UNIVERSIDADE FEDERAL DE ALFENAS

BRUNO SALOMAO PAVAN

INFLUENCIA DA COMPOSICAO DA PAISAGEM E DE METODOS DE CULTIVO
DO CAFE NA COMUNIDADE DE ABELHAS

Alfenas/MG
2021



BRUNO SALOMAO PAVAN

INFLUENCIA DA COMPOSICAO DA PAISAGEM E DE METODOS DE CULTIVO
DO CAFE NA COMUNIDADE DE ABELHAS

Dissertacéo apresentada como parte dos requisitos
para obtencdo do Titulo de Mestre em Ciéncias
Ambientais pela Universidade Federal de

Alfenas/UNIFAL-MG.
Orientadora: Prof2. Dra. Marina Wolowski Torres

Alfenas/MG
2021



Dados Internacionais de Catalogagdo-na-Publicagio (CIP)
Sistema de Bibliotecas da Universidade Federal de Alfenas

Pavan, Bruno Salomio.

P337i Influéncia da composi¢io da paisagem e de métodos de cultivo do café
na comunidade de abelhas. / Bruno Salomio Pavan. — Alfenas/MG, 2021.
52f: il -

Orientadora: Marina Wolowski Torres.

Dissertaciio (Mestrado em Ciéncias Ambientais) - Universidade Federal
de Alfenas, 2021.

Bibliografia.

1. Polinizadores. 2. Servigos ambientais. 3. Paisagem. 4. Conservagdo.
5. Biodiversidade. 1. Torres, Marina Wolowski. I1. Titulo.
CDD-577

Ficha Catalogrifica elaborada por Fatima dos Reis Goiata
Bibliotecaria-Documentalista CRB/6-425




BRUNO SALOMAO PAVAN

INFLUENCIA DA CDMI‘GSI-I;ED DA PAISAGEM E DE METODOS DE CULTIVO DO CAFE NA

Aprovada em:

COMUNIDADE DE ABELHAS

A Banca examinadora abaixo-assinada aprova a Dissertacio
apreseniada como parte dos requisitos para a obtencio do
tiulo de Mestre em Ciéncias Ambientais pela Universidade
Federal de Alfenas. Area de concentracio: Ciéncias
Ambientais.

20 de janeiro de 2021

Profa. Dra. Marnma Wolowsk: Torres
Institwigio: Universidade Federal de Alfenas

Profa. Dra. Enca Hasm
Institwigio: Universidade Federal de Alfenas

Profa. Dra. Patricia Alves Ferreira

Institwicio: Universidade de Sio Paulo

v

Xho

v

Xho

v

seil o

A ssanatue

eletrinica

Documento assinado eletronicamente por Marina Wolowski Torres, Professor do
Magistério Superior, em 20002021, 45 16:49, conforme horino oficial de Brasilia, com
fundamento ao art. 6%, § 17, do Decreto n” 8.539, de 8§ de outubro de 2015,

Documento assinado eletronicamente por Patricia Alves Ferreira, Uswirio Externoe. em

20/012021, as 16:49, conforme horino oficial de Brasilia, com fundamento no art. 6%, § 1°,
do Decrets n® 8539, de 8 de oumbro de 201 5.

Documento assinado eletronicamente por Erica Hasui, Professor do Magistério Superior,

em 21012021, as 07:40, conforme hordrio oficial de Brasilia, com fundamento no art. 6%, §
17, do Decreto n® 8.539, de 8 de outubro de 2015,




Dedico a Deus.

A minha familia que sempre me apoiou e
ensinou. A minha noiva Lais que me
acompanha na jornada. Aos amigos que de
longe, ou perto, ajudam e acreditam em meu
potencial. A todos os professores e
instrutores que de alguma forma tiveram
participagdo na minha formagdo como

estudante e pessoa.



AGRADECIMENTOS

A Deus por iluminar o caminho.

A Universidade Federal de Alfenas pela oportunidade oferecida.

A Profa, Dr2, Marina Wolowski Torres, orientadora, pela confianca depositada no
trabalho, pelos conhecimentos transmitidos, pela motivagéo e coordenacgao da equipe
de estudos em polinizacdo, e pelo incentivo pessoal a sempre buscar por
aprimoramento.

A equipe de estudos em polinizacéo que foi e é composta por diversas pessoas
gue de alguma forma puderam contribuir para este trabalho, mas principalmente aos
seguintes: Allan Figueiredo Vilela, Gabriel Tonelotti, Karine Aparecida de Lima, Larissa
Leite, Dr. Liedson Tavares de Souza Carneiro e Rafaela Oliveira de Jesus.

Ao programa de Pds-Graduacdo em Ciéncias Ambientais pela organizacdo e
atendimento as necessidades dos discentes.

A Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Cadigo de Financiamento 001, pelo fomento a Pés-Graduacgéo e concessao
da bolsa de estudos.

Aos proprietarios das fazendas visitadas, sua colaboracéo foi essencial para a
realizagcéo do trabalho.

Aos meus pais Geraldo e Leticia, e meu irmao André, por sempre me apoiarem
e por me darem forca e boas energias nos momentos dificeis.

A minha noiva Lais que me acompanha na vida inspirando felicidade e amor.

A todos os meus amigos, de Sao Paulo, de Itajubd, de Alfenas, e todos que

conheci pelos caminhos trilhados, que trazem mais descontragéo e alegria.



RESUMO

A mudanca de uso e cobertura do solo e a resultante supressao dos ecossistemas
nativos tem sido uma das principais causas da perda de biodiversidade. A reducéo de
habitat natural leva a um desequilibrio ambiental causando a perda de funcgbes
ecossistémicas fundamentais para a sobrevivéncia da flora e fauna nativos e
comprometendo 0S servicos ecossistémicos essenciais para a manutencao da vida
humana no planeta. A supressdo de habitats naturais impacta negativamente a
diversidade de polinizadores e consequentemente ameacga 0 Servigo ecossistémico
de polinizacdo. Servigo este que impacta diretamente a producao de Coffea arabica,
ja que importantes avancos no conhecimento sobre esta espécie mostram um
importante incremento em quantidade e qualidade de producdo quando na presenca
de polinizadores. Partindo do principio que a maior diversidade de abelhas garante
maior resiliéncia e eficacia na polinizacdo dos cafezais, neste trabalho, avaliamos o
efeito da composicao da paisagem, do tipo de manejo (convencional e organico) e da
oferta de recursos florais nos cafezais sobre a diversidade de abelhas em areas de
cultivo de café no sul de Minas Gerais e nordeste Paulista, Brasil. Praticas agriculturais
locais tiveram maior impacto na diversidade de abelhas do que as variaveis de
paisagem. A diversidade de abelhas nativas e a abundancia de abelhas se
relacionaram positivamente com a riqueza de plantas floridas e ao método organico
de producdo. A riqueza de plantas floridas teve maior efeito nas propriedades
organicas pois estas tiveram uma maior abundancia e diversidade de abelhas em
funcdo do aumento da riqgueza de plantas floridas quando comparadas as
propriedades convencionais. A diversidade de abelhas também se relacionou
positivamente a cobertura de floresta nativa. Desta forma, para aplicacdo desses
resultados, ressaltamos que o melhor cenario para a manutencdo do servico de
polinizagdo em cafezais deve combinar o cultivo organico com alta diversidade de
plantas e a maior conservacao possivel de areas de floresta na paisagem.

Palavras-chave: Polinizadores. Servico ecossistémico. Estrutura da paisagem.

Conservacao. Biodiversidade.



ABSTRACT

Suppression of natural habitats has been one of the main causes of biodiversity loss.
The reduction of natural habitats causes an environmental unbalance and in
consequence a deregulation of essential ecosystem services. These services are key
to flora and fauna survival, also key to maintain the survival of humans on Earth.
Pollinator’s diversity is directly impacted by the loss of its natural habitats; therefore,
the pollination service is seriously harmed. This service directly affects Coffea arabica
production, since the knowledge advance on this crop pollination revealed a high
importance of pollinators, increasing both quality and quantity of production. Assuming
the principle that higher bee diversity can guarantee higher resilience and efficacy of
coffee pollination, in this work, we aimed to evaluate de impact of landscape
composition, management type (conventional and organic) and the supply of floral
resources in coffee fields, on bee diversity in coffee growing areas in the South of
Minas Gerais and Northeast of Sdo Paulo, Brazil. Local agricultural practices rather
than landscape variables had more impact on bee diversity. Native bee diversity and
bee abundance were all positively related to the flowering plant richness and the
organic cultivation method. Flowering Plant richness had a stronger effect on organic
sites, which showed higher bee abundance and diversity with increasing flowering
plant richness, in comparison to conventional sites. Bee diversity was also positively
related to native forest cover. Thus, to apply these results, we highlight that the best
scenario for properly maintaining the pollination service in coffee fields is combining
organic cultivation with active planting of complementary floral resources within and
near coffee fields and conserve the higher area of natural habitats as possible at the
landscape scale.

Keywords: Biodiversity. Conservation. Ecosystem services. Pollinators.

Landscape composition.
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1 INTRODUCAO

A mudanca de cobertura e uso do solo e a resultante supressao dos
ecossistemas nativos sdo as principais causas da perda de biodiversidade
(TITTENSOR et al., 2014). Como exemplo, a Mata Atlantica brasileira, considerada
um hotspot de biodiversidade, tem apenas 28% da cobertura original de vegetacao
nativa (REZENDE et al., 2018). A reducdo e perda de habitat natural causa a
desregulacdo de funcdes ecossistémicas essenciais para o0 desenvolvimento e
sobrevivéncia da flora e fauna nativos, bem como compromete a manutencédo da vida
humana no planeta. A supressao de habitats naturais também tem impacto negativo
na diversidade de polinizadores e consequentemente ameaca a producdo de
alimentos uma vez que varias culturas agricolas sdo dependentes do servico
ecossistémico de polinizacdo ( HADLEY et al., 2018; KLEIN et al., 2007; ROUBIK,
2018).

Os servicos ecossistémicos sdo fendbmenos e processos ecologicos que
ocorrem naturalmente, ou com participacdo antropica, que geram beneficios ao bem-
estar humano (FISHER et al., 2009). A medida em que 0s ecossistemas naturais estao
sendo substituidos por coberturas e usos que n&ao proporcionam 0S MesSMos
processos ecologicos responsaveis por gerar estes servicos, a sustentabilidade da
vida humana no planeta é ameacada, impactando, entre outros, o clima, o ciclo
hidrologico, a ciclagem de nutrientes e a fixacdo de carbono (ALKAMA; CESCATTI,
2016; STAAL et al., 2018; BONINI et al., 2018). A reducéo de ecossistemas nativos e
o consequente desequilibrio ambiental impacta fortemente animais importantes,
porém muitas vezes negligenciados, os insetos. Os insetos representam uma parcela
significativa da biodiversidade e sdao importantes para 0os mais variados servigcos
ecossistémicos como decomposicao e ciclagem de nutrientes, polinizacdo e controle
biol6gico (SAMWAYS, 1993; SCHWARTZ et al., 2000; GARRATT et al.,, 2018;
WYCKHUYS et al.,, 2018). A polinizacdo destaca-se pela importancia para o
ecossistema como um todo e por impactar diretamente a producdo de alimentos
(OLLERTON et al., 2011; GARIBALDI et al.,, 2014). A relacdo entre planta e
polinizador € uma das mais importantes interacdes entre planta e animal em termos
ecoldgicos pois 94% das plantas em ecossistemas tropicais dependem em algum grau
de polinizadores para a adequada producao de sementes e frutos (OLLERTON et al.,

2011). Desta forma, uma grande quantidade de espécies de plantas depende desta
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interacdo para se perpetuar. Consequentemente, os animais que dependem de seus
frutos e sementes para se alimentar também s@o dependentes dos polinizadores,
sendo, portanto, um processo ecologico muito importante na manutencdo da
biodiversidade. Em sistemas agricolas, as abelhas sdo os principais agentes
polinizadores. As abelhas polinizam mais de 90% dos principais cultivos ja estudados
ao redor do mundo e melhoram a quantidade e/ou a qualidade da producao de 70%
das 1330 espécies cultivadas nas regides tropicais (KLEIN et al., 2007; ROUBIK,
2018). Desta forma, dada sua importancia para a producdo agricola, é essencial
adotar praticas que promovam a conservacdo da biodiversidade dos animais
polinizadores, com destaque para as abelhas.

Existe um esfor¢co de varios paises em conservar a biodiversidade, de forma
gue os polinizadores sdo um foco importante destas acées. As metas de AICHI como
parte do plano estratégico de biodiversidade para 2011 - 2020, sdo uma importante
iniciativa que visa reduzir os fatores causadores de redugdo da biodiversidade
estipulando uma série de objetivos (DE MARQUES; PERES, 2015). Neste trabalho,
visamos contribuir para os objetivos 5 e 7. O objetivo de nimero 5 esta relacionado a
perda, degradacdo e fragmentacdo de habitats naturais e o 7 esté relacionado ao
manejo sustentavel e a contribuicdo de éareas agricolas para manutencdo da
biodiversidade. A falta de conhecimento cientifico sobre a relacdo entre servicos
ecossistémicos com a presenca de areas de vegetacao nativa proximas as areas de
plantio € um dos motivos da desvalorizacdo destes remanescentes por parte da
populacdo humana local e dos produtores agricolas. Neste sentido, este trabalho visa
entender como a manutencdo de areas de habitat natural proximas as areas de
plantio, em paralelo com a aplicacdo de praticas agricolas que estimulem a
manutencdo da biodiversidade dentro das areas de producdo, impactam a
manutencao da biodiversidade de abelhas que visitam areas de plantio de café.

O presente trabalho foi conduzido no sudeste brasileiro, mais precisamente na
regido do sul de Minas Gerais e no nordeste Paulista. O sul e o centro-oeste de Minas
Gerais produziram 29% do café brasileiro segundo a estimativa de setembro de 2020
(COMPANHIA NACIONAL DE ABASTECIMENTO, 2020). Devido a grande extensao
de cultivo de café na regido e a representatividade brasileira na producdo mundial de
café, de 35,2% segundo a International Coffee Organization (2020), esta cultura foi
escolhida para se avaliar como os métodos de cultivo e a composicdo da paisagem

influenciam a comunidade de abelhas. Desta forma, ao se aprimorar aspectos
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ambientais e produtivos das préaticas de manejo de uma cultura tdo expressiva, 0s
beneficios para 0 meio ambiente e para a sociedade como um todo seriam muito
grandes.

Coffea arabica é uma espécie autocompativel (MENDES, 1949). Isto significa
que a espécie pode produzir frutos a partir de autopolinizacdo. Contudo, desde a
década de 1970, Raw e Free (1977) afirmavam que a presenca de polinizadores
aumenta a producado de grdos maduros, mostrando, portanto, a influéncia positiva da
polinizacdo na producdo de café. Esta maior producdo pode ocorrer devido a
deposicao de uma maior quantidade e qualidade de pdlen no estigma, resultando em
uma menor taxa de perda de frutos. De fato, a literatura demonstra que a presenca de
polinizadores aumenta a produtividade de café entre 10 a 30% (BRAVO-MONROY et
al., 2015; DE MARCO; COELHO, 2004; SATURNI et al., 2016). Assim, apesar do café
ardbica ser auto compativel, a espécie apresenta dependéncia moderada de
polinizadores e sua producgéo é beneficiada pelo servigo de polinizagdo (WOLOWSKI
et al., 2019).

Alguns estudos sobre o cultivo de café e a relacdo entre os servicos
ecossistémicos e a paisagem tém sido conduzidos no Brasil com o intuito de mostrar
0 impacto que estes fatores podem ter sobre a producdo e sustentabilidade da
cafeicultura (HIPOLITO et al., 2018; SATURNI et al., 2016). O presente estudo
assume as premissas de que os cafezais produzem mais em locais com maior oferta
do servico de polinizacdo e que isto depende da diversidade dos polinizadores no
entorno. Assim, visamos entender como a combinacao das praticas agricolas (tipo de
manejo e oferta de recursos florais nos cafezais) e a composi¢cao da paisagem pode
interferir na diversidade local de abelhas nos cultivos de café. Em termos
metodoldgicos, este estudo se difere dos anteriores pois apresenta uma combinagéo
de métodos de coleta passiva e ativa que foram aplicados durante um ano inteiro em
coletas mensais e ndao apenas no periodo de floracdo do café. Desta forma,
esperamos agregar a perspectiva espacial e temporal nas analises, e, portanto, uma
melhor compreensdo da comunidade de abelhas, testando as seguintes hipéteses: 1
— maior diversidade de abelhas em cultivos organicos que ndo fazem uso de
agrotoxicos e que mantem recursos florais ao longo do ano nas entrelinhas de cafe; 2
- maior diversidade de abelhas em resposta a paisagens mais heterogéneas e com

maior cobertura florestal.
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2.1 Influéncia da paisagem na biodiversidade

Por meio de estudos de paisagem, podemos compreender como mudancas em
certas caracteristicas de uma area como cobertura de habitat natural e fragmentacéo
influenciam comunidades da fauna silvestre (DRAHEIM et al., 2018). Como exemplo,
podemos citar a relacdo da qualidade da matriz (termo este que se refere a toda area
da paisagem que néo seja habitat natural) com a frequéncia que uma comunidade de
fauna silvestre cruza as bordas de um fragmento, sendo que quanto melhor a
capacidade da matriz em oferecer recursos e condicfes ambientais benéficas para
certa comunidade maior a chance destes animais a visitarem (MARTIN; FAHRIG,
2015). Desta forma, é possivel maximizar os efeitos positivos de composicoes
paisagisticas que sdo benéficas para a biodiversidade local por meio de um melhor
planejamento de uso do solo (AROWOLO et al., 2018).

Dentre as diversas atividades antrépicas, as atividades agricolas sdo as mais
expressivas em termos de extensdo terrestre e as que mais pressionam habitats
nativos em regides tropicais (GIBBS et al., 2010). Assim, fica evidente que localmente
areas de remanescentes de vegetacao nativa vao estar proximas as areas de cultivo,
sendo de grande importancia para a humanidade compreender a relacdo entre estes
dois tipos de sistemas para se estabelecer uma forma de producdo agricola
sustentavel. Este tipo de producédo deve definir maneiras de promover a conservacao
da biodiversidade que séo especificas para cada situacao e regido. Na escala local,
deve-se atentar a disponibilidade e a conectividade dos habitats naturais, estimulando
0s proprietarios de terras a conservarem locais de maior importancia para manutencao
da diversidade e a manterem uma heterogeneidade de ambientes na paisagem
(EKROOS et al., 2016). Além disso, pode existir uma complementariedade de efeitos
da composicdo da paisagem e dos diferentes tipos de manejo das culturas que
impactam a conservacdo da biodiversidade em areas agricolas. Tscharntke e
colaboradores (2005) constataram que em locais com grande diversidade paisagistica
e com presenca de habitat natural, a alocagcéo de recursos locais e o tipo de manejo
de cafezais tem menor influéncia na diversidade de polinizadores; jA em areas com a
predominancia de uma paisagem simplificada e com alta fragmentacao de habitats

naturais, 0 manejo local se torna de grande importancia. Desta forma, ao se propor
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acOes locais, estas devem estar inseridas no contexto especifico da composi¢cédo da
paisagem do local em questéo.

Estudos que avaliam a relacéo entre a paisagem e as areas de cultivo tém
ganhado forca no mundo inteiro. No caso do café, as areas cultivadas influenciam seu
entorno e, da mesma forma, a maneira que as areas adjacentes sdo manejadas
podem influenciar de diferentes formas os cafezais (CAUDILL et al., 2017; HIPOLITO
et al., 2018). Caudill e colaboradores (2017) demonstraram a importancia dos
remanescentes florestais que sdo mantidos proximos aos cafezais e também os
efeitos benéficos de se ofertar recursos entre as areas de producédo, consorciando o
café com arvores que disponibilizam recursos florais e condicdes ambientais para a
manutencdo do servico ecossistémico de polinizacdo. De maneira geral, as
comunidades de abelhas respondem negativamente a intensificacdo da agricultura e
positivamente a heterogeneidade da paisagem (COUTINHO et al.,, 2018). Desta
forma, € importante trabalhar com a heterogeneidade da paisagem de forma que se
mantenha a maior biodiversidade floral e oferta dos mais variados recursos possiveis
para que diferentes grupos e espécies de polinizadores sejam beneficiados.

Ja foi demonstrada a influéncia da estrutura espacial da paisagem no servico
de polinizacdo em cultivos de café (SATURNI et al., 2016). Além disso, a escala em
gue se observa a interacdo das comunidades de abelhas com as caracteristicas da
paisagem pode mudar localmente, de acordo com, a presenca de habitat natural, a
dominancia de espécies de abelhas que tem um raio especifico de busca por recurso,
bem como com a disponibilidade de recursos de qualidade proximos as col6nias
(JAFFE et al., 2010; BENJAMIN et al., 2014; DANNER et al., 2014). Desta forma, a
influéncia da estrutura de paisagem na diversidade de abelhas pode variar em escala
dependendo da comunidade que esta estabelecida no local e as caracteristicas da

distribuicdo temporal e espacial da oferta de recursos para as abelhas.

2.2 Influéncia dos métodos de cultivo na biodiversidade

A agricultura moderna tem o foco na alta produtividade tanto da produgcéo em
si quanto do rendimento de trabalho, sendo esta uma solucdo encontrada para
garantir a producao de alimentos em grande volume (HAZELL; WOOD, 2008). Para
garantir alta produtividade, as praticas agricolas intensivas incluem uso excessivo de

insumos comerciais, como adubos sintéticos e agrotoxicos, e utilizam maquinario com
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tecnologia de ponta (HAZELL; WOOD, 2008). Contudo, a intensificacao agricola gera
um custo ambiental pouco mensuravel; da forma como séo aplicadas, as tecnologias
em maquinario requerem uma forte simplificacdo da paisagem pois sdo desenvolvidas
majoritariamente para a monocultura. A simplificacdo de um ecossistema agricola
associada ao manejo intensivo e a aplicagédo de grandes quantidades de insumos
agricolas prejudica a biodiversidade e os servicos ecossistémicos (CHABERT;
SARTHOU, 2020). Além de promover paisagens simplificadas, a agricultura moderna
ameaca a qualidade e disponibilidade de agua, implica em baixo aproveitamento de
nutrientes aplicados e aumenta a emisséao de gases do efeito estufa (TILMAN et al.,
2002; KUBOTA et al., 2018; MARTIN; WILLAUME, 2016). Isto ocasiona também em
perda de biodiversidade, levando a disturbios nos processos naturais como controle
de pragas por inimigos naturais e na polinizacdo (DAINESE et al., 2019). Além disso,
0 excesso de revolvimento de solo no processo de gradagem e aragem juntamente
com a aplicacdo de agrotoxicos também diminuem a quantidade de recursos
alimentares e locais de nidificacdo para os polinizadores (ALVES-DOS-SANTOS et
al., 2014). Assim, a intensificacdo agricola gera impactos negativos diretos na
biodiversidade e nos servigos ecossistémicos.

A polinizacdo é amplamente afetada pela atividade agricola convencional. De
um lado, esta a ameaca pela perda de habitats naturais e a reducédo da oferta de
recursos (CAUDILL et al., 2017; DAINESE et al., 2019) e, de outro lado, esta o uso de
agrotoxicos que sdo potencialmente toxicos para polinizadores (FREITAS; PINHEIRO,
2010). Os agrotéxicos podem interferir no servico de polinizagdo atuando como
repelente dos polinizadores ou entdo diretamente por efeitos letais ou subletais que
causam diversos tipos de distlrbios na atividade dos animais, como desorientacao
das abelhas operarias, ruptura da divisdo de trabalho nas colénias e excluséo social
de abelhas contaminadas (FREITAS; PINHEIRO, 2010). Porém, em paralelo a tantos
impactos, temos a necessidade crescente em prover as necessidades alimenticias e
dos diversos bens que a agricultura garante aos seres humanos, portanto devemos
buscar um meio de produgcdo que garanta, além da produgcdo destes bens, a
sustentabilidade da atividade (WEZEL et al., 2015). Este é o modelo de producédo
agroecologico que se baseia nos pilares econdémico, ecolégico e social, visando o
aumento de eficiéncia do uso de insumos, alta produtividade, juntamente com o

estimulo a conservacao da biodiversidade, dos processos ecoldgicos e dos servigos
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ecossistémicos propriamente ditos, de forma que estes cultivos sejam amigaveis ao
ecossistema natural (WEZEL et al., 2015).

A agricultura organica foi a primeira que surgiu como reacao ao processo de
industrializacdo da producdo agropecuaria e aos problemas ambientais e sociais
associados a este processo (ROOS et al.,, 2018). Em linhas gerais, a agricultura
organica segue os principios de melhoria da saude do solo, do ecossistema e das
pessoas (DINIS et al., 2015). Desde o final do século XX, a agricultura organica foi
taxada de ineficiente por ter menor produtividade e, por isso, causaria um maior risco
a degradacdo dos ambientes naturais (REGANOLD; WACHTER, 2016). Porém,
mesmo ainda criticada nos dias atuais, o numero de agricultores e a extensao de areas
plantadas com este manejo tem um continuo crescimento. No ambito global, as areas
de agricultura organica passaram de 11 milh6es de hectares, em 1999, para 71,5
milhdes em 2018 e de 200.000 produtores para 2,8 milhdes de produtores no mesmo
periodo (WILLER et al.,, 2020). No Brasil, 5,4 mil unidades produtoras organicas
estavam registradas em 2010 e este numero cresceu 30% atingindo 22 mil unidades
em 2018 (BRASIL, 2019). Portanto, apesar da resisténcia de produtores
convencionais, a agricultura organica tem se mostrado viavel e com potencial para
atender a um mercado cada vez mais exigente quanto a origem e a qualidade dos
alimentos consumidos.

De fato, a agricultura organica tem demonstrado capacidade de suportar
requerimentos de produtividade ao mesmo tempo que beneficia o solo e o meio
ambiente, propiciando um melhor balanco entre os mdltiplos objetivos da
sustentabilidade (REGANOLD; WACHTER, 2016). Em geral, a produtividade em
cultivos organicos fica em torno de 80% da produtividade de um cultivo convencional,
porém estes valores variam muito de acordo com o manejo e as condi¢bes que
existem no nivel da propriedade (ROOS et al., 2018). Enquanto a questdo de
produtividade é discutivel e ainda ndo se tem um consenso, mas, sobretudo, a
capacidade dos cultivos organicos em sustentar a biodiversidade e prover a
manutencdo de servicos ecossistémicos, inclusive a polinizacdo, é amplamente
reconhecida (GARBACH et al., 2016; ROOS et al., 2018). De todo modo, o mercado
consumidor de produtos organicos cresceu em resposta a intensa industrializacéo da
agricultura, justamente pela capacidade da agricultura organica em reduzir impactos
ambientais e sociais, e por mais que a produtividade possa ser menor, o valor

agregado de seus produtos é maior (ROOS et al., 2018).
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Um outro tipo de agricultura que segue o modelo agroecoldgico e que
recentemente tem recebido muita atencao é a agricultura conservacionista (FAROOQ;
SIDDIQUE, 2015). Este modelo se posiciona como um meio termo entre a agricultura
organica e a agricultura industrial ou convencional, que tem foco exclusivo na
produtividade. A agricultura conservacionista se baseia nos principios de reducéo ou
eliminagéo da aracéo para diminuir o distarbio nos solos; do aumento e diversificacao
da rotacéo de culturas, muitas vezes incluindo plantas leguminosas; e a manutencéo
de uma cobertura constante do solo, seja por restos culturais ou por cultivos de
cobertura viva (FAROOQ); SIDDIQUE, 2015). A agricultura conservacionista tem se
destacado por combinar boa produtividade com um aumento no controle natural de
pragas, conservacado de biodiversidade e habitats naturais, sequestro de carbono,
controle de eroséo e purificacdo da agua (CHABERT; SARTHOU, 2020).

2.3 Respostas da comunidade de abelhas a paisagem e aos métodos de cultivo

Como ja foi dito anteriormente, a polinizacdo tem grande importancia tanto em
termos ecoldgicos, mantendo a diversidade genética e reproducdo da maioria das
plantas, quanto em termos agricolas, como servico ecossistémico, beneficiando a
producdo de alimentos. No Brasil, 76% dos principais cultivos agricolas séo
dependentes de polinizadores, sendo que para 36% destes, 0 incremento em
producdo com polinizacdo é de 90 a 100%, como € o caso da macad (WOLOWSKI et
al.,, 2019). Estima-se que o incremento de producdo e consequentemente o
incremento monetario devido ao servi¢o de polinizacéo seja de 43 bilhdes de reais por
ano, sendo as abelhas o principal grupo de polinizadores (WOLOWSKI et al., 2019).
Assim, dada a clara importancia das abelhas tanto para a economia quanto para a
manutencdo dos ecossistemas naturais, & necessario compreender como as
comunidades destes insetos se comportam quando ha alteracdes na paisagem e
guando estado sob a influéncia de diferentes tipos de métodos de cultivo.

A oferta do servi¢o de polinizagdo depende da manutencgéo da diversidade de
polinizadores nos ambientes naturais e agroecossistemas. Desta forma, riqueza e
abundéancia das comunidades de polinizadores tem um importante papel no
fornecimento de funcdes ecossistémicas (DAINESE et al., 2019). Dada a importancia
da biodiversidade, fatores que a impactam podem, por um efeito secundario, diminuir

a capacidade de um ecossitema em prover funcdes ecossistémicas. Dentre os
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diversos fatores que podemos citar, talvez o de maior impacto negativo seja a
simplificagéo da paisagem causada pela remogao de habitats nativos e os substituindo
por monocultivos, e esta simplificacdo, segundo Dainise e colaboradores (2019), esta
relacionada diretamente com a reducéo da riqueza de polinizadores. Por outro lado, a
agricultura também pode ter impactos positivos na diversidade de polinizadores.
Vergara e Badano (2009) constataram que areas com maior complexidade na
composicao floristica, ou seja, policultivos com maior nUmero de espécies vegetais,
registraram maior riqueza de polinizadores. Ja Hipolito e colaboradores (2018)
encontraram uma maior diversidade de polinizadores em areas de cafezais com
praticas de manejo de baixo impacto.

Além de uma paisagem heterogénia com a presenca de areas de habitats
naturais, um fator importante para garantir uma maior diversidade de polinizadores, &
a proximidade dos cultivos com as areas de habitat natural. Quanto mais perto um
cultivo esté de areas de habitat natural, maior a diversidade de polinizadores e, desta
forma, grandes extensfes continuas de monocultura podem conter areas com déficit
de polinizacdo por estarem distantes de areas de preservacdo (GONZALES-CHAVES
et al., 2020). Assim deve-se aplicar uma abordagem holistica ao se identificar causas
para as respostas de uma comunidade de abelhas a configuracdo da paisagem,
levando em conta a heterogeneidade da paisagem, a disposicao de areas de habitat

natural e a forma como as areas de plantio séo cultivadas.
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3 Influence of forest cover and agricultural management

on bee community
Bruno Saloméao Pavan & Marina WolowsKi

Abstract

Suppression of natural habitats is one of the main causes of biodiversity loss. The
reduction of natural habitats causes environmental unbalance and, consequently, the
deregulation of essential ecosystem services, such as pollination. Pollinator diversity
is directly impacted by the loss of natural habitats, which is seriously harming the
pollination service and compromising food production worldwide. Crop production
(75% of cultivated plants) is dependent on biotic pollination, including Coffea arabica.
Considering that higher pollinator diversity can guarantee higher consistency and
efficacy of coffee pollination, we evaluated the effect of landscape composition and
agricultural practices (management type and supply of floral resources) on bee
diversity. Local agricultural practices rather than landscape variables had more impact
on bee diversity. Native bee diversity and bee abundance were all positively related to
flowering plant richness and to organic cultivation method. Flowering plant richness
caused a stronger effect on organic sites, which showed higher bee abundance and
diversity with increasing plant richness, in comparison to conventional sites. Bee
diversity was also positively related to native forest cover. To apply these results, we
highlight that the best scenario for properly maintaining the pollination service in coffee
fields is combining organic cultivation with active planting of complementary floral
resources within and near coffee fields and conserve the higher area of natural habitats

as possible at the landscape scale.

Keywords: pollinators, native bees, landscape heterogeneity, natural habitats,

biodiversity.
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Introduction

Biodiversity encompasses the variability of an ecosystem, including organisms
of all terrestrial, aquatic and ecological complexes, and can include genetic variability
within each species, the number of species in an environment and the complexity of
interactions of an ecosystem (IMARHIAGBE et al., 2020). Diverse biological
communities are responsible for providing ecosystem services that support the survival
of humans on the planet; thus, if biodiversity is reduced, the risks to human well-being
increase (DIAZ et al., 2019). There are many causes of biodiversity loss, for example,
climate change, which reduces the delivery of many ecosystem services, such as
provisioning, regulating, supporting and cultural services (WEISKOPF et al., 2020).
Although climate change has its impacts (BULLERI et al., 2016), the main determinant
of the capacity of an ecosystem to maintain biodiversity and, therefore, maintain
positive interactions, is the overall level of natural habitat loss and fragmentation in a
landscape (FERRIER et al., 2020).

Natural habitats provide all the conditions to maintain ecosystem functions and
these functions are responsible for maintaining the biodiversity in an ecosystem.
Biodiversity is key to maintaining ecosystem services, which are all the benefits nature
provides to humanity in a direct or indirect way, including pollination (FISHER et al.,
2009). Therefore, direct and indirect effects of natural habitat loss threaten human
activities and the quality of life. In many tropical countries, including Brazil, agricultural
expansion is the main cause of natural habitat loss and fragmentation, and with the
increased need to produce food and other materials, this will continue to happen if the
services natural habitats provide are not considered equally important resources
(GIBBS et al., 2010).

The argument of increasing agricultural production by expanding cultivated
areas is limited and, as discussed, threatens ecosystem services that are responsible
for maintaining and increasing production rates. Pollination by animals is beneficial to
crop production and bees are responsible for pollinating 90% of the main crops
pollinated by animals worldwide (KLEIN et al., 2007). In tropical regions, bees improve
the production quantity and quality of 1,330 crop species (ROUBIK, 2018). Further,
natural habitats are essential to maintain bee diversity (HADLEY et al., 2018) because
they provide nesting sites and resources, such as pollen and nectar, from a variety of
plant species (COCA, 2013).
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Beyond the increased need for land, agricultural practices impact ecosystems
in other ways. Modern agriculture focuses only on productivity, to be as profitable as
possible, while meeting the increased demand of a continuously growing population
(HAZELL; WOOD, 2008). The techniques that contribute to high productivity are based
on the intense use of pesticides, chemical nutrients, and heavy machinery (HAZELL;
WOOD, 2008). Further, agriculture intensification leads to the homogenization of the
landscape, mostly as extensive monocultures. This process causes the general
simplification of the landscape and reduction in land cover categories, changing the
landscape parameter called heterogeneity. Bee diversity is positively related to
heterogeneity, since higher heterogeneity means higher plant and resource diversity,
which is needed for a greater number of species (MOREIRA et al., 2015). Plants are
the main sources of food and nest building materials for bees; therefore, increasing
plant richness increases availability, diversity and continuity of these resources
(COCA, 2013). The intense use of agrochemicals that are needed to sustain low
resilience monocultures is one of the factors that affects bee communities the most,
therefore, strongly interferes with bee diversity and, consequently, pollination
(CHABERT; SARTHOU, 2020). On the other hand, new agricultural methods are
emerging with an integrated sense of ecological production, where the proposal is to
maintain or increase production while conserving the health of the ecosystem for future
generations.

Organic agriculture was the first ecologically responsible method to emerge
(ROOS et al., 2018). It combines tradition, innovation and science to benefit the shared
environment, promoting fair and good quality of life to all involved in the process (DINIS
et al., 2015). Organic agricultural practices do not use chemical fertilizers and
pesticides; some examples of these practices are crop rotation, mechanical weeding,
biological control and combining crops (GARBACH et al., 2016). This cultivation
method of combining sustainable practices provides a safe environment with a high
availability of resources for pollinators (GARBACH et al., 2016; ROOS et al., 2018).
Further, this combination may be the best agricultural method to maintain bee diversity
if natural habitats are also partially conserved in nearby areas.

In this work, we choose coffee plantations as the study system. Coffee is an
economically important crop in Brazil, which is among the largest coffee producing
countries in the world (INTERNATIONAL COFFEE ORGANIZATION, 2020). Most

Brazilian coffee plantations are traditionally managed using conventional agriculture,
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which relies on modern technologies and is not concerned with environmental impacts.
Alternatively, organic agriculture can change a lot according to the physical and cultural
characteristics of the place (DINIS et al., 2015) and is concerned about environmental
and social impacts of crop production. These two cultivation methods comprise the
main agricultural practices in Brazilian agriculture. Even though conventional farms are
more common, organic agriculture is increasing due to people (including the
consumers) being concerned with the impact of agriculture practices and having a
healthy diet.

Previous studies that evaluated the effect of bees on coffee production
highlighted that higher bee richness improves coffee yield (HIPOLITO et al., 2018;
KLEIN et al., 2003; SATURNI et al., 2016; VERGARA; BADANO, 2009). Pollination
when bees are present increases coffee production by 10 to 30% (BRAVO-MONROY
et al., 2015; DE MARCO; COELHO, 2004; GONZALES-CHAVES et al., 2020; KLEIN
et al.,, 2003; SATURNI et al., 2016). Moreover, management practices, landscape
configuration and heterogeneity where also identified as important factors to maintain
bee diversity (CAUDILL et al., 2017; COUTINHO; et al., 2018; HIPOLITO; et al., 2018).
However, these studies sampled bees only during coffee flowering, and an evaluation
of how coffee fields can support bee communities throughout the year is still lacking.
Thus, since previous studies only evaluated the pollination service during coffee
flowering, they may not represent the entire bee community responding to the
landscape composition and management practices in coffee plantations.

Here, we contribute to the knowledge of how landscape configuration combined
with agricultural management practices affect bee diversity. For this, we sampled bees
in coffee fields in southeastern Brazil over 12 months using three complementary
methodologies. We expected that components of bee diversity would increase based
on landscape heterogeneity, amount of native forest cover and agricultural practices
used (i.e., organic versus conventional cultivation and the amount of flowering plant

richness within coffee fields).

Materials and Methods

The study was conducted in six coffee farms in southeastern Brazil (Appendix
A). The region contains an extensive area of coffee production inserted in the Atlantic

Forest domain (figure 1) that ranges from 829 to 1,049 m above sea level. On each
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site, a coffee plot was chosen according to the following criteria: Coffea arabica L. crop
with a minimum area of one hectare; minimum Euclidean distance between each
property of 5 km; native forest cover ranging from 10 to 50% in a radius of 2 km around
the plot; and coffee plantation with three years old or more. The properties were
classified according to two different agricultural management type: conventional, using
chemical nutrients and pesticides; and organic, based on natural nutrient input, without
the use of pesticides. All studied coffee plantations are completely exposed to sunlight,
except site 2 that is partially shaded (less than 10%). The coffee varieties studied were
Catuai amarelo, Mundo novo, Topazio and Obatd; with a coffee density of around
4,000 plants per hectare and coffee plant age varying from 4 to 25 years. The farmers
did not use irrigation systems, and weeds were controlled by mowing 2 to 5 times per

year or by applying herbicides 2 to 4 times per year (except on organic site).

Diversity of floral visitors

Floral visitors were actively sampled within three transects of 100m x 2m per
study site, parallel to the coffee rows and at least 50m apart (Appendix B). Floral
visitors were sampled monthly from January to December 2019 for 20 minutes while
walking at a continuous speed in each transect. Bee visits were recorded on coffee
flowers, during flowering (August—October), and those of other flowering plants
(spontaneous or planted) occurring along the transects. Bees were actively collected
using an insect net while they visited flowers. The bees were sacrificed in a killing jar
with ethyl acetate, stored in a freezer at the end of the fieldwork day and posteriorly
pinned in the laboratory for identification.

Complementarily, bee diversity was sampled passively with pan traps, which
was adapted from Lebuhn and collaborators (2003). Thirty pan traps were positioned
in the central transect, from 8:00 to 16:00 (total of 8 hours), once a month in each site.
The pan traps were arranged in ten groups with three different colored plastic plates:
blue, yellow and white (Figure 3). For this, white plastic plates were painted (top and
edges) with a white, fluorescent-based paint and on top of that they were painted with
standard fluorescent spray paint in one of the three colors. In the field, each plastic
plate was filled with neutral liquid soap (surfactant) and water early in the morning
(LEBUHN et al., 2003). The plates were placed in groups of three (one of each color)
on top of a wooden base that was one meter tall. The bases were ten meters apart. All
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organisms collected in the pan traps were rinsed in clean water, preserved separately
by color in 70% ethanol solution and pinned in the laboratory.

Taxonomic identification was done in the laboratory, using specific literature
(SILVEIRA et al., 2002), to the lowest taxonomic level as possible. Except for eight
species, all other bees were identified to the genus level and classified within 98
morphotypes. In addition, flowering plant richness was estimated in each studied area
using non-permanent plots of one m2 Four plots per transect were placed
approximately 25 m apart on each of the three transects used to sample the diversity
of floral visitors. A photograph of each plot was taken every month. Then, flowering
plant species richness in each plot was counted based on plant morphology, especially
by comparing reproductive structures, leaves and fruits. The overall flowering plant
richness per site per month was based on the counts of flowering plant species of all
four plots from the three transects. In addition, other flowering plants occurring along
the transects and visited by bees were collected, processed using standard techniques

for herbarium specimens and identified.

Landscape characterization

Land use classification was manually defined using base map imagery (images
from DigitalGlobe satellites, 0.5 m resolution, for 2009 to 2011) provided by the
software IMS ArcMap 10.3 (ESRI, 2015) with land use polygons drawn over it (Figure
1). From the center of each plot to a 2 km radius, the landscape was classified into
eight land use categories: annual crop, coffee, construction, native forest, exotic forest,
pasture, water and perennial crop. The radius size was chosen because it fits most
bee flight ranges (SATURNI et al., 2016).

Subsequently, landscape composition and configuration were characterized by
three metrics: heterogeneity and native forest cover, which have high ecological
relevance; and coffee plantation cover, which is important to understand the impact of
coffee plantations on bee diversity. The native forest cover surrounding coffee
plantations is important for determining the species diversity that may use the coffee
matrix, according to the habitat amount hypothesis (FAHRIG, 2013). Besides this,
heterogeneity is recognized as an important factor that contributes to bee diversity
because heterogeneous landscapes can offer a higher variety of requirements to
sustain a greater number of species (MOREIRA et al., 2015). The reason for this is

that a heterogeneous environment can maintain higher redundancy, continuality and
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variability of resources, as well as increased nest site availability and proximity to
agricultural lands (COCA, 2013; MOREIRA et al., 2015). Heterogeneity was calculated
using Shannon’s diversity index (H), based on Ramezani’s methodology (2012), using

the eight land use categories.
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Fig. 1. Landscape characterization of a two-kilometer radius around all six sites. Sites 1, 2, and 3 are
on organic farms and sites 4, 5 and 6 are on conventional farms. Eight land use categories were used

to describe the landscape configuration.
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Data analysis

Since bee diversity data was collected using three complementary methodologies,
we separated these data to better describe the diversity indices. Specifically, bee
diversity was described by three metrics reflecting the complementary methodologies
used to sample the bees and the distinction between the visitation by native bees and
the honeybee (Apis mellifera): bee abundance, native bee diversity and overall bee
diversity. The first metric was based on abundance data of direct counts of bee
visitation frequency during field observations. We separated the observed bees in two
groups - native bees and honeybees, and used the bee type as a cofactor in our
models. The two-diversity metrics were calculated using Shannon’s diversity index (H)
(RAMEZANI, 2012); native bee richness and abundance were sampled from active
field collecting along transects and overall bee diversity was calculated from passive
sampling with pan traps.

To assess the effects of landscape (heterogeneity, native forest and coffee cover),
management type (conventional and organic), presence of coffee flowers (coffee
blooming), intentional honeybee keeping, and floral resources (flowering plant
richness) on bee diversity (bee abundance, native bee diversity and overall bee
diversity), we used generalized linear mixed models. Moreover, given that the
landscape metrics were repeated over the sampling months within a locality, therefore
not showing variation between months, we classified the calculated values of
heterogeneity, native forest and coffee cover into two categories each (i.e., low or high)
and used these variables as factorial in our models. We used the same approach to
model the association of the abovementioned variables on the three different data sets
of bee diversity. We initially did separate models having the bee diversity metric as
dependent variable, and each of the predictors as fixed effect, and locality nested with
sampled month as random effect. Further, in several months there were no records of
bees, which caused a high occurrence of zeroes in our data set, because of this, we
used a zero-inflation approach for modelling the data. After modelling each predictor
separately for each bee diversity metric, we selected only the significant variables and
did a complete model to check for possible interaction and confounding effects among
predictors. From this complete model, we did a model selection and removed those
variables that did not explain the dependent variable. After defining the fixed terms of
each model, we compared the regular model with models considering the interaction

among predictors, and selected the final best model based on Akaike Information
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Criterion (AIC) and tested this final model against the null expectation by means on
Maximum Likelihood (ML). We used a negative binomial error distribution to model the
bee abundance data, and a Gaussian distribution for modelling the native bee diversity
from active search and overall bee diversity based on the pan traps.

We did all analysis in R (R Core Team 2020) with the packages glmmTMB
(BROOKS et al., 2017) for performing the generalized mixed models, and used the
package DHARMa to check the model fit. For depicting the output of the final models,
we used the package the GGeffects (LUDECKE, 2018).

Results

A total of 1,676 bee specimens were collected using both active and passive
sampling. We identified 4 families, 6 subfamilies, 11 tribes, 3 subtribes, 34 genera, 8
species and 98 specific morphotypes (Appendix C). For the total year-count of bee
specimens, organic sites had 235% more bees than conventional sites for active
collection and 133% more bees for pan trap collection (Table 1). The bee families
registered were Apidae, Halictidae, Andrenidae and Megachilidae. Plants visited by
bees, which were collected and herborized, included 15 families and 41 species
(Appendix D). The most frequent plant families were Amaranthaceae, Asteraceae,
Brassicaceae, Convolvulaceae, Poaceae, Portulacaceae and Solanaceae. Pooling the
data set for the entire year, organic sites had five species more than conventional sites.
Organic sites also had a higher medium value of monthly flowering plant richness
(mean * standard deviation for conventional sites 2.19 + 2.68 and for organic sites 3.72
* 2.41). Most common plant species with spontaneous growth were in the genera
Amaranthus, Solanum, Sonchus, Bidens, Ipomoea, Alternanthera, Emilia, Lepidium,
Euphorbia, Talinum and Oxalis. There were two main intentionally planted species,
Raphanus raphanistrum and Fagopyrum exulentum, which were intensely visited by
bees during the blooming period on the sites where they were introduced. Organically
managed sites seem to stand out with greater medium bee diversity and total
abundance (Table 1). Comparing the data, between active and pan trap collection
methods, it is noticeable that pan traps allowed the collection of a higher diversity and

abundance of bees (table 1).
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Table 1 — Characterization of bee collection results for each cultivation method (organic and
conventional) and each collection method (active and pan trap). Total count of species, genera, families

and abundance, using all bee data of the 2019 collections for the six sites.

ORGANIC CONVENTIONAL
Active Pantrap Active Pan trap
SPECIES 45 70 25 70
GENERA 27 31 17 26
FAMILIES 3 3 3 4
TOTAL ABUNDANCE 313 703 133 527

Sites differed in relation to the following landscape metrics: coffee plantation
cover, native forest cover and heterogeneity. Coffee cover had the highest variation,
from 3% to 48%, and conventional sites, in general, had higher percentages of coffee
cover (Table 2). On the other hand, native forest cover was more evenly distributed
among organic and conventional sites and varied from 15% to 46%. Heterogeneity had
the lowest variation compared to coffee and native forest cover, with values from 0.61

to 0.74 among sites.
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Table 2 — Proportion of coffee and native forest cover, heterogeneity and management type in a two-kilometer radius around each site. All sites are on coffee

farms located in southeastern Brazil: site 1 is in S&o Paulo State and the other five sites are in Minas Gerais State. Native forest levels were low (from 0.14 to
0.299) and high (from 0.299 to 0.458). Coffee cover levels were low (from 0.0304 to 0.256) and high (from 0.256 to 0.482). Heterogeneity levels were low (from
0.574 to 0.657) and high (from 0.657 to 0.741).

St_udy City Management Coffee Native Heterogeneity Latitude Longitude Altitude
sites type cover Forest (m)
Site 1 Mococa Organic 0.03 (low) 0.46 (high) 0.61 (low) 21°26'20.5"S  46°49'00.0"W 877
Site 2 Divisa Organic 0.16 (low) 0.18 (low) 0.74 (high) 21°29'49.7"S  46°10'53.9"W 843
Nova
Site 3 Andradas Organic 0.41 (high) 0.15 (low) 0.68 (high) 22°06'22.9"S  46°33'35.0"W 872
Site 4 Boa Conventional  0.22 (low) 0.37 (high) 0.68 (high) 21°01'06.4"S  45°49'28.3"W 876
Esperanca
Site5 Machado Conventional 0.39 (high) 0.26 (low) 0.57 (low) 21°41'16.4"S  46°01'15.0"W 1049
Site 6 Paraguagcu Conventional  0.48 (high) 0.21 (low) 0.65 (low) 21°39'21.6"S 45°48'16.5"W 853
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The only variables associated with bee abundance in simple models were
flowering plant richness, coffee blooming and management type (Appendix E). When
using all variables into a single model, the best model was the one with the interaction
between coffee blooming and flowering plant richness, and management type as a co-
variable. All these variables showed a significant association with bee abundance
(Type Il Wald chi-square tests, coffee blooming X2 = 27.19, P < 0.0001; flowering plant
richness X? = 24.27, P < 0.0001; management type X? = 5.51, P = 0.019; coffee
blooming * flowering plant richness X? = 4.43, P < 0.035). The organic cultivation
generally contributed to a higher number of bees than conventional cultivation. We
have also found a positive relation between flowering plant richness and bee
abundance, however, such relation only appeared to be expressed when the coffee
blooming is absent, whereas when the coffee is flowering the higher number of plant
species was related to higher bee abundance (Figure 2 A). As for our second data set,
only forest cover showed a positive association with overall bee diversity (X? = 4.4237,
P < 0.035. Figure 2 B), however, this result should be interpreted with cautious as this
model was marginally different from the null model (Deviance = -106.01, X?=3.314, P
= 0.068). As for native bee diversity, we found a positive association with flowering
plant richness that was slightly higher in organic than conventional sites, being the best
model the one without interaction between these variables (flowering plant richness X2
=24.27, P <0.0001; management type X? = 3.90, P = 0.048, Figure 2 C).
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Fig. 2: (A) Predicted relation between bee abundance and flowering plant richness during the presence
and absence of coffee blooming for the conventional and organic management types. (B) Bee diversity
variation association with the amount of native forest availability, and (C) Bee diversity of native bees

related to plant species richness in the two different management types.
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Discussion

Bee community responses to landscape influence

Overall, in this study, we showed a stronger relation of bee abundance and
native bee diversity to local land management variables than to landscape variables.
Overall bee diversity was the only response variable affected by native forest cover in
the landscape. According to Gonzales-Chaves and collaborators (2020), the ideal
minimum forest cover at a landscape scale to maintain pollinator flow in coffee
plantations is 20% and for percentages higher than this, the proximity to the forest
would influence pollinator flow more than local forest cover (GONZALES-CHAVES et
al., 2020). On the other hand, Arroyo-Rodriguez and collaborators (2020) stated that
the minimum native forest cover is 40%, which should be distributed as 10% in a
continuous patch and 30% in evenly distributed small patches. In the present study,
the reduced forest cover (< 20%) in two sites may have caused a negative impact on
bee diversity.

Contrary to what was expected, heterogeneity did not appear as a significant
effect. Dainese and collaborators (2019) demonstrated the importance of combining
richness and abundance of pollinator communities so landscape effects on them are
not minimized when analyzing only abundance. These findings can justify the reason
why bee abundance was not influenced by landscape variables. It is also known that
flying distance can change from site to site according to the following: local landscape
configuration and the presence of natural habitats (JAFFE et al., 2010); the dominance
of certain bee species with a specific resource search radius (BENJAMIN et al., 2014);
and resource availability near the bee colonies (DANNER et al., 2014). Consequently,
if a region has enough resources nearby, a balanced bee community and presence of
nesting sites, bees will not reach the maximum flight distances, diminishing the
perception of landscape effects in bee diversity studies at larger scales. According to
Saturni and collaborators (2016), landscape configuration, in general, can have a
strong correlation with bee diversity at scales with a radius of 300 m. Therefore, to
comprehend bee diversity with just one landscape scale it might be better to choose
an intermediate scale, rather than trying to reach all different bee species flight
distances. Moreover, heterogeneity alone does not consider different weights for

different types of land cover; thus, a pasture has the same value per unit area as a
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native habitat fragment. This characteristic can result in overlooking impacts caused
by different landscape configurations.

Bee community responses to agricultural practices

Bee communities demonstrated a close relation to agricultural practices.
Different management practices in agricultural areas, such as mowing frequency and
herbicide usage, influence the number of flowering plant species during the year and
impact pollinators. Native bee diversity and bee abundance were significantly related
to flowering plant richness. This corroborates the concept of the importance of plant
diversity to pollinators in agricultural areas. The diversification of an agricultural
landscape provides a more suitable environment to conserve biodiversity and
guarantee food production needs by increasing the number of plant species, which
transforms the agricultural matrix into more habitable and permeable areas for
biodiversity (KREMEN, 2020).

Organic cultivation also stood out as an important variable with a positive impact
on the local bee community. Native bee diversity and bee abundance were significantly
related to this management type. On average, organic sites had higher plant diversity
than conventional sites and this is one of the reasons this management type
contributes to the welfare of pollinators. In comparison with conventional sites, organic
sites presented a stronger effect of higher flowering plant richness on bee abundance
and native bee diversity. Higher bee diversity on organic sites can be related to not
using pesticides, higher richness of flowering plants within the coffee fields and a more
continuous offer of floral resources due to lower control of spontaneous plants and the
introduction of more flowering plant species (CAUDILL et al., 2017; COUTINHO et al.,
2018; GUZMAN et al., 2019). However, organic cultivation alone did not explain native
bee diversity; it is necessary to combine low environmental impact practices, diverse
and abundant resource offering, and conservation of natural habitats (CAUDILL et al.,
2017; COUTINHO et al., 2018), which in this case are Atlantic forest remnants.

There is a high increase in bee visits during the coffee blooming season, which
can be seen in the results, since bee abundance was related to the coffee blooming
variable. This is an expected result because the event of blooming coffee plants
represents an explosion of floral resources in a short time period and attracts a large
abundance of pollinators. However, this raises the concern of having enough bees to

pollinate all the flowers and promoting the maintenance of these pollinators since the
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bee community cannot depend on a single blooming event to survive throughout the
year. As discussed earlier, it is necessary to combine high functional diversity in a
landscape with high flowering plant richness within the planting areas to guarantee a
proper offer of floral resources that is diverse and continuous during the year, which
will maintain a rich and abundant bee community (COCA, 2013; VERGARA; BADANO,
2009).

Methodology evaluation

When comparing bee-sampling methods, passive sampling with pan traps
showed worthy predictability for collecting higher bee richness than active sampling,
showing that this passive sampling method is more capable of capturing rare species.
The pan trap is an insect generalist sampling method; it attracts all kinds of insects to
the colors and in comparison to the active sampling method that collects only bees
visiting flowers, it may attract different bees than the local floral resources (WESTPHAL
et al., 2008). Thus, our findings reinforce the advantages of combining passive and

active sampling to determine the total bee diversity associated with an agroecosystem.

Conclusion

In this work, local agricultural practices rather than landscape variables had
more impact on bee diversity. Native bee diversity and bee abundance were all
positively related to local spontaneous flowering plant richness and to the organic
cultivation. Higher flowering plant richness caused a stronger effect on organic sites,
which showed higher bee abundance and diversity with increasing flowering plant
richness, in comparison to conventional sites. Farmers should consider an array of
initiatives to maintain a high level of pollinator diversity, since a single action is not
enough to sustain bee community. The most recommended action is to maintain or
increase native forest areas in the landscape in combination with agricultural practices
that maximize the number of flowering plant species and reduce or eradicate pesticides

usage.
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4 CONSIDERACOES FINAIS

A partir dos resultados obtidos neste trabalho pudemos observar que o manejo
local nas areas de cultivo de café teve um maior impacto na diversidade de abelhas
do que os aspectos da paisagem. Tanto a diversidade de abelhas nativas quanto a
abundancia de abelhas foram positivamente relacionadas a riqgueza de plantas floridas
dentro das areas de cultivo e ao manejo organico. Contudo, a diversidade geral de
abelhas foi a Unica variavel que respondeu quanto a quantidade de cobertura florestal
na paisagem. De maneira geral, a recomendacdo para se manter uma maior
diversidade de polinizadores é a de considerar uma combinagcdo de acdes. Neste
trabalho, identificamos como importantes as acdes de manutencéo ou a expansao de
areas de reservas legais e de preservacao permanente e outras areas com cobertura
vegetal nativa na propriedade, de adocdo de praticas de manejo que permitam a
manutencao ou plantio direto de uma grande diversidade de plantas dentro das areas
de cultivo e de reducéo ou erradicacdo do uso de agrotoxicos.

Outros aspectos que podemos concluir com o presente trabalho € em relacéo
as metodologias de coleta de abelhas. Cada metodologia teve vantagens e
desvantagens. O método de coleta passiva com armadilhas pantraps foi o que obteve
maior quantidade de registros quanto ao numero de espécies e de espécimes de
abelhas coletadas, enquanto o método de coleta ativa permitiu avaliar as espécies
que efetivamente visitaram as flores de café e das plantas ruderais, espontaneas e de
adubacao verde que cresciam no meio do cultivo. Portanto, deve-se considerar a
complementariedade dos métodos e sua aplicabilidade dentro de cenarios
especificos.

O manejo orgénico demonstrou maior capacidade em manter maior diversidade
de abelhas e maior oferta de recursos florais ao longo do ano. Praticas como reduzir
0 manejo de plantas espontdneas e ruderais com a rogagem ou aplicacdo de
herbicidas tendem a promover maior rigueza de plantas em floragcéo ao longo do ano
e como consequéncia maior e constante oferta de recursos florais para as abelhas.
Além disso, o plantio de espécies para adubacgéao verde é bastante recomendado. Por
exemplo, em uma das fazendas estudadas foi observado o plantio de trigo mourisco
(Fagopyrum exulentum) e nabo forrageiro (Raphanus raphanistrum) como adubacao
verde proporcionando uma grande oferta de recursos florais. Com a crescente

necessidade de conciliar a produtividade agricola e a conservacgao da biodiversidade,
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praticas sustentdveis na agricultura como cultivos organicos e sistemas agroflorestais
devem ser amplamente aplicados. Para que juntamente com a presenca de areas de
remanescente florestais, estas praticas possam garantir harmonia da producéo

agricola com a manutencéo dos servicos ecossistémicos como a polinizacao.
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5 APENDICES

APENDICE A — Local das areas de estudo

Cultivation method
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Appendix A. Location of the study sites in the states of Minas Gerais and S&o Paulo, Brazil. The sites are shown

with a 2 km radius and the colors represent the cultivation method used in each site.
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APENDICE B — Metodologia de coleta de abelhas

Appendix B. Bee sampling methodology used in each of the six coffee sites. The green box represents a coffee
field with an area of at least one hectare. Pan traps were set in the central transect with ten groups of the three
colors equally distributed over 100 meters. Active bee sampling on flowers (coffee flowers and other flowering
plants) within the coffee fields was conducted in the three transects (grey rectangles). The active sampling
consisted of actively observing and collecting bees along each transect during a 20-minute walk for each active
bee sampling methodology.
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APENDICE C - Abelhas coletadas pelas metodologias ativa e passiva durante o estudo.

Passive Active
Order Family Tribe Genus Species Conv. Org. Conv. Org.
Hymenoptera Hymenoptera sp.1 1
Hymenoptera sp.2 1
Hymenoptera sp.3 1
Hymenoptera sp.4 1
Hymenoptera sp.5 1
Hymenoptera sp.6 1
Hymenoptera sp.7 1
Hymenoptera sp.8 1
Hymenoptera sp.9 1
Hymenoptera sp.10 1
Hymenoptera sp.11 1
Hymenoptera sp.12 1
Hymenoptera Apidae Apidae sp.1 3
Apidae sp.2 4 1
Apidae sp.3 1 1
Apidae sp.4 23
Apidae sp.5 1 1
Apidae sp.6 5 2
Apidae sp.7 1 1
Apidae sp.8 1
Apidae sp.9 1
Apidae sp.10 1
Apidae sp.11 4 3
Hymenoptera Apidae Apis A. mellifera 91 266 24 36
Hymenoptera Apidae Apini Euglossina sp.1 2 1
Euglossina sp.2 1
Hymenoptera Apidae Apini Tetragonisca T. angustula 1 1 6 11
Schwarziana S. quadripunctata 6 3 4 32
Trigona T. spinipes 26 29 33 47
Cephalotrigona C. capitata 2
Scaptotrigona S. depilis 2 1 2 22
Partamona P. cupira 1 1 10
Tetragona T. clavipes 1 5 5
Melipona M. quadrifasciata 1 1
Geotrigona Geo. sp.1 3 2 1 17
Trigonisca Trig. sp.1 1 4 1
Trigonisca Trig. sp.2 1
Plebeia Pl. sp.1 14
Plebeia Pl. sp.2 34 3 5
Plebeia Pl. sp.3 4 9 14
Plebeia Pl. sp.4 14 7 3 7
Plebeia Pl. sp.5 2 3 8 22
Plebeia Pl. sp.6 2 4 2
Plebeia Pl. sp.7 1
Hymenoptera Apidae Apini Bombus B.sp.1 2 3
Bombus B. sp.2 1
Bombus B. sp.3 2
Hymenoptera Apidae Emphorini Emphorini. sp.1 22 32
Hymenoptera Apidae Emphorini Ptilothrix Pt. sp.1 1 7
Ancyloscelis Anc. sp.1 2 3
Melitoma M.sp.1 1
Melitomella Melit.sp.1 6 11 1
Hymenoptera Apidae Eucerini Eucerini sp.1 33 4 1
Eucerini sp.2 5
Hymenoptera Apidae Eucerini Thygater Th. sp.1 18 10 1
Hymenoptera Apidae Eucerini Melissoptila Melis. sp.1 2 2
Hymenoptera Apidae Exomalopsini Exomalopsis E.sp.1 1
Exomalopsis E. sp.2 2 6 1 2
Exomalopsis E.sp.3 8 11 10 17
Hymenoptera Apidae Centridini Epicharis Ep.sp.1 1
Epicharis Ep. sp.2 1
Hymenoptera Apidae Ceratinini Ceratina C.sp.l 4
Ceratina C.sp.2 1 19 1
Ceratina C.sp.3 1 1 1 2
Ceratina C.sp4 1
Ceratina C.sp5 3 1
Hymenoptera Apidae Xylocopini Xylocopa X.sp.1 1
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Xylocopa X.sp.2 2
Xylocopa X.sp.3 1
Hymenoptera Halictidae Halictidae sp.1 1
Halictidae sp.2 1
Halictidae sp.3 5 1
Halictidae sp.4 4 3 1
Hymenoptera Halictidae Augochlorini Augochlora Aug. sp.1 1 2
Augochlora Aug. sp.2 1 3 1
Augochlora Aug. sp.3 4 2
Augochlora Aug. sp.4 1 4
Augochlora Aug. sp.5 1 2 1
Augochlora Aug. sp.6 8 16
Augochlora Aug. sp.7 1
Augochlora Aug. sp.8 1
Augochlora Aug. sp.9 2 2 3
Augochlora Aug. sp.10 5 9 1
Hymenoptera Halictidae Augochlorini Augochloropsis Augoc. sp.1 2 2 2 6
Augochloropsis Augoc. sp.2 1 1
Augochloropsis Augoc. sp.3 3 1 3
Hymenoptera Halictidae Augochlorini Pseudaugochlora Pseud. sp.1 1 1
Pseudaugochlora Pseud. sp.2 1
Hymenoptera Halictidae Augochlorini Pereirapis Per. sp.1 2 11 8
Pereirapis Per. sp.2 4
Pereirapis Per. sp.3 1
Hymenoptera Halictidae Augochlorini Temnosoma T.sp.l 2 3 1
Temnosoma T.sp.2 2
Temnosoma T.sp.3 1 1
Temnosoma T.sp.4 1
Hymenoptera Halictidae Augochlorini Ceratalictus Cer. sp.1 2
Hymenoptera Halictidae Augochlorini Neocorynura Neo. sp.1 1 1
Hymenoptera Halictidae Halictini Dialictus D.sp.1 106 133 11 12
Hymenoptera Andrenidae Oxaea Ox. sp.1 12 11
Oxaea Ox. sp.2 7 11
Hymenoptera Andrenidae Protandrenini Anthrenoides Anth. sp.1 1 1 2
Hymenoptera Andrenidae Calliopsini Acamptopoeum Acamp. sp.1 2 10 1
Acamptopoeum Acamp. sp.2 4 1 1
Hymenoptera Megachilidae Lithurgini Lithurgus Lit. sp.1 1
Total 527 703 133 313

Appendix C — Bees collected through active and passive sampling in the study area in southeastern Brazil.
Specimens were identified to the lowest taxonomic level possible and the number of specimens collected per
sampling method (passive and active) and coffee cultivation method (conventional and organic) is provided.
Active sampling consisted of collecting bees visiting coffee flowers and other flowering plants present in the coffee
field, while passive sampling consisted of sampling all bees that were attracted to and captured in all pan traps.
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APENDICE D - Plantas coletadas em florac&o durante o ano de 2019.

Family Species Organic Conventional
Amaranthaceae Alternanthera tenella Colla X
Amaranthaceae Amaranthus deflexus L. X X
Asteraceae Acanthospermum australe (Loefl.) Kuntze X
Asteraceae Ageratum conyzoides L. X
Asteraceae Bidens pilosa L. X X
Asteraceae Bidens subalternans DC. X
Asteraceae Emilia sonchifolia (L.) DC.ex Wight X X
Asteraceae Hypochaeris chillensis (Kunth) Britton X
Asteraceae Jaegeria hirta (Lag.) Less X
Asteraceae Parthenium hysterophorus L. X
Asteraceae Porophyllum ruderale (Jacg.) Cass. X
Asteraceae Sonchus oleraceus L. X X
Brassicaceae Raphanus raphanistrum L. X X
Brassicaceae Lepidium virginicum L. X
Commelinaceae Commelina benghalensis L. X
Commelinaceae Commelina diffusa Burm. F. X
Convolvulaceae Ipomoea alba L. X
Convolvulaceae Ipomoea aristolochiifoliaL. X X
Convolvulaceae Ipomoea hederifolia L. X
Convolvulaceae Ipomoea nil L.(Roth) X
Convolvulaceae Ipomoea purpurea (L.) Roth X
Convolvulaceae Ipomoea triloba L. X X
Cucurbitaceae Momordica charantia L. X
Euphorbiaceae Euphorbia hirta L. X X
Lamiaceae Leonurus japonicus Houtt. X
Malvaceae Sida rhombifolia L. X X
Oxalidaceae Oxalis debilis Kunth X
Oxalidaceae Oxalis latifolia Kunth X
Phyllanthaceae Phyllanthus tenellus Roxb. X
Poaceae Anchrus ciliaris L. X
Poaceae Dactyloctenium aegyptium (L.) Willd X
Poaceae Digitaria insularis (L.) Fedde X
Poaceae Eleusine indica (L.) Gaertn. X
Poaceae Panicum dichotomiflorum Michx. X
Poaceae Paspalum paniculatum L. X
Poaceae Pennisetum purpureum Schumach X
Poaceae Urochoa decumbens (Stapf) R.D.Webster X
Polygonaceae Fagopyrum exulentum Moench X
Portulacaceae Talinum poniculatum (Jacq.) Gaertn X
Robiaceae Richardia brasiliensis Gomes X
Solanaceae Solanum americanum Mill. X X
Richness 33 18

Appendix D — Flowering plants visited by bees and collected throughout the year (2019) in coffee fields in the
study area in southeastern Brazil. The families and species are separated based on their occurrence in the organic

and conventional cultivation sites.



APENDICE E - Resultados da modelagem de abundancia de abelhas.

Bee abundance

Single variable models

50

Models Chisq Df Pr
bee abundance ~ heterogeneity 0.2039 1 0.6516
bee abundance ~ coffee cover 1.8626 1 0.1723
bee abundance ~ native forest cover 1.3947 1 0.2376
bee abundance ~ plant richness 16.7280 1 4.314E-05
bee abundance ~ coffee blooming 18.5530 1 1.653E-05
bee abundance ~ honeybee keeping 2.3584 1 0.1246
bee abundance ~ cultivation method 6.4393 1 0.0112
bee abundance ~ bee type 0.0473 1 0.8279
Model selection based on significant variables
Models k AlCc A AICc Weight
bee abundance ~ coffee blooming * plant richness + cultivation method 9 829.8915 0.0000 0.6692
bee abundance ~ coffee blooming + plant richness + cultivation method 8 831.9782 2.0867 0.2357
bee abundance ~ coffee blooming + plant richness * cultivation method 9 833.7940 3.9025 0.0951
NULL model 5 873.9550 | 44.0635 0.0000
Best model evaluation
Variables Chisq Df Pr Estimate
coffee blooming 27.1936 1 1.841E-07 | 4.1806
plant richness 24.2776 1 8.340E-07 | 0.4643
organic cultivation method 5.5148 1 0.0189 1.3290
coffee blooming : plant richness 4.4311 1 0.0353 -0.4868

Appendix E — Model results for bee abundance. First, single variable models were done to evaluate the relation

of each explanatory variable to bee abundance, and the significant variables (p value lower than 0.05) were marked

in bold. Then, models with only the significant variables and different structures were compared with the null

model. Models with difference lower than two of the Akaike information criteria (A AICc > 2) were considered

equivalent. In the end, the best model was evaluated and the estimate of each variable calculated.
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APENDICE F — Resultados da modelagem da diversidade geral de abelhas.

Overall bee diversity
Single variable models
Models Chisq Df Pr
Overall bee diversity ~ plant richness 3.222 1 0.0727
Overall bee diversity ~ coffee cover 0.8599 1 0.3538
Overall bee diversity ~ heterogeneity 1.1844 1 0.2765
Overall bee diversity~ native forest cover 4.4237 1 3.544E-02
Overall bee diversity ~ cultivation method 0.3055 1 0.5805
Overall bee diversity ~ honeybee keeping 0.2137 1 0.6439
Overall bee diversity ~ coffee blooming 0.0031 1 0.9554
Model selection based on significant variables
Models k AlCc A AICc Weight
Overall bee diversity~ native forest cover 6 -92.75 0.00 0.61
NULL model 5 -91.81 0.93 0.39
Best model evaluation
Variables Chisq Df Pr Estimate
native forest cover 4.4237 1 3.544E-02 0.1035

Appendix F — Model results for overall bee diversity. First, single variable models were done to evaluate the
relation of each explanatory variable to bee abundance, and the significant variables (p value lower than 0.05)
were marked in bold. Then, models with only the significant variables and different structures were compared with
the null model. Models with difference lower than two of the Akaike information criteria (A AICc > 2) were

considered equivalent. In the end, the best model was evaluated and the estimate of each variable calculated.
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APENDICE G - Resultados da modelagem da diversidade de abelhas nativas.

Native bee diversity

Single variable models

Models Chisq Df Pr
Native bee diversity ~ plant richness 24.105 1 9.120E-07
Native bee diversity ~ coffee cover 1.9075 1 0.1672
Native bee diversity ~ heterogeneity 0.0184 1 0.8920
Native bee diversity ~ native forest cover 3.0500 1 8.074E-02
Native bee diversity ~ cultivation method 5.3601 1 2.060E-02
Native bee diversity ~honeybee keeping 1.6063 1 0.2050
Native bee diversity ~ coffee blooming 1.1718 1 0.2790
Model selection based on significant variables
Models k AlCc A AICc Weight
Native bee diversity ~ plant richness + cultivation method 7 -73.4873 0.0000 0.5251
Native bee diversity ~ plant richness * cultivation method 7 -73.2865 0.2008 0.4749
NULL model 4 -45.0010 28.4864 0.0000
Best model evaluation
Variables Chisq Df Pr Estimate
plant richness 24.2623 1 8.407E-07 | 0.0327
organic cultivation method 3.9069 1 0.0481 0.0724

Appendix G — Model results for native bee diversity. First, single variable models were done to evaluate the
relation of each explanatory variable to bee abundance, and the significant variables (p value lower than 0.05)
were marked in bold. Then, models with only the significant variables and different structures were compared with
the null model. Models with difference lower than two of the Akaike information criteria (A AICc > 2) were

considered equivalent. In the end, the best model was evaluated and the estimate of each variable calculated.



