for the presence of anurans through
active visual and acoustic surveys during the period of high rainfall levels. We measured
air temperature and humidity, width and depth of water bodies, leaf litter depth, number

of trees and canopy openness in each plot. Anurans richness and composition were not
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affected by any environmental factor in forests, while total abundance was positively
affected by diurnal air temperature and nocturnal air humidity. In oil palm plantations,
water bodies width and depth positively affected anurans richness and total abundance,
respectively, while water bodies depth and diurnal temperature affected species
composition. Environmental variation among the plots was not enough to affect anurans
diversity in forests, while it was strong enough to affect anurans abundance and
composition in oil palm plantations. It leads us to conclude that environmental variation
in plantations is beyond the tolerance of some species to survive and distribute
homogeneously. Thus, it is clear the need for conserving forest areas close to

monocultures as a way to maintain regional biodiversity.

Keywords Amphibians; Habitat structure; Microclimate; Neotropical; Rainforest

Introduction
Species distributions are strongly influenced by local and regional environmental factors
(Zimmerman and Simberloff 1996; Rojas-Ahumada et al. 2012; Torma et al. 2014;
Landeiro et al. 2014), usually explained by predictions and assumptions of the niche
theory. According to this theory, organisms ocupy habitats with abiotic and biotic
conditions suitable for their existence, survival and reproduction (Grinnel 1917;
Hutchinson 1957). As environmental conditions vary considerably within and among
landscapes (Phillips 1985; Armstrong 1986), species distribute in a pattern of patches,
according to their tolerance to environmental factors (Dale 1986; Pulliam 2000).

In natural environments, vegetation structure and microclimate are considered as the
most important environmental factors (Bazzaz 1975; Chen et al. 1999; Provete et al. 2014)

influencing assemblages structure, development and distribution of aquatic and terrestrial
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organisms (Greenberg 2001; Dawson et al. 2005; Skelly et al. 2005; Binckley and
Resetarits 2007; Pike et al. 2011; Correa et al. 2012). In this scenario, some species occur
only in sites with more closed canopy (Ash 1997; Gibbs 1998; Greenberg 2001; Pringle
et al. 2003; Posa and Sodhi 2006), and/or where temperature and air humidity are more
stable, favorable for survival, reproduction and maintenance of populations (Camargo and
Kapos 1995; Welsh and Droege 2001; Pringle et al. 2003; Neckel-Oliveira and Gascon
2006; Vitt and Caldwell 2014). Besides, in the case of aquatic species or that use water
bodies in any stage of life (e.g. amphibians), structural characteristics of water bodies
(e.g. size, depth) are important factors for their reproduction and occurrence (Laan and
Verboom 1990; Hecnar et al. 1998; Egan and Paton 2004; Wang et al. 2011).

Changes in environmental factors, as microclimate and vegetation structure, occur
after deforestation and/or forest fragmentation (Camargo and Kapos 1995; Murcia 1995;
Chen et al. 1999; Laurance 2004), which in turn negatively affect the biodiversity. In the
tropics, changes in land use after disturbances (deforestation, forest fragmentation) have
been occurring frequently (Steininger et al. 2001; Kinnaird et al. 2003; Harper et al.
2007), usually starting with logging, followed by monoculture and cattle pasture (Gascon
et al. 2001; Laurance et al. 2004). In recent decades, studies have shown that these
activities have caused modifications in natural environments, leading to a decrease of
biodiversity, especially in the tropics (Vallan 2002; Pandit et al. 2007; Hillers et al. 2008;
Fitzherbert et al. 2008; Turner and Foster 2009; Wanger et al. 2010).

One type of land use that has been expanding in the tropics is cultivation of
monocultures, as oil palm (Elaeis guineensis). In monocultures, vegetation structure is
less complex and more homogeneous than in forests, with less canopy cover and lower
tree density in the understory (Danielsen et al. 2009; Faruk et al. 2013). Therefore,

environment becomes less complex and microclimate varies more greatly, causing
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significant biodiversity loss (Fitzherbert et al. 2008; Fayle et al. 2010). This type of
monoculture (oil palm) has increased greatly in the tropics, mainly because of its high
profitability, as well as the favorable climate and fertile soil for its cultivation in the
region, which stimulates conversion of forests to oil palm plantations (Wilcove and Koh
2010). Although Brazil is not yet a global leader of palm oil production, almost half of
Brazilian Amazon is suitable for oil palm cultivation (Butler and Laurance 2009, Villela
et al. 2014), providing an opportunity to minimize the negative effects of the conversion
of forests to oil palm plantations through the understanding of how it affects
environmental structure, and in turn how it affects biodiversity.

Due to environmental changes and habitat loss, as the ones caused by agriculture
(Gillespie et al. 2012; Faruk et al. 2013; Correa et al. 2015), anurans is one of the
vertebrate groups that most experienced reduction of their diversity (IUCN 2015).
Anurans inhabit specific habitats, with stable microclimate, and in most cases, with water
bodies for their reproduction (Chen et al. 1999; Ma et al. 2010). For that reason, anurans
are very sensitive to changes in natural environment, with their success reduced when
humans change landscapes characteristics (Neckel-Oliveira 2004; Neckel-Oliveira 2007;
Bickford et al. 2010).

Understanding how disturbances affect environmental factors, and in turn affect
biodiversity, is fundamental in preparing conservation plans to be used by palm oil
producers and reduce the negative impacts of this monoculture on the environment. In
this study, we analyzed how variations in microclimate and habitat structural factors
affect richness, composition and total number of anurans in oil palm plantations and
surrounding forests. We hypothesize that: a) in oil palm plantations microclimate and

habitat structural factors vary more greatly than in forests; and b) such variation affects
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negatively anurans diversity, reducing species richness and total abundance, and

homogenizing species composition.

Material and methods

Study area

The study took place in the property of Agropalma Group (2° 13’ 00>* S to 2°43° 00”* S

and 48° 54’ 00" W to 48° 28’ 00’ W), in the municipality of Tailandia, in the Brazilian

State of Para, in eastern Amazon (Fig. 1). In this area, 39000 ha of the land are used for

oil palm cultivation, whereas 64000 ha are distributed in eight fragments (range: 5000-

17000 ha) (Almeida et al. 2016) of tropical rainforest.
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Fig 1 — Map of study site within the property of Agropalma Company, in the eastern

Amazon. Shaded area: forests; Unshaded areas: disturbed areas, where oil palm

plantations are located.
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The study area is covered mostly by dense “terra-firme” rainforest, with canopy trees
of over 30 m in height, understory dominated by lianas and small trees, with leaf litter
depth around 5-10 cm (personal observation) and temporary and permanent water
bodies (> 30 m wide). The oil palm plantations were 10-20 years old, when their
productivity and anthropogenic disturbance are higher, with workers and heavy
machines periodically collecting the seeds. In areas of oil palm cultivation, the
understory structure is less complex than in forests (Danielsen et al. 2009; Faruk et al.
2013), dominated by gramineans and herbaceous plants, and leaf litter usually absent. In
addition, there were temporary water bodies formed during rainy season that were not
connected to permanent water bodies in plantations. Besides, there were strips of
riparian vegetation between 10 and 30 m in length on contact areas between oil palm
plantations and streams (Juen et al. 2016).

Local climate is equatorial humid tropical type Af (Koppen 1936; Peel et al. 2007),
with a marked rainy season between December and May and a period of reduced rainfall
between June and November. Mean annual rainfall is 2344 mm, with a mean peak of 427
mm in March and a mean reduction to 54 mm in September (Albuquerque et al. 2010).
Mean annual temperature is around 28 °C, according to National Meteorological Institute

(INMET).

Sampling design

Fieldwork was conducted during 30 consecutive days, in April 2016, when rainfall is
higher in the region. During this period, breeding activity of anurans is greater (Aichinger
1987; Gottsberger and Gruber 2004; Miranda et al. 2015), making easier to find
individuals and record most species. We installed 19 plots within the forest fragments and

20 in oil palm plantations, distant at least 500 m from each other. We installed rectangular
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plots of 2100 m2 (70 m x 30 m) in each habitat type. The 70 m sides were always parallel
to the margins of a water body, with one side forming a contact area between the plot and
the water body. The 30 m sides covered the “terra-firme” area of the plot and ran
perpendicular to the water body margins. With that sampling design, we were able to
evaluate the area occupied by species with aquatic reproduction (Semilitsch 1998;
Semilitsch and Bodie 2003; Rittenhouse and Semilitsch 2007), which represent most of
anurans fauna. Each plot was georeferenced with a Garmin® GPS. In recent years, plots
have been widely used in studies that analyzed effects of environmental factors and
amphibians diversity (e.g. Whitfield and Pierce 2005; Correa et al. 2012; Correa et al.

2015; Bitar et al. 2015).

Data collection

We surveyed all the 39 plots for the presence of anurans during diurnal (between 14h and
17h) and nocturnal period (between 19h and 22h). The searches were based on active
visual and acoustic surveys (vocalization recognition) (Heyer et al. 1994). During each
survey, three collectors moved systematically through the plot looking for anurans in a
number of different substrates, as leaf litter, tree trunks and holes, leaf surface and water
bodies.

We collected some individuals to confirm identification at species level. We collected
them in plastic bags and transported to the laboratory to be killed by anesthetic overdose,
injected on ventral region. All individuals were preserved in 10% formalin, and after 48
hours, they were transferred to 70% alcohol. None of the species collected are threatened
to extinction (IUCN 2015). All anuran species collected are temporarily deposited in the
Herpetological collection of Universidade Federal do Para, and will then be deposited in

the Herpetological collection of Museu Paraense Emilio Goeldi.
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After each diurnal survey, we measured the following environmental factors in each
plot: air temperature and humidity, canopy openness, leaf litter depth, tree density, and
water body depth and width. Since air temperature and humidity may vary between day
and night, we also measured them after diurnal and nocturnal surveys, and treated as four
different variables: diurnal temperature, nocturnal temperature, diurnal air humidity and
nocturnal air humidity.

We measured air relative humidity with two IMPAC® thermometers, one with dry bulb
and other with wet bulb. A wet cotton cloth covered the bulb of one thermometer and was
always in contact with a water recipient. We positioned both thermometers at 1 m above
the ground and recorded the temperature in both thermometers after each survey. After
that, with the values of air temperature obtained with wet and dry bulb thermometers, we
calculated the values of air relative humidity, according to Dias and Schneider (2004).
For air temperature, we used only the value obtained with the dry bulb thermometer.

We measured water body width with a metric tape from one margin to the other in the
mid portion of the plot. We did not measure water body length because some of them
were too long (> 3 km), which would hinder a correct measure. We measured water body
depth with a graduated rule vertically positioned to reach the bottom in the center of the
water body. On each corner of the plots, we installed a small plot (10 x 5 m, four small
plots per plot) and measured leaf litter depth, number of trees and canopy openness. We
measured leaf litter depth with a graduated rule vertically positioned on the ground. After
that, we obtained median values of leaf litter depth for each plot. In two small plots from
each plot, we counted the number of trees with circumference at breast height > 5 cm to
obtain their quantity.

To analyze canopy openness, we used the hemispherical photography method

(Suganuma et al. 2008). We made the photographs (2048x1536 pixels) with a Sony
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Cybershot DSC-W35 7.2 megapixel digital camera, coupled with a fish-eye lens that
provides 180° photos. In each small plot, we positioned the camera at 0.5 m height, with
the lens aiming the canopy, obtaining four photographs for each plot, always between 15h
and 17h45. We used the software Gap Light Analyzer 2.0 to analyze the photographs. We
improved color contrast in the blue plane, and then converted the working image into a
two-color bitmap composed of black and white pixels. The software counted the number
of white pixels (open canopy) on the photo and returned its percentage values. After that,
we calculated means of canopy openness for each plot.

All variables were selected according to literature, which indicate that those variables
best explain patterns of tropical anurans diversity (e.g. Heinen 1992; Duellman and Trueb
1994; Giaretta et al. 1999; Correa et al. 2012; Bitar et al. 2015), mainly because of their
physiological and reproductive traits, and habitat use (Duellman and Trueb 1994; Chan

2003).

Data analysis
We considered each plot as one sample unit. We defined variables appropriate for the
analysis based on qualitative criterion of the intensity of the correlation between variables.
Zar (2010) has suggested that variables with coefficients above 0.7 are well correlated.
Whenever the correlation coefficient among two or more variables was higher than 0.7
(Spearman), we selected only one of them for the next analyses, according to their degree
of importance to anurans. We ran Spearman correlation with data of both habitats together
and separately.

To test whether environmental factors differ between forest and oil palm plantations,
we used used variables selected by Spearman correlation with data of both habitats

together and ran a permutational multivariate analysis of variance (PERMANOVA), with
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9999 randomizations to test the significance. To visualize the variation of environmental
factors between the habitat types, we standardized the environmental data, since we
measured variables at different scales. After that, we used a principal component analysis
(PCA) with the standardized environmental data variance matrix. We used the Broken
Stick method as stopping criterion to observe which principal components were the most
important.

To test whether environmental factors affect anurans richness and abundance, we
used models of multiple regression (Zar 2010) with the variables selected by Spearman
correlation for eah habitat type. Since influence of the environmental factors may differ
according to habitat type, we ran two models for each habitat type: 1) Analysis of the
effects of environmental factors on anurans richness and abundance in forests; 2) Analysis
of the effects of environmental factors on anurans richness and abundance in oil palm
plantations. In both cases, we used the stepwise variable selection method to generate
regression models.

To evaluate the effects of environmental factors on anurans species composition, we
used a canonical correspondence analysis (CCA) for each habitat type, with the variables
selected by Spearman correlation for each habitat type. We tested statistical significance
of the CCA using analysis of variance (ANOVA), with 1000 randomizations and 0.05
significance level (Gotelli and Ellison 2004). All analyses were run using PAST (Hammer

et al. 2001) and R (R development core team 2013), packages Vegan and Permute.

Results

We recorded 1,667 individuals representing 35 species and seven Families in both
habitats. The most diverse Family was Hylidae (15 species), followed by

Leptodactylidae (eight species), Bufonidae (five species), Phyllomedusidae (three
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species) and Aromobatidae, Centrolenidae, Craugastoridae and Microhylidae (one
species each). We recorded 20 species in forest plots, where Boana cinerascens was the
most abundant (N = 200), while we recorded 24 species in oil palm plantations, where
Physalaemus ephippifer (N = 289) was the most abundant, followed by Scinax gr. ruber
(N = 188) and Pithecopus hypochondrialis (N = 183). Regarding environmental factors,
except for canopy openness and water body width, we found higher values for all of
them in forests. There was no leaf litter in oil palm plantations, and trees were planted
systematically, always at same distances, without any variation in this environment

(Table 1).

We selected diurnal temperature, nocturnal air humidity and water body depth for
PERMANOVA and PCA. These environmental factors differed between forests and oil
palm plantations (PERMANOVA: F = 4.748, p = 0.03). The two first PCA axes reduced
82.82% of the environmental variation. Axis 1 explained 43.34% of the variation, while
axis 2 explained 39.48% of the environmental variation, with nocturnal air humidity and

water body depth higher in forests than in oil palm plantations (Fig. 2).

Table 1 — Means and variation ranges of environmental factors in forests and oil palm

plantations within the property of Agropalma Company, in the Eastern Amazon, Brazil.

Environmental factor Forest Oil-palm

Mean Range Mean Range
Diurnal temperature (°C) 28.24 26-33 27.82 25-33
Nocturnal temperature (°C)  25.4 24-26.5 254  24.5-26.5

Diurnal air humidity (%) 92.89 73-96 87.35 70-96
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Nocturnal air humidity (%) 96.42 96-97 95.4 92-97
Leaf-litter depth (cm) 434  3.25-10.5 0 -
Trees (N) 22.1 7.5-54 2 -
Canopy openness (%) 15.23 11.94-18.62 24.12 13.88-42.16
Water body depth (cm) 24.45 8a46 17.1 6-45
Water body width (m) 18.34 5a50 20 5-40
m}
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Fig 2 — Principal component analysis (PCA) showing variation of environmental factors
in forests (filled squares) and oil palm plantations (empty squares). TD: Diurnal

temperature; DEP: Water body depth; UN: Nocturnal air humidity.

Models of multiple regression indicated that none variables affected anurans richness
in forests (Multiple regression: Rz = 0.223, Fz15 = 1.435, p = 0.272), but they affected

total abundance (Multiple regression: R? = 0.543, F3 15 = 5.933, p = 0.007). In these plots,
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nocturnal air humidity and diurnal temperature positively affected anurans total
abundance (Table 2). In oil palm plantations, models of multiple regression indicated that
environmental variables affected both species richness (R? = 0.342, F217 = 4413 p =
0.029) and total abundance (R? = 0.589, F3 16 = 7.669, p = 0.002). In these plots, water
body width positively affected species richness, while water body depth positively
affected total abundance (Table 2).

CCA indicated correlation between environmental factors and anurans species
composition in oil palm plantations (p = 0.003), but not in forests (p = 0.155, Fig. 3). In
oil palm plantations, the two first axes explained 80.28% of the variation observed, with
canopy openness, water body depth and diurnal temperature as the most important
variables (Fig. 3). In this analysis, Scinax nebulosus and Dendropsophus minutus were
the most positively affected species by diurnal temperature and canopy openness, while
Amazophrynella minuta and Rhinella miranda-ribeiroi were the species most negatively
affected by those variables. On the other hand, although the two first axes explained
75.32% of the variation in forests, there was no correlation between environmental

variables and anurans composition.
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Table 2 — Results of multiple regression models using stepwise selection method to test
the influence of environmental factors on anurans species richness and total abundance
in forests and oil palm plantations within the property of Agropalma Company, in the

eastern Amazon, Brazil.

Species richness Total abundance

Forest Beta p Beta p
Pond depth 0.356 0.156
Diurnal temperature -0.472 0.117 0.526 0.021
Diurnal humidity -0.361 0.207
Nocturnal humidity 0.465 0.026
Canopy openness -0.324 0.120
Oil palm plantation Beta p Beta p
Pond width 0.560 0.012 0.399 0.056
Canopy openness -0.268 0.195
Pond depth 0.524 0.011
Diurnal temperature -0.204 0.252

67



Phy! A
Hmu
N H
Abog
N
< o
(®)]
(@)
o
Asp
-4 -2 0 2 4
Sne B
- TD
Lfu Rma
Dmi
o PhyPep
< Hge DI
9 Lpe /A o7 Yo
= tmy Tty g
PfeSbo
P2y Diic WW
Rmi
Sla
- ... DEP
] ma
Pto
-2 -1 0 1 2

CCA1

Fig 3 — Canonical correspondence analysis (CCA) showing the influence of
environmental factors on anurans species composition in forests (A) and oil palm
plantations (B). DEP: water body depth; WW: water body width; HD: Diurnal air
humidity; HN: Nocturnal air humidity; TD: Diurnal temperature; CAO: Canopy
openness; for species abbreviations, see Appendix 1.
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Discussion

We found more species in oil palm plantations than in forests, differing from Correa et
al. (2015). A possible explanation is the fact that in this study we searched for anurans
close to water bodies, while Correa et al. (2015) also sampled a large portion more distant
from water bodies. Elsewhere in the Amazon, anurans diversity may differ between sites
close to and away from large water bodies (Menin et al. 2011; Rojas-Ahumada et al. 2012;
Landeiro et al. 2014), mainly because of species that do not breed in large water bodies
(Menin et al. 2008; Landeiro et al. 2014). However, as our sample design was the same
in both environments, we were able to compare the effects of environmental factors on
anurans diversity between them, especially in portions of the habitats where
environmental variables may affect negatively the breeding site of many species (e.g.
species that lay eggs directly into water).

Microclimatic and habitat structural factors (diurnal air temperature, nocturnal air
humidity and pond depth) differed between forest and oil palm plantations, as in other
studies (Glor et al. 2001; Turner and Foster 2009; Fayle et al. 2010; Gillespie et al. 2012;
Savilaakso et al. 2014). Besides, in each habitat type (forest and oil palm plantation), a
set of environmental factors affected anurans assemblages: microclimatic factors in
forests and habitat structural factors in oil palm plantations. As observed in other studies,
habitat structure is less complex in oil palm plantations, which in turn reduces
microhabitat availability (Danielsen et al. 2009; Faruk et al. 2013; Konopik et al. 2014).
Therefore, it is expected a reduction in species richness in this environment, as previously
observed in the same area (Correa et al. 2015), and that habitats structurally more complex
(forests) may support more different species than less complex habitats (oil palm

plantations).
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The environmental factors that most varied among the plots in oil palm plantations
also affected anurans assemblage (water bodies depth and width, canopy openness and
diurnal temperature). These environmental factors, especially habitat structural, are
known to influence diversity of anurans and other groups that use or inhabit water bodies
(Wellborn et al. 1996; Vallan 2002; Krishnamurthy 2003; Ribeiro et al. 2012; Juen et al.
2016). Although these environmental factors were not correlated, they may act in synergy
and influence the characteristics of the water bodies used by anurans. This influence is
possible due to the relationship between size of water bodies and amount of sunlight that
reaches the ground, which increases temperature and productivity in large ponds,

consequently affecting species composition (Mokany et al. 2008).

In addition to habitat structure, microclimatic variation affects amphibians
distribution and activity (Spotila 1972; Correa et al. 2012; Dabés et al. 2012), although
diurnal temperature was the only microclimatic factor that affected the assemblage in oil
palm plantations. However, instead of affecting directly the species, microclimatic
variation may affect reproductive microhabitats, which in turn affect anurans diversity
(Pechmann et al. 1989; Santos et al. 2007; Vieira et al. 2009). For example, in sites with
more open canopy, a greater amount of sunlight reaches the ground, increasing
temperature and productivity in water bodies (Nakamura and Yamada 2005; Mokany et
al. 2008). In addition, hydroperiod of water bodies in these sites are usually reduced due
to higher evaporation rates, reflecting on water bodies depth and width, consequently
limiting the occupancy to species associated to ponds with short hydroperiod and rapid
tadpole development (Pechmann et al. 1989; Skelly 1997). Therefore, species abundance,
composition and richness are affected (Eterovick 2003; Santos et al. 2007; Vieira et al.

2009; Silva et al. 2011), as observed in our study.
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Amphibians depend on humid environments mainly because of their physiological
characteristics, as cutaneous respiration, which requires a skin always wet for an efficient
gas exchange and avoid dehydration (Vitt and Caldwell 2014). Therefore, one would
expect some influence of air humidity on anurans distribution in oil palm plantations,
since this factor varies more greatly than in forests. However, the anurans in oil palm
plantations are habitat generalist species, as Boana multifasciata, Physalaemus
ephippifer, Pithecopus hypochondrialis and Scinax nebulosus (Correa et al. 2015),
possibly more tolerant to low levels of air humidity, as observed in other amphibians

(Spotila 1972).

Regarding forests, only microclimatic factors (air temperature and humidity)
influenced anurans assemblage. Differing from oil palm plantations, in forests we found
species associated to this habitat type, as Trachycephalus resinifictrix and Adenomera sp.
(Correa et al. 2015). Air humidity is a factor that strongly affects diversity and abundance
of tropical amphibians in a given area, especially species that use specific microhabitat,
with high levels of air humidity for their reproduction (Duellman 1988; Allmon 1991,
Haddad and Prado 2005), explaining the positive relationship between air humidity and

number of individuals in forests.

Air temperature is an important factor because amphibians are vertebrates that use
external sources of heat to regulate their body temperature (Vitt and Caldwell 2014).
Although their skin is highly permeable and susceptible to water loss through
evaporation, amphibians adopt a variety of behavioral and physiological mechanisms to
control water loss, keeping their body temperature at non-lethal levels (Brattstrom 1963,;
Brattstrom 1970; Lillywhite 1970). Besides, amphibians tend to inhabit sites with optimal

temperature ranges, where they maintain normal metabolic activity without excessive

71



water loss (Spotila 1972). In our study, temperature varied between 27 °C and 33 °C,
which apparently does not represent lethal temperature to forest anurans, explaining the
positive relationship between air temperature and number of individuals.

On the other hand, although some anuran species are associated to forest habitats
(Correa et al. 2015), we did not find any influence of habitat structural factors on anurans
assemblage structure in this environment. Other studies in tropics have found that spatial
factors may be more important to explain the distribution of some anuran species in
forests (Ernst and Rddel 2008; Menin et al. 2011; Rojas-Ahumada et al. 2012; Landeiro
et al. 2014), especially species that do not use large water bodies for reproduction
(Landeiro et al. 2014). Some species also found by Correa et al. (2015) have direct
development (e.g. Adenomera sp., Pristimantis fenestratus) or use small water bodies on
the ground or vegetation, as tree holes and/or bromelians (e.g. Trachycephalus
resinifictrix, Osteocephalus oophagus, Rhinella gr. margaritifera) (Hodl 1990). Anurans
with such reproductive specializations are habitat specialist, widely distributed within the
forest (Menin et al. 2008; Menin et al. 2007) and more strongly affected by spatial factors

(Landeiro et al. 2014).

The tolerance to variation on environmental factors vary among species. For example,
in laboratory, Spotila found that other amphibian species (salamanders, Caudata) can
tolerate some degree of microclimatic variation (air temperature and humidity), varying
among the species. In the case of forest anurans, the species may tolerate a certain degree
of environmental disturbance, as opening of clearings (Messere and Ducey 1998), as long

as their microhabitats are preserved.

We found that environmental factors varied less in forests than in oil palm plantations,

suggesting that: a) environmental variation is within anurans tolerance limits and for that
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reason the assemblage is not affected by the environmental factors we analyzed in forests;
and b) environmental variation in oil palm plantations is beyond the tolerance limit of
some species. For that reason the effects of environmental factors on anurans seem to be

stronger in oil palm plantations than in forests.

As previously observed in the same area, conversion of forest to monoculture affects
negatively anurans diversity, especially in oil palm plantations (Correa et al. 2015), which
is more evident with our findings. Environmental variation among the plots was not
enough to affect anurans diversity in forests, at least at richness and composition level. In
oil palm plantations, environmental variation is strong enough to affect anurans
abundance and composition, leading us to conclude that environmental variation in this
habitat type is beyond the tolerance of some species to survive and distribute

homogeneously.

Oil palm plantations are habitats structurally less complex than forests. However, the
vegetation characteristics of oil palms maintain the habitat tolerable to species with wide
niche breadth. In the case of forests, environmental variation was not as severe to the
anurans assemblage as it was in oil palm plantations. Besides, as observed also by Correa
et al. (2015), anurans found in oil palm plantations are habitat generalist, with low
conservation value, especially the most abundant ones. Those species are also easily
found in open areas and favor from habitat changes (as in oil palm plantations) at the
detriment of habitat specialist species, with high conservation value and specific
characteristics that hinders their survival in disturbed habitats. Thus, it increases the need
for preserving natural habitats (e.g. forests) surrounding oil palm plantations to avoid or

at least reduce the loss of species and maintain regional biodiversity.
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Appendix 1 — Species recorded within the property of Agropalma Company, with

respective abbreviations and number of individuals in forests and oil palm plantations.

Number of individuals

Species Abbreviation  Forest Oil palm

Aromobatidae

Anomaloglossus sp. Asp 3

Bufonidae

Amazophrynella bokermani Abo 13
Amazophrynella minuta Ami 12
Rhinella gr. margaritifera Rma 1

Rhinella marina Rmar 12
Rhinella mirandaribeiroi Rmi 1

Centrolenidae
Vitreorana sp. Vsp 10

Craugastoridae

Pristimantis fenestratus Pfe 1
Hylidae

Boana cinerascens Hci 200

Boana geographica Hge 6 2
Boana multifasciata Hmu 5 44
Dendropsophus leucophyllatus Dle 10 28
Dendropsophus melanargyreus Dme 6
Dendropsophus microcephalus Dmic 107
Dendropsophus minutus Dmi 1 140
Dendropsophus sp. Dsp 10
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Osteocephalus oophagus
Scinax boesemani

Scinax nebulosus

Scinax gr. ruber
Sphaenorhynchus lacteus
Trachycephalus resinifictrix
Trachycephalus typhonius
Leptodactylidae
Adenomera sp.
Leptodactylus fuscus
Leptodactylus macrosternum
Leptodactylus mystaceus
Leptodactylus petersii
Leptodactylus paraensis
Leptodactylus pentadactylus
Physalaemus ephippifer
Microhylidae
Chiasmocleis papachibe
Phyllomedusidae
Calimedusa tomopterna
Phyllomedusa bicolor

Pithecopus hypochondrialis

Ooo
Sho
Sne
Sru
Sla
Tre

Tty

Ade
Lfu

Lma
Lmy
Lpet
Lpa
Lpe

Pep

Cpa

Pto

Pbi

Phy

20

29

68

188

60

13

84

18

289

44

183
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CapiTuLO 111

EFEITOS DA PLANTAGCAO DE PALMAS DE DENDE SOBRE A DIVERSIDADE FUNCIONAL DE

ANUROS NA AMAZONIA ORIENTAL, BRASIL

Este capitulo sera submetido para a revista Journal of Tropical Ecology (ISSN: 0266-
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numeracéo das linhas, apresentacéo de figuras e tabelas por sugestdo da banca, e idioma

que sera traduzido posteriormente.
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Resumo: O cultivo de palma de dendé tem crescido nos tropicos devido a alta
rentabilidade e condi¢cdes ambientais favoraveis, acompanhado de sérios efeitos negativos
na biodiversidade. Nessa perspectiva, analisamos como o cultivo de palma de dendé afeta
a estrutura funcional das assembleias de anuros na Amazonia oriental. Fizemos
amostragens durante o més de abril de 2012, 2015 e 2016 em parcelas de 2100 m? (31 em
florestas x 31 em plantagdes de dendé). Fizemos procura ativa visual e acUstica dos anuros
em cada parcela. Utilizamos 31 caracteres funcionais relacionadas ao periodo de
atividade, uso de microhabitat e reproducéo e calculamos a diversidade funcional (FD).
Encontramos maior diversidade funcional nas florestas do que nas plantagdes de dendé,
sendo relacionada também com a riqueza de espécies. Houve diferenca na distribuicéo
dos caracteres funcionais entre os ambientes, com alguns caracteres sendo mais
observados nas florestas que nas plantagdes de dendé e outros nas plantacGes de dendé.
A converséo de florestas em plantagéo de dendé reduz diversidade funcional de anuros,
assim como reduz a frequéncia ou leva ao desaparecimento de determinados caracteres
funcionais. Para tentar diminuir esses efeitos é essencial preservar florestas proximo a
areas de monocultura como forma de manter a diversidade regional de espécies e a

funcionalidade do ecossistema.
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INTRODUCAO

Diversas modificacfes ambientais tem ocorrido nas Ultimas décadas nas regides tropicais,
principalmente causadas pelo desmatamento para diferentes usos da terra (Gascon et al.
2001, Laurance et al. 2004, Fearnside 2005, Malhi et al. 2014). Entre essas atividades, a
agricultura é uma das que mais tem se intensificado (Malhi et al. 2014), incluindo o
cultivo de palma de dendé (Elaeis guineensis) para a producdo de 6leo vegetal
(Fitzherbert et al. 2008, Koh & Wilcove 2008, Butler & Laurance 2009). A alta
rentabilidade em relacdo a outros tipos de monocultura é um dos fatores que mais
contribui para o aumento desse cultivo, além do clima e o solo adequados das regides
tropicais (Wilcove & Koh 2010).

No entanto, 0 aumento desse cultivo tem trazido prejuizos para a biodiversidade local.
Seus efeitos negativos tem sido observados sobre a estrutura das assembleias bioldgicas
(composicdo, riqueza e abundancia) de variados grupos taxonémicos em regides
tropicais, como no Sudeste da Asia (Aratrakorn et al. 2006, Turner & Foster 2009, Fayle
et al. 2010 Faruk et al. 2013) e mais recentemente na Amazonia brasileira (Correa et al.
2015, Cunha et al. 2015, Lees et al. 2015, Almeida et al. 2016, Juen et al. 2016). As
alteracOes nas estruturas das assembleias bioldgicas tem sido associadas a diminuicao da
complexidade estrutural e homogeneizacdo do habitat em relacdo as areas de floresta
(Fitzherbert et al. 2008, Koh & Wilcove 2008, Danielsen et al. 2009, Fayle et al. 2010,
Faruk et al. 2013, Juen et al. 2016, Cunha & Juen 2017).

A forma mais comumente usada para avaliar as alteraces na diversidade biologica é
baseada na riqueza de espécies e na quantidade de individuos. Essas avaliagdes nem
sempre se mostram eficientes, uma vez que nessa abordagem ndo sdo consideradas
diferengas ou semelhancas morfoldgicas, ecoldgicas e comportamentais, enquanto que a

abordagem funcional leva em consideragdo a importancia e o papel que as espécies
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desempenham no ambiente (Chapin et al. 2000, Diaz & Cabido 2001, Tilman 2001).
Desse modo, em alguns casos ndo é observado variacdo na riqueza e quantidade de
individuos em ambientes alterados (e.g. Belshaw & Bolton 1993, Messere & Ducey 1998,
Gascon et al. 1999, Waltert et al. 2005), pois ocorre a substituicdo de espécies associadas
a determinados tipos de habitat e de distribuicdo mais restrita por espécies mais
generalistas, de distribuicdo mais ampla e mais tolerantes a modificagbes ambientais
(Tocher 1996, Devictor et al. 2008). Como forma de mensurar as semelhancas, diferencas
e importancia das espécies para o funcionamento dos ecossistemas, cada vez mais tem
sido usada a abordagem de diversidade funcional, a qual permite mensurar o papel das
espécies nos ambientes e sua ligacdo com o funcionamento dos processos ecoldgicos
(Tilman 2001).

A diversidade funcional refere-se ao valor e a amplitude dos atributos que influenciam
o funcionamento do ecossistema, permitindo a incorporagdo das diferencas nos papéis
desempenhados pelas espécies e suas contribui¢bes para as relaces de diversidade e
funcionamento do ecossistema (Tilman 2001). Assim, a diversidade funcional pode ser
definida com base na formagéo de grupos funcionais (Tilman 2001, Petchey & Gaston
2006), que sdo conjuntos de espécies com caracteristicas semelhantes (caracteres
funcionais), capazes de influenciar os processos ecoldgicos e a dindmica dos ecossistemas
(Diaz & Cabido 2001, Tilman 2001, Hooper et al. 2005). Esses caracteres funcionais
consideram principalmente caracteristicas ecoldgicas, morfoldgicas, fisioldgicas e
comportamentais das espécies (Tilman 2001), além de caracteristicas relacionadas ao uso
de habitat e reproducgdo (Bremmer et al. 2003, Lassau et al. 2005, Ernst et al. 2006, Flynn
et al. 2009).

Grupos funcionais baseados em caracteres funcionais podem ser perdidos ou

drasticamente afetados com a homogeneizacdo do habitat (Luke et al. 2014), devido a
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reducdo, por exemplo, da disponibilidade de alimentos e de microhabitats reprodutivos
(Tews et al. 2004). Desse modo, alteragdes no uso da terra (e.g. monoculturas) que levem
a mudangcas estruturais no ambiente afetam a diversidade funcional nos variados grupos
taxonémicos, e consequentemente o funcionamento do ecossistema (Chapin et al. 2000,
Tilman 2001, Petchey & Gaston 2006).

Anfibios sdo comumente afetados por mudancas na paisagem, principalmente por
conta de suas necessidades ecoldgicas, fisioldgicas e reprodutivas (Duellman & Trueb
1994, Homan et al. 2003, Vitt & Caldweel 2014). Anuros ocupam diferentes
microhdbitats e possuem diversos modos reprodutivos, desde os mais basais, com ovos
depositados em pogas no solo, até os mais complexos que usam corpos d’agua em
microhdbitats especificos ou possuem desenvolvimento direto (Crump 2015). Por conta
dessas especificidades, algumas espécies sdo associadas aos habitats florestais
preservados (Correa et al. 2015) e com maior heterogeneidade de microhébitats
reprodutivos (Bickford et al. 2010).

As especializagOes reprodutivas de anuros podem ser ainda mais intensas em algumas
espécies, como as que utilizam corpos d’agua arbéreos em ocos de arvore ou bromélias
(e.g. Trachycephalus resinifictrix, Osteocephalus oophagus), ou espécies que ndo
utilizam corpos d’agua para reproducdo (e.g. Pristimantis, Adenomera andreae). Essas
espécies sdo comumente encontradas em habitats mais heterogéneos (e.g. florestas), com
bastante vegetacdo arbOrea e menor variacdo microclimatica, reduzindo o risco de
dessecacgéo da desova e/ou girinos (Haddad & Prado 2005, Vitt & Caldwell 2014). Por
outro lado, em ambientes mais abertos (e.g. areas alteradas) e mais homogéneos, é mais
comum observar espécies que desovam diretamente em corpos d’agua temporarios, ou
que utilizam vegetacdo menos complexa, como gramineas e herbéceas para reproducao

(H6dl 1990, Haddad & Prado 2005). Por conta dessas diferencas, em ambientes mais
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homogéneos estruturalmente, como areas perturbadas (e.g. monoculturas), somente
espécies com determinados caracteres funcionais (e.g. caracteres menos complexos)
conseguem ocupar esses ambientes, uma vez que menos recursos estdo disponiveis.

Recentemente, os efeitos negativos de monoculturas, como as de palma de dendé,
foram observados sobre a diversidade de espécies de diferentes grupos taxonémicos na
Amazonia (Correa et al. 2015, Cunha et al. 2015, Lees et al. 2015, Juen et al. 2016). No
entanto, exceto para aves (e.g. Almeida et al. 2016), os estudos utilizaram as abordagens
classicas de estudos de comunidade, ndo contemplando a diversidade funcional. Na
Amazonia brasileira, o cultivo de palmas de dendé tem se concentrado na porgéo oriental,
principalmente no Estado do Para (Villela et al. 2014), parte da regido conhecida como
“arco do desmatamento”. Embora a &rea plantada na Amazbnia tenha crescido
consideravelmente nos Gltimos anos, o Brasil ainda ndo € o maior produtor de dleo de
palma de dendé do mundo, com metade da Amazonia sendo considerada propicia para o
plantio (Butler & Laurance 2009, Villela et al. 2014). Desse modo, é indispensavel e
urgente que sejam conduzidos estudos para entender como esse tipo de perturbacgéo afeta
a biodiversidade, antes que os efeitos negativos sejam irreversiveis.

Dado o cenério acima, nesse estudo avaliamos como o cultivo de palmas de dendé
afeta a estrutura funcional das assembleias de anuros na Amazonia oriental. Para isso,
testamos as seguintes hipdteses: a) a diversidade funcional de anuros € menor nas areas
de cultivo do que nas &reas de floresta; b) ha distribuicdo diferenciada dos caracteres
funcionais de anuros entre os dois ambientes, com caracteres mais associados as areas de
floresta e caracteres mais associados as areas de cultivo palmas de dendé, onde ocorre

uma simplificacdo do habitat.

97



METODOS

Area de estudo

O estudo foi conduzido na propriedade do Grupo Agropalma (2°13* 00>’ S a 2° 43’ 00’
S e48° 54’00 O a48° 28 00’ O), no municipio de Tailandia do Par, na Amazoénia
Oriental, Brasil (Fig. 1). Na area, 39 000 ha sdo utilizados para o cultivo de palmas de
dendé, enquanto que 64 000 ha correspondem a fragmentos de floresta tropical em contato
com a plantacdo. A area de floresta é coberta principalmente por vegetacdo ombrofila
densa de “terra-firme”, com arvores de até 30 m de altura, sub-bosque com presenca de
lianas e pequenas arvores, serrapilheira com profundidade entre 5-10 cm (Correa et al.

submetido, capitulo 2), além de corpos d’agua temporarios € permanentes.

-2°10'S

-2°20'S

-2°30'S

-2°40'S

1 ) ) U I
49°0'W  48°50'W  48°40'W  48°30'W  48°20'W

Fig 1 — Mapa da area de estudo na propriedade do Grupo Agropalma, na Amazonia
oriental, Brasil. (Areas sombreadas: areas de floresta, areas em branco: &reas abertas e

areas de plantacdo de dendezeiros).
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As areas de cultivo de palma de dendé usadas no estudo sdo de plantios adultos,
variando entre 10 e 20 anos, compreendendo justamente os periodos de maior producao
de cachos. Em é&reas de cultivo de palmas de dendg, a estrutura de sub-bosque é menos
complexa que nas areas de floresta (Danielsen et al. 2009; Faruk et al. 2013), com
gramineas e plantas herbaceas como vegetacdo dominante de sub-bosque, serrapilheira
geralmente ausente, ¢ com presenga de corpos d’agua temporarios que sdo formados
durante a estacdo de chuva, e que nao sdo conectados a nenhum corpo d’agua permanente.
Além disso, hé presenca de vegetacao riparia que varia entre 10-30 m de largura, nas areas
de contato entre as plantacGes e 0s corpos d’agua.

O clima local ¢ do tipo Af equatorial tmido tropical (Képpen 1936; Peel et al. 2007),
com estacdo chuvosa entre dezembro e maio, e um periodo de pluviosidade reduzida entre
junho e novembro. A pluviosidade média anual € de 2344 mm, com pico médio de 427
mm em marco e reducdo media para 54 mm em setembro (Albuquerque et al. 2010). A
temperatura média anual € em torno de 26°C, enquanto que a umidade relativa do ar média

é em torno de 85% (Oliveira et al. dados ndo publicados).

Desenho amostral

As amostragens foram feitas em trés expedicOes a campo, durante o més de abril de 2012,
2015 e 2016, no periodo de maior pluviosidade da regido. Durante as expedic6es de abril
de 2012 e 2015, foram feitas amostragens em 12 parcelas dentro dos fragmentos florestais
(sete em 2012 e cinco em 2015) e em 11 parcelas em &reas de plantagdo de palmas de
dendé (seis em 2012 e cinco em 2015). Nessas expedi¢des as parcelas tinham forma
retangular e mediam 2100 m? (210 m x 10 m). Cada parcela estava conectada um corpo
d’agua, com a porg¢do de 10 m em paralelo com a margem, enquanto que a por¢éo de 210

m corria de forma perpendicular ao corpo d’agua. Na expedicao de abril de 2016, foram
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feitas amostragens em 19 parcelas dentro de fragmentos florestais e em 20 parcelas em
areas de plantacdo de palmas de dendé, totalizando 39 parcelas. Nessa expedicdo, cada
parcela tinha forma retangular de 2.100 m2 (70 m x 30 m), sendo assim mantido tamanho
de area semelhante as expedicGes anteriores. O maior lado da parcela (70 m) sempre
estava paralelo com um corpo d’agua e com um dos lados em contato com 0 mesmo,
enquanto que os lados de 30 m corriam perpendicularmente ao corpo d’agua.

Nas trés expedicGes, cada parcela estava a uma distancia minima de 500 m da mais
proxima. O método de parcelas tem sido utilizado em estudos recentes com anfibios na
Amazonia, tanto para analises de diversidade de espécies, quanto de efeitos das variaveis
ambientais (e.g. Whitfield & Pierce 2005, Correa et al. 2012, Bitar et al. 2015, Correa et
al. 2015). Cada parcela de cada expedicdo foi considerada como uma réplica para o
estudo. A distribuicdo das parcelas proximas aos corpos d"agua possibilita avaliar a area
ocupada principalmente pelas espécies com reproducdo aquatica (Semilitsch 1998,

Rittenhouse & Semilitsch 2007).

Coleta de anuros

Nas trés expedicdes, cada parcela instalada foi vistoriada duas vezes: uma durante o
periodo diurno (entre 14h00 e 17h00) e uma vez durante o periodo noturno (entre 19h00
e 22h00), como feito na mesma area por Correa et al. (2015). Desse modo, pudemos
observar de forma padronizada espécies que entram em atividade em diferentes horarios
do dia. A procura por anuros foi feita sempre por trés a quatro coletores, através do
método de procura ativa visual e acustica (reconhecimento de vocalizacdo) (Heyer et al.
1994), com duracéo entre 60 e 80 minutos cada vistoria, terminando somente depois que
toda parcela fosse vistoriada. Em cada parcela foram vistoriados todos os microhabitats

disponiveis, como superficie de folhas, troncos, ocos de arvores, serrapilheira e corpos
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d’agua. Para cada individuo encontrado, foram coletadas informagdes de horério, parcela
de encontro, microhéabitat e sitio de vocalizagdo (quando encontrado em atividade
reprodutiva).

Alguns individuos foram coletados para a confirmar a identificagdo até o nivel de
espécie em laboratorio e como material testemunho. Os individuos coletados foram
acondicionados em sacolas plésticas e levados ao laboratério para serem mortos por
superdosagem de anestésico, administrado na regido ventral do individuo. Em seguida,
cada espécime foi fixado em solucdo formalina 10% e ap6s 48h foram preservados em
alcool 70%. Nenhuma das espécies coletadas estava classificada como ameacada de
extincdo (IUCN 2015). Todos os espécimes de anuros coletados encontram-se
depositados na Colecdo Zooldgica da Universidade Federal do Par4 e posteriormente

serdo encaminhados ao Museu Paraense Emilio Goeldi.

Caracteres funcionais

Segundo Ernst et al. (2006), a escolha dos caracteres funcionais precisa identificar a
formagcdo de grupos funcionais nas assembleias bioldgicas. Por conta disso, selecionamos
31 caracteres funcionais para anuros tanto das areas de floresta quanto das areas de
plantacdo de palmas de dendé. Os caracteres funcionais foram divididos em oito
categorias (adaptado de Ernst et al. 2006): periodo de atividade; habitat preferencial dos
adultos; periodo/tipo de reproducao; tipo de corpo d’agua usado para reprodugao; sitio de
vocalizacdo preferencial; local de desova; local de desenvolvimento dos girinos; e
cuidado parental (Tabela 1, apéndice 1). Os caracteres selecionados influenciam a
dispersdo, o estabelecimento e persisténcia de anuros em um ambiente, que sdo

caracteristicas importantes da histdria natural desse grupo (Ernst et al. 2006).
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Tabela 1 — Categorias, caracteres funcionais com respectivas abreviaturas utilizados nas analises de diversidade funcional de anuros, nimero de
espécies com determinado caractere funcional em cada ambiente e loadings da PCA para cada caractere funcional em &reas de floresta e de

plantacéo de dendezeiros na Amazonia oriental.

Categoria (abreviatura) Caractere funcional (abreviatura) Espécies (N) Loadings

Floresta Plantacdo @ PCA1 PCA2

Periodo de atividade (DA) Diurno (diu) 5 2 0.072883 0.15445
Noturno (noc) 22 27 0.34168 -0.16863
Diurno e noturno (diu-noc) 2 1 0.074084 0.000379
Microhébitat principal dos adultos (APM)  Vegetacéo (veg) 11 11 0.17535 0.006979
Terrestre (terr) 16 19 0.26446 -0.04838
Fossorial (foss) 2 0 0.036828 0.059744
Periodo/tipo de reprodugdo (BA) Chuvoso (rainy) 24 25 0.32133 -0.20328
Seco (dry) 2 1 0.08031 0.094442
Explosiva (explos) 3 3 0.13953 0.29173
Prolongada (prolong) 0 1 0.001442 -0.00233
Tipo de poga para reproducdo (PH) Temporaria (temp) 15 17 0.31077 -0.27308
Permanente (perm) 3 3 0.084004 0.23421
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Local preferencial de vocalizacdo (PCS)

Local de oviposicao (OS)

Local de desenvolvimento do girino (TDS)

Cuidado parental (PC)

Temporaria e permanente (temp-perm)
N&o usa poc¢a (NoPond)

Graminea e herbaceas (gram-herb)
Vegetacdo arborea (arbor)
Serrapilheira (If)

Na agua (wat)

Diretamente na 4gua (DirWat)

Ninho de espuma na agua (FoamWat)
Superficie de folha (leaf)

Bacia ou camara terrestre (TerrCham-Basin)
Buraco de arvore (TreeHole)

Terrestre ou serrapilheira (Terr-Lit)
Corpo d'agua no chao (wgr)

Corpo d'agua em vegetacao (wtr)

Serrapilheira ou solo (Ifg)

Cuidado com protecéo e alimentagédo (PcPrFe)

Cuidado somente com transporte (PcTr)

0.16943

0.10754

0.18079

0.20488

0.029097

0.14788

0.26502

0.10471

0.087661

0.12247

0.10993

0.035811

0.34917

0.10993

0.10754

0.093567

0.042689

0.33207

0.21307

-0.10759

0.2618

-0.10936

0.22932

0.13203

0.00377

-0.03752

0.15055

0.20252

0.04754

-0.24816

0.20252

0.21307

0.18287

-0.01538
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Cuidado somente com protecédo (PcPr) 2 0 0.10532 0.2333

Sem cuidado parental (NoPc) 24 27 0.3398 -0.23606
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As caracteristicas relacionadas a reprodugdo que utilizamos foram baseadas nos
critérios de classificacdo dos modos reprodutivos de Hodl (1990), Duellman & Trueb
(1994), Haddad & Prado (2005) e Vitt & Caldwell (2014). Além disso, outra diferenca
em relagcdo a Ernst et al. (2006) foi de que n&o utilizamos a classificagcdo de guilda
ecomorfoldgica dos girinos, uma vez que ha uma grande lacuna de conhecimento das
caracteristicas ecoldgicas de girinos na Amazénia e nem sempre poderiamos obter as
informagdes em campo. Todas as informagdes dos caracteres funcionais foram obtidas
preferencialmente em campo e/ou apoio de literatura especializada (e.g. H6dl 1990, Lima

et al. 2006).

Diversidade Funcional
Utilizamos todos os 31 caracteres funcionais nas analises e construimos duas matrizes:
uma com as informagdes das ocorréncias das espécies nas parcelas e outra com 0s
caracteres funcionais de cada espécie (Tabela 1). A matriz dos caracteres funcionais foi
transformada em uma matriz de similaridade através da medida de similaridade de Gower
para andlises de diversidade funcional (Pavoine et al. 2009). Em seguida, fizemos um
dendrograma baseado nos caracteres funcionais utilizando o método de agrupamento
UPGMA, para obter os grupos funcionais e em seguida calcular os indices de diversidade
funcional (FD) (Petchey & Gaston 2002) de cada parcela. Os valores de FD variam entre
0 e 1, onde os valores mais proximos de 0 representam menor diversidade funcional,
enguanto que os valores mais préximos de 1 representam maior diversidade funcional
(Petchey & Gaston 2002).

Segundo Mouchet et al. (2010), o uso do indice FD é adequado para analises de
diversidade funcional, uma vez que este consegue detectar de forma eficiente os

pardmetros de estruturacdo funcional das assembleias, levando em consideracéo tanto a
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riqueza quanto a composigdo de espécies. Devido algumas amostras terem apresentado
apenas uma espécie (quatro na floresta e uma na plantacdo de palmas de dendé), ndo foi
possivel utilizar o tamanho de efeito padronizado (SES) nas analises de FD, uma vez que
para esse calculo é necessario mais de uma espécie em cada amostra para obter valores
médios.

Utilizamos o dendrograma baseado nos caracteres funcionais para obter a quantidade
de grupos funcionais presentes em cada tipo de ambiente. Para isso, usamos o valor de
0.15 na medida de similaridade de Gower como valor de corte das ramificagdes. Assim
como no estudo de Ernst et al. (2006), esse valor foi arbitrario, uma vez que a escolha de
valores de corte mais baixos se aproximaria muito do nivel de espécies no dendrograma
funcional, e como consequéncia ndo trazem informac6es adicionais relevantes para o

estudo.

Andlise de dados

Usamos uma analise de covariancia (ANCOVA) para testar a hipdtese de que a
diversidade funcional (FD) de anuros € afetada pelos diferentes tipos de ambientes
(floresta e plantacdo de dendezeiros), que foram as variaveis categdricas, enquanto que a
riqueza de espécies foi a covariavel e os valores de FD foram a variavel dependente
(Mouchet et al. 2010). O uso desse teste é justificado com base no fato de que o tipo de
habitat pode afetar a diversidade funcional, assim como a riqueza de espécies pode
também influenciar os valores de FD. Também usamos ANCOVA para testar se a
guantidade de grupos funcionais por parcela diferiu entre os dois tipos de ambiente e se
essa quantidade é afetada pela riqueza de espécies. Nessa andlise, os tipos de ambiente
foram as varidveis categoricas, a riqueza de espécies foi o cofator e a quantidade de

grupos funcionais foi a variavel dependente.
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Para testar se h& diferenca na distribuicdo dos caracteres funcionais entre floresta e
plantacdo de dendezeiros, foi usada uma anélise de variancia permutacional multivariada
ndo-paramétrica (PERMANOVA), com 10000 permutacdes para testar sua significancia.
Para visualizar a variagdo na distribuig@o dos tragos funcionais de anuros entre os dois
ambientes, foi feita uma analise de componentes principais (PCA), com a matriz de
variancia dos caracteres funcionais de acordo com a quantidade de espécies que
apresentavam determinado traco em cada amostra. Utilizamos o critério de parada de
Broken Stick para observar quais componentes principais foram mais importantes. Todas
as andlises estatisticas foram feitas nos softwares PAST 3.13 (Hammer et al. 2001) e R

(R development core team 2013), com 0s pacotes ade4, FD, picante e vegan.

RESULTADOS

Registramos 2174 individuos, pertencentes a 40 espécies e nove Familias. Registramos
29 espécies (N =546) nas areas de floresta e 30 espécies (N = 1628) nas areas de plantacdo
de palmas de dendé. Dos 31 caracteres funcionais analisados, 30 foram observados nas
areas de floresta e 28 nas areas de plantacdo de palmas de dendé. Trés caracteres
funcionais foram observados somente na floresta, enquanto que somente um foi
observado exclusivamente nas areas de plantacdo de palmas de dendé (Tabela 1).

O FD foi maior nas florestas do que nas plantacdes de palmas de dendé (F = 7.627, df
=59, P =0.008), com influéncia positiva da riqueza de espécies (F = 286.308, df =59, P
< 0.001, Fig. 2). Baseado no valor de corte de 0.15 das ramificages do dendrograma
funcional, detectamos 13 grupos funcionais na floresta e 11 grupos funcionais nas areas
de plantacdo de palma de dendé (Fig. 3). A PERMANOVA indicou diferenga na
distribuicdo dos caracteres funcionais entre os dois ambientes (Pseudo F = 13.66, P <

0.001).
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Fig 2 — Gréfico da analise de covariancia (ANCOVA) mostrando a interacdo entre 0s
tipos de ambiente (florestas e plantacdo de dendé) e a riqueza de espécies, afetando a
diversidade funcional de anuros dentro da propriedade do grupo Agropalma na Amazonia
oriental, Brasil. Triangulos pretos representam as amostras de floresta; Cruzes

representam as amostras de plantacéo de dendé.
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Fig 3 — Dendrograma funcional de anuros das areas de floresta e de plantacdo de dendezeiros dentro da propriedade do grupo Agropalma, na
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Fig 4 — Grafico da analise dos componentes principais, mostrando a distribuigdo dos caracteres funcionais nos ambientes de floresta (quadrados

preenchidos) e de plantacdo de dendezeiros (quadrados vazios), na propriedade do grupo Agropalma, na Amazonia oriental, Brasil.
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Em seus dois primeiros eixos, a PCA explicou 82.72% da variagcdo dos caracteres
funcionais nos dois ambientes, sendo que o primeiro eixo explicou 57.945% da variagéo
encontrada, enquanto que o segundo eixo explicou 24.775% (Tabela 1). Em relacdo aos
caracteres funcionais, observamos a prevaléncia de alguns em parcelas do mesmo tipo de
ambiente, de acordo com o primeiro eixo. No segundo eixo da PCA, ja foi possivel
observar a associacdo de alguns caracteres funcionais com cada tipo de ambiente. Nesse
caso, principalmente habito diurno, reproducdo em ambas pocas permanentes e
temporarias, reproducao prolongada, a ndo utilizacéo de pocas para reproducéo, atividade
reprodutiva prolongada, desova e desenvolvimento terrestre e em buracos de arvores, uso
de serrapilheira e estrato arboreo como local preferencial de vocalizagdo e o cuidado
parental foram caracteres associados ao ambiente de floresta. Por outro lado, o uso de
somente pocas temporarias, reproducdo somente na estagdo de chuva, desenvolvimento
em corpos d’agua no solo e auséncia de cuidado parental foram os caracteres funcionais

mais associados ao ambiente de plantacdo de palmas de dendé (Fig. 4).

DISCUSSAO

Como esperado, houve reducdo da diversidade funcional nas plantacfes de palmas de
dendé em relacéo as florestas. Resultados similares foram observados em outros estudos,
com outros grupos taxondmicos na regido tropical, como besouros (Edwards et al. 2014,
Gray et al. 2014), libélulas aquéticas (Dolny et al. 2012), mamiferos e aves (Edwards et
al. 2013, Flynn et al. 2009, Almeida et al. 2016, Prescott et al. 2016). Essa reducéo leva
a uma homogeneizagdo fenotipica da assembleia, que é mais comum em locais onde ha
grande variacdo de fatores ambientais (Kraft et al. 2015), pois poucas espécies e/ou
caracteres sdo capazes de se manter nesses tipos de ambiente, como nas areas de plantacéo

em nosso estudo (Correa et al. artigo submetido, Capitulo I1).
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A distribuicédo dos caracteres funcionais de anuros diferiu entre floresta e a plantacao
de palmas de dendé. Alguns caracteres foram mais comumente, ou exclusivamente,
encontrados na floresta (e.g.: uso de pocas permanentes, cuidado parental), assim como
alguns caracteres funcionais foram mais encontrados nas areas de plantacéo de palmas de
dendé (e.g.: uso somente de corpos d’agua temporarios, reprodu¢do somente durante a
estacdo de chuva, auséncia de cuidado parental). Nas plantacGes de palmas de dendé,
alguns grupos e caracteres funcionais de anuros foram perdidos ou estdo presentes em
frequéncias muito baixas, permanecendo apenas aqueles mais comuns e menos
complexos (i.e. que ndo necessitam de condigdes muito especificas das florestas). Assim,
a conversao de floresta para monoculturas esta levando ao empobrecimento estrutural do
ambiente (Correa et al. artigo submetido, Capitulo Il) e impactando o0s processos
ecossistémicos (Chapin et al. 2000, Tilman 2001, Petchey & Gaston 2006, Ernst et al.
2006). Ambos ocorrem quando os caracteres e/ou grupos funcionais perdidos séo
fundamentais para o funcionamento do ecossistema (EImgvist et al. 2003), ou as espécies
estdo em posicdes tréficas intermediarias (sdo presas e predadores), exatamente como é
0 caso dos anuros.

A diferenca na distribuicdo dos caracteres funcionais de anuros e a ocorréncia de
somente um caractere exclusivo na plantacdo de palmas de dendé evidenciam que
somente espécies e grupos funcionais mais tolerantes a ambientes abertos conseguem se
manter nesse ambiente. Desse modo, ocorre alteragcdo do padrdo de equitabilidade da
distribuicdo das abundancias das espécies, com dominancia de algumas poucas espécies
nesse ambiente (Correa et al. 2015), com caracteres funcionais que ndo necessitam de um
ambiente tdo complexo quanto as florestas (Danielsen et al. 2009, Faruk et al. 2013,

Correa et al. artigo submetido, capitulo I1).
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A selecdo de determinadas caracteristicas em areas de plantagdo de palmas de dendé
ja foi observada no sudeste asiatico, onde alguns grupos de formigas e cupins com
determinados caracteres funcionais foram fortemente afetados de forma negativa, devido
a mudancas ambientais ocorridas nas areas de plantacdo, deixando tais caracteres restritos
a florestas (Luke et al. 2014). No caso dos anuros em nosso estudo, a sele¢éo de caracteres
funcionais em cada tipo de ambiente pode ser explicado pelas variagdes ambientais entre
a floresta e a plantacdo de palmas de dendé, como a presenca de arvores de maior porte,
dossel mais fechado, presenca de serrapilheira (Faruk et al. 2013, Correa et al. submetido,
capitulo Il), maior cobertura contra radiacao solar direta (Xavier & Napoli 2011), menor
variacdo microclimatica (Chen et al. 1999), e maior disponibilidade de alimentos e
microhdbitats reprodutivos em areas de floresta (Tews et al. 2004).

Em locais estruturalmente mais complexos e com menor varia¢do microclimatica (e.g.
florestas), as pocas podem ter maior tamanho e hidroperiodo (Krishnamurthy 2003,
Nakamura & Yamada 2005, Neckel-Oliveira 2007, Keller et al. 2009), uma vez que o
dossel mais fechado das florestas controla mais eficientemente a entrada de luz solar e o
fluxo de energia (Chen et al. 1996), garantindo uma estabilidade microclimética e a
disponibilidade de corpos d’agua com tamanho e hidroperiodo adequados para as
espécies. Desse modo, € possivel a existéncia de espécies que usam corpos d’agua
permanentes ou com longo hidroperiodo e de espécies que utilizam pequenos acimulos
de agua em buracos de arvore ou que reproduzem fora de pocas.

Além disso, essa estabilidade microclimatica € importante para espécies diurnas, que
mesmo que consigam controlar a perda de agua por evaporacdo e evitar atingir
temperatura corpérea a niveis letais (Brattstrom 1963, Brattstrom 1970, Lillywhite 1970),
necessitam de locais com faixas de temperatura étima para viver (Spotila 1972). No caso

do nosso estudo, as faixas de temperatura diurna podem ser adequadas na floresta, mas
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pode estar acima do limite de tolerancia dessas espécies nas plantagdes de palmas de
dendé (Correa et al. artigo submetido, Capitulo 1), explicando porque este caractere
funcional (h&bito diurno) é pouco ou mesmo nédo observado em areas de dendezeiro.

Espécies com cuidado parental (e.g. Osteocephalus oophagus) estavam presentes
primariamente nas areas de floresta. Por cuidarem da prole e algumas vezes necessitarem
de microhabitats muito especificos (e.g. bromélias), essas espécies sdo mais seletivas
quanto ao local de desova e de transporte dos girinos, quando necessario (Weygoldt 1987,
Clutton-Brock 1991, Brown 2013). Sendo assim, a estabilidade microclimatica somada a
estrutura mais complexa do ambiente florestal parece ser de grande importancia para que
espécies que tem cuidado parental consigam reproduzir e manter populacfes no ambiente,
explicando sua baixa abundancia ou auséncia nas areas de plantacdo de palmas de dendé.

Nossos resultados ressaltam a necessidade de analisar também a distribuicdo dos
caracteres funcionais entre os ambientes. Desse modo, este estudo torna mais evidente
que a real dimensao dos efeitos dessa monocultura sobre a biodiversidade é ainda maior
que o comumente observado somente na diversidade de espécies, uma vez que
observamos a presenca de caracteres funcionais mais frequentes ou exclusivos das areas
de floresta.

O desaparecimento de florestas ou a quebra desses habitats forca os anuros a
utilizar ambientes perturbados (e.g.: plantagdes de palmas de dendé), com caracteristicas
bidticas e abidticas além de sua capacidade de sobrevivéncia (Becker et al. 2007, Neckel-
Oliveira 2007, Becker et al. 2010), sendo levados ao desaparecimento. Nossos resultados
indicam que alguns caracteres funcionais de anuros sao selecionados negativamente no
novo hébitat (plantacdo de dendé), mais homogéneo estruturalmente (Fitzherbert et al.

2008, Koh & Wilcove 2008, Danielsen et al. 2009, Fayle et al. 2010, Faruk et al. 2013,
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Juen et al. 2016) e com menos recursos disponiveis do que nas florestas, além da
capacidade de sobrevivéncia das espécies que possuem tais caracteres.

Como o Brasil ainda esta expandindo o cultivo de palmas de dendé (Butler & Laurance
2009, Villela et al. 2014), algumas medidas devem ser tomadas para preservar as florestas
ao redor das monoculturas. Desse modo, € possivel evitar que ocorra como no sudeste
asiatico, onde grandes areas de floresta foram convertidas em monoculturas de palmas de
dendé (Fitzherbert et al. 2008), com drasticas reducfes da diversidade taxonémica e
funcional (Flynn et al. 2009, Dolny et al. 2012, Gillespie et al. 2012, Edwards et al. 2013,
Faruk et al. 2013, Edwards et al. 2014, Gray et al. 2014, Luke et al. 2014, Prescott et al.
2016). Com base nos nossos resultados, sugerimos que florestas devam ser mantidas
proximas as plantacdes de palmas de dendé como forma de amenizar os efeitos negativos
dessa monocultura tanto sobre a diversidade de espécies quanto funcional, mantendo os
processos ecoldgicos e a dinamica do ecossistema ao mesmo tempo que se produz o 6leo

das palmas de dendé.
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Apéndice 1 — Espécies observadas nas florestas e plantacdes de dendezeiros com seus respectivos caracteres funcionais (abreviagdes de acordo

com a Tabela 1), na &rea do grupo Agropalma, Amazonia oriental, Brasil.

Espécie

Adelphobates galactonotus
Adenomera sp.
Amazophrynella bokermanni
Amazophrynella minuta
Anomaloglossus sp.

Boana boans

Boana cinerascens

Boana geographica

Boana multifasciata
Calimedusa tomopterna

Chiasmocleis papachibe

DA

Diu

Diu

Diu

Diu

Diu

Noc

Noc

Noc

Noc

Noc

Noc

APM
Terr
Terr
Terr
Terr
Terr
Veg
Veg
Veg
Veg
Veg

Foss

BA
Rainy
Rainy
Rainy
Rainy
Rainy

Dry

Prolong
Prolong
Rainy
Rainy

Rainy

PH
NoPond
NoPond

Temp
Temp
NoPond
Temp-perm
Temp-perm
Perm
Perm
Temp

Temp

PCS

Lf

Lf

Arbor

Arbor

Lf

Arbor

Arbor

Lf

Gram-herb

Arbor

Lf

OS

Terr-Litt

TerrCham

DirWat

Terr-Litt

Terr-Litt

TerrCham

DirWat

DirWat

DirWat

Leaf

DirWat

TDS
Waor
Lfg
Waor
Waor
War
War
War
War
War
War

War

PC

PcTr

NoPC

NoPC

NoPC

PcTr

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC
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Dendropsophus leucophylatus
Dendropsophus melanargyreus

Dendropsophus microcephalus

Dendropsophus minutus
Dendropsophus nanus
Hamptophryne boliviana
Leptodactylus fuscus
Leptodactylus macrosternum
Leptodactylus mystaceus
Leptodactylus paraensis
Leptodactylus pentadactylus
Leptodactylus petersii
Osteocephalus leprieurii
Osteocephalus oophagus

Osteocephalus taurinus

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Veg
Veg
Veg
Veg
Veg
Foss
Terr
Terr
Terr
Terr
Terr
Terr
Veg
Veg

Veg

Rainy
Explos
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy
Rainy

Explos

Temp
Temp
Temp
Temp
Temp-perm
Temp
Temp
Temp
Temp
Temp
NoPond
Temp-perm
Temp
Temp

Temp

Arbor

Gram-herb

Gram-herb

Gram-herb

Gram-herb

Lf

Wat

Wat

Lf

Wat

Lf

Gram-herb

Arbor

Arbor

Arbor

Leaf

DirWat

DirWat

Leaf

DirWat

DirWat

TerrCham

FoamWat

TerrCham

TerrCham

TerrCham

FoamWat

DirWat

TreeHole

Dirwat

Waor
Waor
Waor
Waor
Waor
Waor
Waor
Waor
War
War
Lfg
War
War
Witr

Waor

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

PcTr

NoPC

NoPC

NoPC

PcPr

NoPC

PcPrFe

NoPC
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Phyllomedusa bicolor
Physalaemus ephippifer
Pithecopus hypochondrialis
Pristimantis fenestratus
Rhinella gr. margaritifera
Rhinella marina

Rhinella miranda-ribeiroi
Scinax boesemani

Scinax gr. ruber

Scinax nebulosus
Sphaenorhynchus lacteus
Trachycephalus resinifictrix
Trachycephalus typhonius

Vitreorana sp.

Noc

Diu-noc

Noc

Noc

Diu-noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Noc

Veg
Terr
Veg
Veg
Terr
Terr
Terr
Veg
Veg
Veg
Veg
Veg
Veg

Veg

Prolong
Rainy
Rainy
Rainy
Explos
Rainy
Rainy
Rainy

Prolong
Rainy
Rainy
Rainy
Rainy

Rainy

Temp-perm
Temp
Temp

NoPond
Temp
Temp
Temp
Temp
Temp

Temp-perm

Temp-perm
Temp

Temp-perm

Perm

Arbor

Gram-herb

Arbor

Arbor

Arbor

Wat

Wat

Gram-herb

Gram-herb

Gram-herb

Gram-herb

Arbor

Arbor

Arbor

Leaf

FoamWat

Leaf

Terr-Litt

DirWat

DirWat

DirWat

DirWat

DirWat

DirWat

DirWat

TreeHole

DirWat

Leaf

Waor
Waor
Waor
Lfg
Waor
Waor
Waor
Waor
War
War
War
Wir
War

Waor

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

NoPC

PcPr

129



