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RESUMO

Prevé-se que a superficie da terra ocupada por campos agricolas se expanda em até 30% até
2050. Apesar da relevancia da producdo agricola para a garantia da seguranca alimentar da
crescente populacdo mundial, as mudancas no uso da terra geradas por atividades agricolas
'modernas’ levaram ecossistemas ricos em espécies ao colapso, implicando na necessidade de
desenvolvimento de agro ecossistemas sustentaveis nos quais 0s servi¢os ecossistémicos sejam
aproveitados. Nesse trabalho, nosso objetivo foi avaliar quais e como variaveis locais e de
paisagem impactam o servico ecossistémico de controle dos niveis de herbivoria. Analisamos,
em nove propriedades do Cariri Paraibano, como a estrutura local e da paisagem influenciam
os niveis de herbivoria nas lavouras de milho e feijdo. A estrutura da paisagem foi definida
através de métricas de composicdo, configuracdo, diversidade de uso do solo e distancia a
grandes areas florestais, em trés escalas diferentes (raio de 100m, 300m e 500m). Os niveis de
herbivoria (frequéncia e magnitude dos danos) foram estimados com o auxilio de uma régua e
observando a presenca ou auséncia de danos nas estruturas das plantas (folhas e frutos). Nossos
resultados demonstraram que assim como estrutura local, a estrutura da paisagem ao redor dos
campos agricolas deve ser considerada no desenho de paisagens agricolas sustentaveis para
garantir baixos niveis de herbivoria.

Palavras-chave: herbivoria; dano foliar; caatinga; floresta tropical sazonalmente seca;
estrutura da paisagem; agricultura sustentavel.



ABSTRACT

The Earth’s land surface occupied by agricultural fields are predicted to expand by up 30% until
2050. Despite the relevance of crop production to ensure food safety to the world growing
population, land-use changes generated by ‘modern’ agricultural activities have driven species-
rich ecosystems towards collapse, implying on the necessity of developing sustainable
agroecosystems in which ecosystems services are harnessed. Here, we aimed to assess which
and how local and landscape variables impact the ecosystem service of herbivory level control.
We analyzed, in nine properties in the Cariri Paraibano, how local and landscape structure
influence herbivory levels in maize and bean crops. Landscape structure was defined through
metrics of composition, configuration, land use diversity and the distance to large, forested
areas, in three different scales (100m, 300m and 500m radius). Herbivory levels (frequency and
magnitude of the damage) were estimated with the aid of a ruler and by observing the presence
or absence of damage on plant structures (i.e. leaves and fruits). Our results demonstrated that
as local structure, the structure of the landscape surrounding agricultural fields must be
considered in the design of sustainable agricultural landscapes.

Keywords: herbivory foliar damage; caatinga; seasonally dry tropical forest; landscape
structure; sustainable agriculture.
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1 INTRODUCAO GERAL

1.1 PRODUCAO AGRICOLA SUSTENTAVEL
A inseguranca alimentar € um problema que assola um grande quantitativo da populacéo

mundial. Apesar do esforco constante e longevo da Organizacdo das NacGes Unidas (ONU),
em conjunto com instituicdes governamentais e ndo governamentais de todo o mundo, para a
erradicacdo da fome, o nimero de pessoas desnutridas no mundo continuou a aumentar em
2019. De acordo com a Food and Agriculture Organization of the United Nations (FAO, IFAD,
UNICEF, WFP e WHO, 2020), em 2014 esse quantitativo era de 8,6% da populacdo mundial,
tendo aumentado para 8,9% no ano de 2018. Caso a taxa de crescimento da fome da dltima
década ndo seja reduzida, em 2030 a fome e a desnutricdo alcancardo 9,8% da populacao
mundial, cerca de 840 milhdes de pessoas. Como fatores de grande impacto na inseguranca
alimentar, além do grande crescimento populacional, podemos citar as mudancas climaticas e
de uso da terra que vém historicamente afetando a producéo e os meios de subsisténcia rural
(FAO, 2018).

Idealizada como uma forma de diminuir a fome no mundo, a chamada “Revolu¢do
Verde” iniciada no Brasil entre as décadas de 60 e 70, foi um processo de modernizacao da
agricultura através do qual agrotdxicos, fertilizantes artificiais, sementes geneticamente
modificadas e maquinarios agricolas passaram a ser amplamente utilizados nos meios de
producdo visando o aumento da produtividade, resultando assim no surgimento da “agricultura
moderna” (DUTRA; SOUZA, 2017; WACHEKOWSKI et al., 2021). A implantagcdo desse
modelo intensificou o0 uso da terra, causou o desmatamento de grandes areas florestais e
impactou negativamente a biodiversidade. Dentre os principais impactos decorrentes desse
sistema de producdo, pode-se citar a erosdo e contaminagao do solo, a contaminagéo dos corpos
hidricos, efeitos nocivos a salde humana causados pela exposicdo direta ou indireta aos
agrotoxicos (WACHEKOWSKI et al, 2021) e 0 aumento da emissao dos gases do efeito estufa
(LEMOS, 2017; NODARI, 2018), o que o configura como um sistema de producdo

insustentavel.

O modelo agricola moderno levou ao fortalecimento da monocultura e ao uso de
sementes geneticamente modificadas para se tornarem resistentes a pragas, doencas e
agrotoxicos (SALERNO, 2021). Também levou a uma homogeneizacdo das especies
agriculturaveis em detrimento da existéncia de uma variedade de linhagens adequadas as

particularidades ambientais de cada regido. Tal homogeneizagdo cria e fortalece uma



agroindustria na qual o produtor torna-se dependente do uso de insumos quimicos (SALERNO,
2021).

O modelo de producdo agricola moderno tem como uma de suas principais
caracteristicas a substituicdo de funcbes/servicos ecossistémicos pela maior introducdo de
energia e agroquimicos no sistema (DUTRA; SOUZA, 2017). Por exemplo, o uso de
maquinarios pesados afeta negativamente a fertilidade do solo ao contribuir para sua
compactacdo. Para compensar esse impacto, sdo utilizados fertilizantes artificiais e outras
técnicas de corregdo do solo. Esses insumos interferem na biota do solo e podem levar a
eliminacdo de espécies que desempenham fungdes importantes, tais como a decomposicao de
matéria organica e a oxigenacdo do solo. Dessa maneira, a aplicacdo de insumos quimicos gera
um desequilibrio ambiental e, como em um sistema de retroalimentacdo, mais agroquimicos
sdo utilizados para o cumprimento de funcbes anteriormente fornecidas pelo ambiente
(SALERNO, 2021).

Os servicos ecossistémicos sdo condicdes e processos através dos quais ecossistemas
naturais e as espécies que o compdem sustentam a vida humana (DAILY, 1997), Sdo funcdes
e processos benéficos diretos e indiretos, de alguma forma valoraveis, oferecidos naturalmente
pelos ecossistemas (IMPERATRIZ-FONSECA; NUNES-SILVA, 2010; MULDER et al.,
2015). Sdo categorizados em: servicos de suporte (necessarios para provisao de todos o0s outros
servigos), servicos de provisdo, servigos culturais e servigos de regulacdo (UNEP, 2005;),
dentre os quais podemos citar a regulagdo do clima, polinizagédo (IMPERATRIZ-FONSECA,;
NUNES-SILVA, 2010), protecdo e purificacdo da agua, dispersdo de sementes e o controle de
pragas em campos agricolas (VENZON et al., 2019).

Além de enormes prejuizos ambientais, a Revolucdo Verde causou grandes impactos
negativos na sociedade. O surgimento de um modelo produtivo no qual se faz essencial o uso
de diversos equipamentos e insumos para a producdo resultou na segregacdo de pequenos
produtores e a concentracdo do processo produtivo nas maos dos grandes empresarios do
agronegocio (LEMOS, 2017; SALERNO, 2021). Com essa segregacdo social, aqueles que ndo
conseguiram se adaptar ao novo modelo de produgéo passaram a ser considerados como apenas
capazes de uma producéo de subsisténcia, sem condic¢Ges de responder as demandas regionais
e nacionais, ficando restritos a pratica da agricultura de subsisténcia em um ambiente degradado

e sem recursos para suprir as fungdes ambientais perdidas (SALERNO, 2021).
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Dados publicados pela FAO em 2018 mostraram que as taxas mais altas de crescimento
demografico nos préximos anos tendem a ocorrer em locais onde a populacdo depende
majoritariamente do setor agricola e que tais locais possuem niveis elevadissimos de
inseguranca alimentar (FAO, 2018). No Brasil, a regido socioecondmica mais vulneravel é o
semiérido, que envolve todo o territério da Caatinga (MORAES, 2019). Essa regido é
caracterizada por apresentar um elevado nimero de pequenos produtores rurais que dependem

predominantemente de atividades agricolas e pecudrias de subsisténcia (MORAES, 2019).

Diante desse cenério, hé atualmente o consenso de que uma importante ferramenta para
o combate da fome no Brasil (BARROS; PEREIRA, 2013) e no mundo € o desenvolvimento
de uma agricultura sustentavel e produtiva, que seja capaz de fornecer os alimentos necessarios
para garantir a seguranca alimentar de todos, o que constitui um dos Objetivos do
Desenvolvimento Sustentavel (ODS) tracados pela ONU em 2015 (Conferéncia das Nagdes
Unidas Sobre o Desenvolvimento Sustentavel). O ODS 2 (Fome Zero e Agricultura
Sustentavel) (IPEA, 2019), pode ser alcancado sem a conversdao de florestas em areas
agropecuarias e sem gue 0s recursos naturais sejam exauridos (BRASIL, 2017; FAO, IFAD,
UNICEF, WFP e WHO, 2020; FERES e FERREIRA, 2020).

Diversos estudos ao redor do mundo tém demonstrado que o desenvolvimento de
praticas agropecudrias produtivas e sustentaveis estd intimamente relacionado com o
aproveitamento dos servigos ecossisttmicos, uma vez que esses sdo fundamentais para o
funcionamento dos sistemas agricolas (ROMA, 2014; BRITISH AMERICAN TOBACCO
BIODIVERSITY PARTNERSHIP; 2016; FAO, 2018; FERRAZ et al., 2019; FAO, IFAD,
UNICEF, WFP e WHO, 2020). Os modelos land-sharing e land-sparing sdo exemplos de
estratégias para agricultura sustentavel visto que tém como principio a conservacdo da
biodiversidade associada com a produtividade agricola. Sendo o primeiro um modelo no qual
a conservacao da diversidade bioldgica e a producdo ocorrem de maneira integrada na mesma
area, enquanto no segundo modelo, &reas de producdo intensa sdo combinadas com areas
naturais conservadas (PHALAN et al., 2011) .

Um estudo realizado por Araujo et al (2021) no Cariri Paraibano, demostrou que, em
um modelo ideal de producdo agricola sustentavel no semiarido, a paisagem deveria ter pelo
menos 50% de vegetacdo natural preservada para a manutengcdo do fluxo de servigos
ecossistémicos essenciais, estoques de aguas subterraneas, baixas taxas de eroséo e recursos

energeticos baseados em plantas.
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1.2 HERBIVORIA
InteracOes entre insetos e plantas tém papel determinante na dindmica das populagdes,

na estrutura das comunidades, nos processos evolutivos e nos servigos ecossistémicos. A
herbivoria, especialmente, € um dos principais veiculos para a conducdo de energia entre 0s
niveis troficos mais basais e superiores (DATTILO; RICO-GRAY, 2018). A herbivoria foliar
é uma interacdo amplamente estudada devido a sua influéncia na evolugdo e composigdo de
espécies de plantas em comunidades e aos impactos que essa pode causar na aptidao das plantas,
tornando-a foco comum da maioria dos estudos sobre relagdes antagbnicas entre plantas e
insetos (KOZLOQV et al. 2015a, KOZLOQV et al. 2015b, KOZLOV; ZVEREVA, 2017).

Na herbivoria foliar ocorre o consumo do principal 6rgao fotossinteticamente ativo — a
folha. Esta interacéo ecoldgica pode afetar direta ou indiretamente a capacidade de aquisicéo
de recursos das plantas, prejudicar seu desenvolvimento e afetar a ciclagem de nutrientes no
solo (KOZLOV et al. 2015a). Os prejuizos causados pela herbivoria podem ter efeitos apenas
em nivel individual ou podem afetar populacGes e comunidades inteiras (SOPER; ADLER,
2016).

Na agricultura, os danos decorrentes da herbivoria podem ser diretos, quando ha o
ataque no produto a ser comercializado, ou indiretos, quando atacam estruturas vegetais que
ndo serdo comercializadas (e.g., raizes, flores), mas que alteram os processos fisioldgicos,
refletindo na producéo. Além disso, podem atuar indiretamente injetando substancias maléficas
as plantas durante o processo alimentar ou transmitir virus, bactérias e fungos (MORAES,
2016).

Desde meados do século XX sdo calculadas estimativas de perdas causadas por insetos
herbivoros na agricultura (OLIVEIRA et al., 2014). Em 1967, a estimativa de perda agricola
mundial causada por insetos foi de 13,8% (CRAMER, 1967), enquanto em 1985 a estimativa
foi de 13% (PIMENTEL, 1986). Em 2016, esta estimativa ja era em média de 18% a 20%,
levando a um prejuizo de mais de 470 bilhdes de dolares (OLIVEIRA et al., 2014; SCHUSTER
e TORERO, 2016; SHARMA et al., 2017; CULLINEY, 2014).

Em 2013, no Brasil, essa perda girava em torno de 7,7% da producéo do pais, 0 que
correspondia a aproximadamente 25 milhGes de toneladas de alimentos, fibras e
biocombustiveis (OLIVEIRA et al., 2014). Além da perda direta causada por insetos fitofagos,

0s impactos econdmicos estdo relacionados também com o valor investido em inseticidas e em
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tratamentos médicos para pessoas intoxicadas pelo uso de tais produtos (OLIVEIRA et al.,
2014).

Os dados apresentados demonstram um aumento dos danos causados por insetos nas
plantacdes e, apesar do uso das técnicas de controle, a destrui¢do causada é imensa, gerando
grandes prejuizos em todo o mundo. De acordo com a Agéncia Embrapa de Informacéo
Tecnoldgica (Ageitec), um dos fatores que contribuem para 0 aumento dos danos causados por
pragas € a utilizacdo indiscriminada de inseticidas que leva a selecdo de individuos resistentes
a tais produtos, forcando assim a evolucdo de espécies-praga (ROSSETTO, SANTIAGO,
2020).

Uma técnica que tem se mostrado eficiente para o controle de danos causados por
insetos é o aproveitamento do servigco ecossistémico de remocdo de insetos herbivoros por
predadores ou inimigos naturais (VENZON et al., 2019; CASTRO, 2015; POWER, 2010),
também conhecido como controle de pragas nas ciéncias agricolas. O entendimento a respeito
de como e quais os fatores que afetam a provisao desse servigo ecossistémico € um requisito
para 0 desenvolvimento da agricultura sustentavel, principalmente em regides tropicais com

alta diversidade bioldgica.

Estudos tém demonstrado que para a garantia da provisao desse servigo € necessario
0 planejamento de sistemas agricolas que favorecam a fauna local de inimigos naturais,
combinado a adogao de praticas agricolas menos danosas a biodiversidade (N’WOUENI et al,
2022; CULLINEY, 2014). Ha evidéncias claras de que a riqueza e a abundancia de espécies
tém efeitos positivos para o controle de pragas e que a simplificacdo da paisagem interfere de
forma negativa nesse resultado (DAINESE et al., 2019).

A provisdo de servigos ecossistémicos tende a variar de acordo com a composi¢éo da
paisagem: paisagens mais complexas com maior area de cobertura natural sdo capazes de prover
tais servigos com mais eficiéncia (CASTRO, 2015; SAMPAIO, 2013; SOLIVERES et al.,
2016). Um estudo realizado por Aradjo et al. (2021), na regido da caatinga, no interior da
Paraiba, demonstrou que a existéncia de uma area adjacente com uma maior complexidade
estrutural resulta numa maior produtividade agricola quando comparada com a producéo de um

cultivo que esta proximo de uma area com baixo grau de complexidade estrutural.

De forma similar, em um estudo realizado por Araujo, Nascimento e Brito (2022), com

cultivos experimentais de goiaba, foi constatado que a abundancia e os danos provocados por
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insetos herbivoros foram significativamente menores em uma paisagem com maior
complexidade estrutural, evidenciando a dependéncia existente entre a composigéo da paisagem

e 0s servicos ecossistémicos oferecidos pelo ambiente.

1.3 CAATINGA
A Caatinga € o maior representante sul-americano do bioma global denominado

Floresta Tropical Sazonalmente Seca (FTSS). Esta definicdo é ampla, incluindo desde florestas
altas em locais mais Umidos até areas arbustivas compostas por plantas suculentas nos locais
mais secos (PENNINGTON; RATTER, 2006). Sua vegetacdo € caracterizada por apresentar
plantas com folhas pequenas, espinhosas e troncos retorcidos, bem como ervas teréfitas que
possuem uma grande capacidade de resposta a pequenos niveis de precipitacdo (300—
1000 mm/ano) com répido surgimento de folhas nas primeiras chuvas anuais (SILVA et al,
2017; QUEIROZ et al, 2017).

Por ser uma floresta sazonalmente seca, o atributo mais marcante da vegetacdo da
Caatinga é a deciduidade da maior parte de suas arvores e arbustos (RUFINO et al, 2020). Além
disso, a regido apresenta como caracteristica um solo fértil, raso e pedregoso, clima semiarido
e temperaturas elevadas (média de 27°C a 32°C). Com precipita¢cdo anual média de 773 mm e
muito variada espacial e temporalmente, o regime hidrico da regido é mais afetado pela variacao

espacgo-temporal do que pelo total precipitado anualmente (ANDRADE et al, 2017).

A baixa disponibilidade de agua é um fator limitante ao desenvolvimento e ciclo de
vida das plantas, fato que justifica a existéncia da sincronia entre a producéo de folhas e flores
de grande parte das plantas com a estacdo chuvosa (ANDRADE et al, 2017; PENNINGTON,
LAVIN, OLIVEIRA-FILHO, 2009). A deciduidade da vegetacao explica 0 nome da Caatinga,
pois “Caatinga” significa "floresta branca" na lingua Tupi, fazendo menc¢ao a vista que se tem
da floresta no periodo de seca, no qual grande parte das folhas sdo perdidas, restando apenas 0s
troncos esbranquicados das arvores (SILVA et al, 2017; FERNANDES; QUEIROZ, 2018)

A Caatinga é a maior area continua de Floresta Tropical Sazonalmente Seca do
mundo, ocupando cerca de 10% do territorio brasileiro (SILVA et al, 2017). E um dos
componentes do mosaico da chamada “Diagonal da Seca”, uma regido que se estende do
Nordeste do Brasil até o Noroeste da Argentina, formada pelos biomas Chaco, Cerrado e FTSS
(LIMA et al, 2018). Outras areas relevantes desse bioma podem ser encontradas formando um
arco na América do Sul, incluindo o sudoeste do Brasil, 0 nordeste (nucleo Misiones) e noroeste

da Argentina, e o sudeste da Bolivia (nucleo Piemonte), os vales secos andinos da Bolivia a
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Colbmbia, a regido costeira do Equador e o noroeste da América do Sul (costa caribenha da
Colémbia e Venezuela), estendendo-se para norte até o México através da costa do Pacifico da
América Central (PRADO, 2003; FERNANDES, QUEIROZ, 2018).

Em todas essas areas de FTSS existe uma larga variacdo local na estrutura da
vegetacdo, desde florestas que possuem uma vegetacdo arbOrea com as copas das arvores
formando um dossel continuo até arbustais xerdfilos onde a vegetacdo é caraterizada por
arvores baixas e esparsas e um estrato arbustivo mais denso. No entanto, apesar da grande
variacdo estrutural, existe uma semelhanca floristica entre as diferentes formacdes, o que
justifica sua inclusdo em um mesmo bioma global (FERNANDES; QUEIROZ, 2018).

Internamente, a Caatinga € muito heterogénea em termos bidticos e abioticos. Cerca
de 135 unidades geo-ambientais foram identificadas (RODRIGUES; SILVA, 2000), agrupadas
em nove ecorregies (VELLOSO; SAMPAIO; PAREYN, 2002), e posteriormente
reformuladas em: Brejos, Planalto da Borborema, Raso da Catarina, Complexo da Chapada
Diamantina; S&o Francisco — Gurgeia; Dunas do S&o Francisco; Depressdo Sertaneja
Meridional; Complexo Ibiapaba Araripe e Depressdo Sertaneja Setentrional (SILVA et al.,
2017).

Remontando as raizes historicas de ocupacdo do territorio brasileiro, a regido de
abrangéncia desse ecossistema foi objeto de intensa ocupacdo, processos culturais, econdmicos
e institucionais durante varios séculos. Apesar de sua relevancia ambiental, a Caatinga é uma
das regides mais degradadas e menos protegidas do pais, com apenas 2% de sua area protegida
por unidades de conservacdo de protecdo integral (SILVA et al, 2018). Grande parte desse
ecossistema possui algum nivel de degradacdo advindo do seu histérico de uso da terra e cerca
de 46% da area que originalmente apresentava vegetacao nativa ja foi desmatada (SANTOS et
al., 2019). As principais causas da degradacdo da caatinga incluem distdrbios crénicos como a
extragdo de madeira, a criagdo extensiva de caprinos e a caca, além do desmatamento realizado
em prol das atividades agricolas. (SILVA et al, 2018). Além disso, outra causa significativa de
devastacdo da Caatinga € o aquecimento global, que é responsavel pela intensificacdo dos
periodos de seca, fazendo com que a regido continue em processo de desertificacdo (GARCIA;
FARIAS, 2020)

Apesar de serem naturais, 0s periodos de seca Sd0 pProcessos extremamente

impactantes, no entanto, de ocorréncia esporadica ou repetida, ndo explicam sozinhos o
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desencadeamento do processo de desertificacdo (TAVARES et al.,, 2019). Contudo, tal
fendmeno é um dos fatores naturais que tornam a regido mais susceptivel a processos de
degradacéo do solo, tornando as areas afetadas por fatores antrépicos extremamente vulneraveis
(TAVARES et al., 2019). Além da baixa precipitacdo, as regides aridas e semiaridas séo
afetadas por altas temperaturas, solos pouco intemperizados e uma grande vulnerabilidade
socioecondémica da populacdo (MATTAR et al., 2018).

Diferentemente de outras zonas aridas e semiaridas no mundo, a Caatinga caracteriza-
se por reunir uma quantidade significativa de produtores rurais (GARCIA; FARIAS, 2020).
Essa regido vem sofrendo historicamente severas restricbes politicas e sua populacéo
desenvolveu tradi¢Ges culturais fortes e resilientes baseadas na pecuéria e na agricultura de
subsisténcia, tornando a Caatinga mais do que uma divisdo ambiental, uma divisdo social, sendo
a regido brasileira menos desenvolvida socioeconomicamente (BUAINAIN; GARCIA, 2013;
SILVA et al, 2017).

O Cariri Paraibano localiza-se na regido Nordeste do Brasil e esté situado no plat6 do
Planalto da Borborema. Apresenta clima semiarido quente (BSh) e precipitacdo anual variando
de 400 a 800mm, com 60% das chuvas ocorrendo de maneira concentrada nos meses de
fevereiro a abril, grande variacdo interanual e com temperatura e humidade anual médias de
25°C e de 65%, sendo considerada a regido mais seca do pais (ALVARES et al., 2013; SILVA
etal., 2017).

A regido é composta por 29 municipios ocupando uma area de 11.236,4 km2 com uma
populacdo de aproximadamente 196 mil habitantes, densidade demografica média de 17,29
hab/km? (IBGE, 2020) e IDH relativamente baixo, variando de 0,55 a 0,64 (PNUD, 2013).
Possui um longo historico de uso e ocupacao da terra para fins agropecuarios. Até o século
XVIII, a area apresentava uma cobertura florestal com vegetacdo riparia e afloramentos
rochosos, mas a maior parte da vegetacao original foi substituida por campos de algodao do
final do século XIX até a década de 1970 (SOUZA; SOUZA, 2016). Em 2015, 45% da
populacgéo residia na zona rural, na qual a agricultura de sequeiro, com mao de obra familiar,
constituia a principal fonte de renda (IBGE, 2017). Esse cenério ainda € atual e a populagéo
local vive com a baixa disponibilidade de recursos naturais, em busca de uma melhor qualidade
de vida (PEREIRA-JUNIOR et al., 2015; ALVES, AZEVEDO, CANDIDO, 2017; ARAUJO,
NASCIMENTO, BRITO, 2022).
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2.1 Abstract

Understanding how local and landscape variables regulate herbivory levels in
croplands is a challenge to developing sustainable agricultural practices. Here, we assess
which predictors are relevant and how they impact herbivory levels (i.e. magnitude and
frequency of damage) in maize and bean crops in a semiarid region of South America.
Landscape structure was defined through metrics of composition, configuration, land use
diversity and the distance to large, forested areas, in three different scales (100m, 300m
and 500m radius). Our findings demonstrated that the crop area size and landscape
heterogeneity had a positive relation with herbivory levels in both maize and bean crops,
habitat fragmentation exhibited a negative relation in maize and a positive relation in
bean’s herbivory levels. The distance to a large, forested area had no impact on maize
herbivory levels, however enhanced bean crops leaf damage. Maize cobs frequency of
damage was not affected by any predictor, while bean pods herbivory level decreased in
landscapes with a bigger proportion and more patches of forest/woodland and enhanced
within more heterogenous landscapes. Therefore, the results shown that herbivory levels
are indeed influenced by the surrounding landscape and can exhibit different responses
according to the plant species and organs, being relevant to planning sustainable
agricultural landscapes in dryland regions.

Keywords: foliar damage, folivory, caatinga, tropical dry forest, landscape composition,
landscape configuration, Brazil, sustainable agriculture, human-modified landscape
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2.2 Introduction
Agricultural fields currently cover about 13% of Earth’s land surface (FAO, 2018;

FOLEY et al., 2011) and are predicted to expand by up to 30% until 2050 (FAO, 2018).
Croplands have been critical to feed a growing human population, but resulted in
deforestation, habitat fragmentation, soil and water degradation (CHAUDHARY;
KASTNER, 2016; MOLOTOKS et al., 2018). Ultimately, the land-use changes promoted
by modern agricultural activities have driven species-rich ecosystems towards biomass
collapse, biodiversity loss, biotic homogenization, and functional simplification
(ANDRESEN; ARROYO-RODRIGUEZ; ESCOBAR, 2018; IMPERATRIZ-
FONSECA; NUNES-SILVA, 2010; WHATELY; HERCOWITZ, 2008). Disruptions in
biotic interactions of great interest for farmers, such as insect herbivory, have largely been
ignored in crop planning or assumed as a problem to be managed chemically with
considerable amounts of money. To minimize this expensive trade-off with nature
conservation and develop more sustainable agroecosystems, new environmental-friendly
agricultural models have been developed across the continents (Brasil 2017; Instituto de
Pesquisa Econdmica Aplicada 2019; Féres & Ferreira 2020; FAO et al. 2020). The land
sparing-sharing continuum is an example of such models (PHALAN et al., 2011). The
development of sustainable agricultural landscapes is another attempt to reduce the
environmental costs of agriculture and identify synergies with nature conservation
(ARAUJO et al., 2021; SOUSA; LONGO; SANTOS, 2019). With this new vision,
agriculture practices go beyond the cropland boundaries and take the surrounding natural
ecosystem into account while developing the productive systems, scaling up the activity
to the landscape level.

The remaining original ecosystems that compose the agricultural landscapes may
provide services for agriculture, such as water supply and pollination, but also disservices

(FILGUEIRAS et al., 2021). One of the most relevant disservices is the herbivory.
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Herbivory is the feeding on living plant parts by animals (SCHOWALTER, 2016), which
include vegetative and reproductive organs of agricultural interest. Insects are the most
common herbivores in the tropics, but vertebrates are important as well (Coley & Barone
1996). When forest conversion to agricultural fields increases the abundance of particular
herbivores (natives or not), they damage the crops at rates greater than farmer
expectations and are considered pests. Herbivorous insects have been responsible for
destroying one-fifth of the world’s crop production every year(SALLAM; MEIJIA;
LEWIS, 2013), with annual financial losses as huge as 470 billion dollars in 2016
(SHARMA; KOONER; ARORA, 2017). In addition, the economic impacts also expenses
with insecticides and medical treatments to people intoxicated with the products
(OLIVEIRA et al., 2014). Despite its relevance, the drivers of insect herbivory in
agricultural landscapes are not completely understood (AYANTUNDE et al., 2018).
Drivers may involve processes at local and landscape levels. As larger croplands
offer more food resources for herbivores, both frequency and magnitude of herbivory are
expected to increase in larger croplands. The historical use of the cropland, the techniques
employed (e.g. type of irrigation, if any), soil characteristics are also relevant at the
cropland (local) scale. At the landscape scale, the proportion of landscape surface covered
by original ecosystems (i.e. landscape composition), the number of patches of these
original ecosystems (i.e. landscape configuration), and the diversity of land-uses (i.e.
landscape heterogeneity) may also affect herbivory patterns. Landscapes densely covered
by pristine forests are expected to home more animals that prey on or parasitize insect
herbivore larvae than more deforested landscapes, protecting croplands from outbreaks
(THIES; STEFFAN-DEWENTER; TSCHARNTKE, 2003). Similarly, highly
fragmented landscapes may negatively impact the dispersal and abundance of forest-

dependent herbivores (FAVERI; VASCONCELOS; DIRZO, 2008), potentially resulting
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in smaller levels of herbivory than less fragmented landscapes. The increase in landscape
heterogeneity is also expected to reduce herbivore damage by promoting environmental
heterogeneity and avoiding the establishment of extensive monocultures (LOREAU et
al., 2003).

In this study we assess these predictions in the driest region of the largest
seasonally dry tropical forest of South America, the Brazilian Caatinga (SILVA; LEAL;
TABARELI, 2017). Caatinga is a 1-million km? heterogenous mosaic of semiarid
ecosystems that include forests, woodlands, shrublands, and herbaceous communities
(ARAUJO; NASCIMENTO; BRITO, 2022). About 28 million people inhabit their
domain and most of the rural population employs subsistence agriculture techniques to
produce maize and bean for human and animal consumption. Because rainfall is scarce
to support rainfed or irrigated croplands, changes in landscape composition, configuration
and heterogeneity should be conducted with caution to preserve aquifer recharge zones
and the other ecosystem services, including protection against herbivores. As acute and
chronic disturbances have resumed the Caatinga to half of its original distribution and
fragmented it into about 47,000 patches (ANTONGIOVANNI et al., 2020;
ANTONGIOVANNI; VENTICINQUE; FONSECA, 2018; SILVA; BARBOSA,
2017)estimating the role of local and landscape predictors on the levels of crop herbivory
becomes imperative. In this scenario, uncovering potential trade-offs or synergies of
farming with nearby protected areas is also relevant (see Alves et al. 2020), as the
protected areas may buffer outbreaks.

We test the hypothesis that landscape structure modulates the levels of herbivory
on bean and maize leaves and fruits in subsistence croplands of the Caatinga. We expected
that herbivory levels were greater in landscapes with smaller proportion of forest and

woodland cover, with less patches of these conserved ecosystems, and with smaller
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diversity of land uses. The increase in cropland area and distance to a large, protected
area were also expected to result in increased levels of herbivory. We performed the
analyses at three spatial scales (100 m, 300 m and 500 m radius) to identify the spatial
scale at which the herbivory better responds to the changes in landscape structure

(FAHRIG, 2013).

2.3 Methods

2.3.1 Study region
We carried out the study in Cariri Paraibano, the driest sub-region of Caatinga

with climate BSh (B-Dry, S-Semi-arid, h-low latitude and altitude), annual precipitation
raging from 400mm to 800mm (ALVARES et al., 2013) and 60% of the rainfall
concentrated in the months of February to April (ARAUJO et al., 2021). Until the 18"
century, the region was covered by woodlands, riverine forests, herb communities and
rocky outcrops (SOUZA; SOUZA, 2016). Until the 1970s, part of the original vegetation
was replaced by extensive cotton fields. Cotton production declined sharply in the 1950s
due to pests, land mismanagement and competition with synthetic fiber (ARAUJO et al.,
2021; BELTRAO, 2003; COSTA; BUENO, 2004) , originating shrublands that are often
misinterpreted as original ecosystems. The sub-region has 11,236 km2 and includes 29
municipalities with approximately 196,000 habitants, average population density of 17.29
inhab/km? (IBGE, 2020), and low HDI ranging from 0.55 to 0.64 (PNUD, 2013).

We selected nine properties of small farmers located in Sdo José dos Cordeiros
municipality (Fig. 1). All of them plant maize intercropped with beans in a rainfed regime
and with family labor. Planting is usually carried out in plots of one or two hectares with
the first rains of the year, which usually arrive between January and March and last until
April and June, but very irregularly. Between June and July, crops are harvested and

processed as fodder. It is not unusual for production to be lost due to lack of rain after
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planting. The properties are distributed around the RPPN Fazenda Almas, which
constitutes one of the largest forest remnants in the Cariri region of Paraiba, at distances
ranging from 0.09 km to 16.5 km. It is worth mentioning that one site (it would be the
tenth) had to be excluded from the statistical modeling as it clearly represented an outlier

in our data, presenting herbivory levels up to 20 times higher than the average of the

others.

® Farms

[ Northeast of Brazil
I Caatinga region
Land cover type

[ Forest or Woodland
[ Shrubland
I Bared Soil
Il Water surface
W Cropland or Pasture
[ Mesquite

Figure 1. Farm’s locations at the caatinga region. (1) landscape most covered by forest/woodland and (2)
landscape most covered by cropland or pasture.

2.3.2 Local and landscape metrics
To measure the landscape variables, we used satellite images freely available in

Google Earth Pro. The images were analyzed and the land use type was categorized in
seven classes: (1) forest, areas mostly covered by tall trees (5 to 14 m tall); (2) woodland,
areas covered by a mix of trees (ranging from 2 to 5 m tall) and shrubs; (3) shrubland,
areas composed mostly by shrubs and bared soil; (4) cropland, areas of crop production;
(5) mesquite, areas covered exclusively by mesquite trees; (6) bared soil, areas composed
mostly by exposed soil and (7) water surface, represented by small dams used to

accumulate water from the rainy season (Fig. 1) (adaptation of Araujo et al. 2021). The
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cropland areas sampled were mapped in the field. After the classification, using Qgis
(version 3.22), the perimeter, area, number of polygons and proportion of each land use
type were calculated in three different scales: 100 m, 300 m e 500 m.

Using this information, we calculated the number of fragments and estimated the
proportion of forested land (sum of woodland and forest, hereafter conserved ecosystems)
and anthropic use lands (sum of bared soil, mesquite, shrubland, cropland and water
surface of dams, hereafter degraded ecosystems). In addition, we measured the shortest
distance of each crop to the RPPN in a straight line between the centroid of the crop area

to the edge of the reserve.

2.3.4 Herbivory metrics
To estimate herbivory levels on leaves of maize and bean, we randomly sampled

20 plants of each species in each crop. In maize plants, we evaluated 10 leaves, or all the
leaves present on the plant. In bean plants, we sampled 10 leaflets of 10 leaves from each
plant. On each leaf, we carefully checked the presence of damage caused by herbivorous
arthropods and estimated, with the aid of a ruler, the damaged area. For this, we assumed
that the damage had a square or rectangular shape, measured its greatest length and
greatest width, and added the total damaged area of the leaf. Then, we measured the
largest leaf width and the bean leaflet length and used allometric equations to estimate
the total maize leaf area (area = 89.686 x width —56.464, R? = 0.85) and bean leaflet (area
= 15.555 x length — 81.412, R2 = 0.97).

To assess the frequency of foliar damage, we categorized the leaves and leaflet as
intact or damaged. Leaves and leaflets with less than 1 cm? of damage were considered
intact. Frequency was calculated by dividing the number of damaged leaves (and leaflets)
by the number of leaves (and leaflets) sampled on the plant, resulting in proportions

ranging from O (fully intact crop) to 1 (fully damaged crop). To calculate the magnitude
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of herbivory, we divided the leaf damaged area by the total leaf area and averaged the
leaves sampled in the crop (n = 200 observations per crop per species). To facilitate
interpretation and comparison with other studies, we express the magnitude results in
percentage.

To estimate the damage by herbivores on the reproductive structures of plants —
i.e. maize cobs and bean pods —we randomly sampled 30 fruits in each crop and classified
them as intact, when there were no signs of herbivory, or as damaged, when there were
clear signs of damage by invertebrates, vertebrates or pathogens. The magnitude of the
damage was not estimated because it would imply the use of destructive methods such as
collecting and opening the structures, which we did not have authorization for. The
frequency of damage to maize cobs and pods was calculated by dividing the number of

damaged structures by 30.

2.3.5 Data analyses
To calculate the landscape land use diversity, we use Hill numbers (g=1). The

seven categories of land use were treated as species and each landscape as a community.
Considering that only two of seven categories represent natural habitats (i.e. forest e
woodland), the index can be interpreted as landscape diversity of anthropic land use.
Calculations were performed for each landscape at 100 m, 300 m and 500 m scales using
the entropart package ( Marcon & Hérault 2015) of R 4.1.2. To assess how the predictor
variables affect the herbivory levels, we used generalized linear models with beta
distribution, recommended for continuous data of proportions distributed between 0 and
1 (SMITHSON; VERKUILEN, 2006). For each response variable, we built a beta model
with the five predictors: cropland area, distance to the RPPN Fazenda Almas (log),
proportion of forest/woodland, number of fragments of forest/woodland and diversity of

anthropic uses in the landscape. We performed the diagnosis of the models through QQ
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plots of residuals and Kolmogorov-Smirnov (KS), dispersion, and outliers tests. All
models met the assumptions. We used Type Il Wald chisquare tests to perform the
deviance analysis of each model and identify the predictors that significantly (positively
or negatively) affected the response variable in question. The construction of the models
and the graphical representation of the significant relationships was performed with the
packages glmmTMB (Brooks et al 2017), DHARMA (Florian 2022), car (Fox &
Weiisberg 2019) and betareg (CRIBARI-NETO; ZEILEIS, 2010) from R 4.1.2.

To identify the spatial scale at which the effects are most evident, we used chi-
square tests that compared the deviance of the null models, 100 m, 300 m and 500 m of
each response variable. We consider models with delta AIC<2 to be equally plausible and
the model with the lowest deviance to be the most important spatial scale for the analyzed
response variable. We use the gimmTMB (Brooks et al 2017) and car (Fox & Weiisberg
2019) packages from R 4.1.2 in this procedure. The interpretation of the effect of the
predictors on the response variables was performed only on the spatial scale with the

lowest deviance. Significant relationships were plotted to aid in interpretation.

2.4 Results

2.4.1 Overview
On maize leaves, the herbivory frequency was averaged 0.45 (0.14 - 0.77; min-

max) with magnitude of 2.7% (1.1% - 5.0%). Meanwhile, maize cobs damages were less
frequent (mean 0.18; 0 - 0.40). On bean leaves, the frequency of foliar herbivory averaged
0.72 (0.26-0.91), with a similar magnitude to that of maize (mean 2.9%; 0.6%-7.7%). As
in the case of damage to maize cobs, damage to bean pods was lower than on its leaves

but reached more than half of the analyzed pods (average 0.57; 0.20-0.85).
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2.4.2 Herbivory responses to local and landscape predictors
The effect of predictor variables on herbivory levels varied with spatial scale and

culture. In maize, the frequency of foliar herbivory was better explained by landscape
variables at the 300 m scale, while the magnitude was better explained at the 100 m scale
(Table 1). In the maize cobs, the best fitted models were the 300 m and 500 m models,
but in none of them the predictors significantly affected the frequency of damaged cobs
(Table 1). In bean, both the frequency and magnitude of herbivory were best fitted at the
100 m scale, while the frequency of pod damage was better explained by landscape

variables at the 500 m scale (Table 1).
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Tabel 1. Comparison between generalized linear models adjusted to herbivory levels in maize and bean at
different spatial scales (100 m, 300 m and 500 m radius from the crop centroid).

Chi-square

Model Df AIC Deviance
Frequency of damage on maize leaves

null 2 -0.017 -4.02
100 m 7 -0.249 -14.25
300 m 7 -7.782 -21.78
500 m 7 0.009 -13.99

Magnitude of damage on maize leaves

null 2
100 m 7
300 m 7
500 m 7

Frequency of damage on maize fruits

null 2
100 m 7
300 m 7
500 m 7

Frequency of damage on bean leaves

null 2
100 m 7
300 m 7
500 m 7
Magnitude of damage on
null 2
100 m 7
300 m 7
500 m 7

Frequency of damage on bean fruits

null 2
100 m 7
300 m 7
500 m 7

-49.99
-61.20
-51.92
-52.31

-11.34
-6.63
-7.50
-9.17

-2.7157
-7.928
0.762
0.975

bean leaves

-43.41
-65.17
-58.02
-44.36

-0.22
0.66
5.98
-0.76

-53.99
-75.20
-65.92
-66.31

-15.34
-20.63
-21.50
-23.17

-6.75
-21.92
-13.23
-13.02

-47.41
-719.17
-72.01
-58.36

-4.22
-13.33
-8.02
-14.77

10.23
7.53***
0

21.21%**
0
0.39***

5.29
0.87***
1.66***

15.17**
1
1

31.76***
1
1

9.11

6.75***

**1<0.01; ***p<0.001
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When evaluating the parameters of these models, we observed that the frequency

of maize herbivory increased in landscapes with a greater proportion of conserved

ecosystems and greater diversity of anthropic uses, however reduced in landscapes with

a greater number of conserved fragments (Fig. 2a-c). The magnitude of leaf damage also

increased in the more heterogeneous landscapes and reduced in the more fragmented ones

but was also higher in the larger crops (Fig. 2d-f).
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Figure 2. Effect of local and landscape predictors on the frequency (blue) and magnitude (orange) of
herbivory on maize leaves. The dashed red lines represent the fit of generalized linear models with beta
distribution and logit linkage function (see complete model statistics in Table S1). Different symbols
indicate different predictors.
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Regarding beans, the frequency of leaf damage was higher in larger crops and in
more heterogeneous and more fragmented landscapes (Fig. 3a-c). Similar effects were
observed on the magnitude of leaf damage, but in addition to them, we also observed
greater magnitude of leaf damage in landscapes with greater cover of forested land and

closer to the RPPN Fazenda Almas (Fig. 3d-h).
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herbivory on bean leaves. The dashed red lines represent the fit of generalized linear models with beta
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distribution and logit linkage function (see complete model statistics in Table S1). Different symbols
indicate different predictors.

Of the 180 maize cobs evaluated, 25 were attacked by invertebrates, most of them
insects; seven by vertebrates, mainly Psittaciformes known locally as gangarras; and five
by microorganisms, possibly fungi. However, the frequency of herbivory on the cobs did
not respond significantly to any analyzed local and landscape variables. The frequency of
herbivory on bean pods was higher in landscapes with less coverage of forested land, less
fragmented and more heterogeneous (Fig. 4a-c). Of the 180 pods analyzed, 67 were
attacked by invertebrates, 31 by microorganisms and 22 by vertebrates. In some cases,

more than one type of damage was observed on the same pod or cob.
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Figure 4. Effect of landscape predictors on the frequency of bean pods damaged by some biotic agent. The
dashed red lines represent the fit of generalized linear models with beta distribution and logit linkage
function (see complete model statistics in Table S1).

2.5 Discussion
We tested the hypothesis that landscape structure modulates the plant-herbivorous

insects interactions in cropland areas. Our results supported this general hypothesis,
aligning well with the results described for other regions (DUARTE et al., 2018; THIES;

TSCHARNTKE, 1999). Furthermore, our findings demonstrated that landscape scale, the
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number of patches and proportion of forest/woodland the diversity of land use and the
distance from large areas of natural cover are important predictors of herbivory levels in
maize and bean croplands. As expected, we found that landscape influence can be
different in different plant organs (i.e. leaf and fruits), likewise it can be different between
species of host plants (i.e. maize and bean). Taken together, the results reinforce the need
for a better understanding of how landscape structure influences the interaction plant-
herbivorous arthropods in agroscapes.

The herbivory levels were positively related with the size of the crop area
(although the magnitude of the damage in both studied plant species was low (2.7% on
maize and 2.9% on beans crops). Considering that in all studied landscapes the size of the
cropland was relatively small (0.1 — 1.67ha), this result is expected since previous studies
have demonstrated that cropland size has a positive effect on herbivorous arthropods
abundance in crops (Otieno et al. 2019). We speculate that this pattern can be related with
the ability of the environment on providing the service/function of regulating herbivorous
arthropods populations (N’WOUENI; GAOUE, 2022; TSCHARNTKE et al., 2012): the
larger the area of crop production, the lower the ability of the surround landscape to
control these populations.

It is well known that habitat fragmentation affects species richness and abundance
as well as intra and interspecific relations (Elzinga et al, 2005). Our data demonstrated
that in maize crops, herbivory levels decreased with the increase in the number of forested
patches (fig. 2b and 2e). On the other hand, herbivory levels on bean crops exhibited a
positive relationship with the number forested patches, being higher in more fragmentated
landscapes (fig. 3b and 3f.). Both patterns can be explained by the findings of Tscharntke
et al. (2002), that showed that landscape fragmentation on agricultural landscapes

modulates both herbivorous insects and their natural enemies’ population. How these
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populations will respond to fragmentation depends on the landscape, the management
practices and on the plant and insect species of both natural area and cropland. The
response shown by herbivory levels on bean crops can be related to the floristic
composition of the landscape, which is characterized to have a great number of
taxonomically close species, all belonging to the Fabaceae family.

The distance to the RPPN Fazenda Almas did not influence on maize herbivory
levels, however, it exerted influence on the magnitude of foliar damage on the bean crops,
this damage being higher on landscapes closer to the RPPN. This result goes against the
found in other research that showed that large, forested areas close to croplands can
reduce herbivory levels by enhancing abundance and/or richness of natural enemy species
(Duelli and Obrist, 2003). These different patterns of response found on maize and bean
crops can also be explained by the possible effects of the floristic composition. As
previously mentioned, the natural vegetation of the region is characterized for being rich
in Fabaceae family species, knowing that bean plants are included on this family, it can
share herbivorous arthropods with the natural vegetation. Thus, it is likely for the
herbivorous to supplement their diet on neighboring bean crops.

The diversity of land use exhibited a similar pattern to the exerted by the
proportion of forest/woodland. The landscape heterogeneity was positively related with
herbivory levels (frequency and magnitude) in both maize and bean crops. This result
differs from the expected pattern since most studies indicate that in more heterogeneous
landscapes the abundance and the richness of herbivorous arthropods, as well as herbivory
levels tends to be lower (Molina et al 2016; Gonzalez et al., 2017). Here, landscape
heterogeneity was measured through a diversity index, the Hill number (q=1), since there
were more anthropic land cover categories (5 of 7), we assume that a most heterogenous

landscape, in this case, represents a landscape with more diversity of anthropic land cover,
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that are known for hold low levels of biodiversity (Haines-Young 2009), affecting
negatively the ability of the environment to provide the function of population control on
herbivorous arthropods communities.

The herbivory level on bean pods presented different responses to predictors when
compared to bean leaves. While the magnitude of damage on bean leaves enhanced in
landscapes with larger forested areas and with a greater number of forested patches, the
frequency of herbivory on pods was lower on these environments. This is possibly related
to the identity of the natural enemies that attack vegetative and reproductive plant organs,
which are not the same and apparently respond differently to changes in landscape
structure. However, the response to the landscape heterogeneity followed the same
pattern displayed by the herbivory levels on beans leaves, increasing with landscape
heterogeneity. As explained before, in this study, a more heterogenous landscape means
a landscape with more anthropic land cover, explaining this trend.

In summary, our findings demonstrate that the natural ecosystems surrounding the
agroecosystems should not be ignored in the design of sustainable agricultural landscapes.
Based on our findings we propose the following general recommendations to reduce
biotic damage on agroecosystems in Caatinga drylands: (1) farming in small areas (<1
ha) as larger croplands may favor herbivory; (2) reducing the diversity of land uses by
controlling the spread of mesquite trees, locally known as algaroba, and reducing bare
soil cover; (3) in highly forested landscapes, avoiding deforestation to reduce damage on
bean legumes, though foliar damage may slightly benefit from deforestation; (4) in highly
deforested landscapes, restoring forests and woodlands in patches instead of a single stand
to protect the foliage of croplands. Giving the low magnitude of biotic damage we
observed, we argue that herbivory is not a disservice for maize and bean production in

the study region, thus the traditional subsistence practices should be maintained in
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combination with conservation strategies (see Araujo et al. 2021). In years of herbivory
outbreaks, chemical control may eventually be employed with caution to avoid economic

losses for landowners.
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Tabel S1. Supplementary information. Red cells are graphically represented in Figure 4 as part of the best

fitted model.

Maize cobs at 100-m radius

Analysis of Deviance Table (Type 1l Wald chisquare tests)

Response: freq_fruit

Chisq Df Pr(>Chisq)

crop_area  0.0517 1 0.8202

log(dist_almas) 0.1228 1  0.7260

prop_consl00 2.4782 1 0.1154

gldivi00 0.0005 1 0.9819

no_consl00 1.5011 1 0.2205

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons100 + g1div100 + no_cons100

Conditional model:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -1.64590 1.87251 -0.879 0.379

crop_area 0.15335 0.67458 0.227 0.820

log(dist_almas) 0.08823 0.25173 0.350 0.726

prop_cons100 3.03966 1.93088 1.574 0.115

gqldivi00  -0.01602 0.70670 -0.023 0.982

no_consl00 -0.27739 0.22640 -1.225 0.220

Maize cobs at 300-m radius

Analysis of Deviance Table (Type 1l Wald chisquare tests)

Response: freq_fruit

Chisq Df Pr(>Chisq)

crop_area  0.2326 1 0.6296

log(dist_almas) 0.0174 1 0.8952

prop_cons300 0.8040 1 0.3699

gqldiv300 1.2108 1 0.2712
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no_cons300 2.4572 1 0.1170

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons300 + q1div300 +

no_cons300

Conditional model:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -3.60610 2.20938 -1.632 0.103

crop_area  -0.78074 1.61900 -0.482 0.630

log(dist_almas) 0.04331 0.32872 0.132 0.895

prop_cons300 1.91430 2.13497 0.897 0.370

gqldiv300  0.70268 0.63859 1.100 0.271

no_cons300  -0.12070 0.07700 -1.567 0.117

Maize cobs at 500-m radius

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: freq_fruit

Chisq Df Pr(>Chisq)

crop_area  0.2426 1 0.6223

log(dist_almas) 0.0414 1  0.8388

prop_cons500 2.0058 1 0.1567

gldiv500  2.4909 1 0.1145

no_cons500 1.0319 1 0.3097

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons500 + q1div500 +

no_cons500

Conditional model:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -6.45804 2.77117 -2.330 0.0198 *

crop_area  -0.71220 1.44593 -0.493 0.6223

log(dist_almas) 0.05503 0.27062 0.203 0.8388

prop_cons500 3.27102 2.30960 1.416 0.1567
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gqldiv500  1.19191 0.75520 1.578 0.1145

no_cons500  -0.06282 0.06184 -1.016 0.3097

Signif. codes: 0 “****(0.001 “***0.01 “*> 0.05°.> 0.1’ 1

Bean pods at 100-m radius

Analysis of Deviance Table (Type 1l Wald chisquare tests)

Response: freq_fruit

Chisq Df Pr(>Chisq)

crop_area  0.2803 1 0.596494

log(dist_almas) 0.0302 1 0.861972

prop_cons100 1.3630 1 0.243018

gqldivi00 5.8992 1 0.015148 *

no_consl00 7.0533 1 0.007912 **

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons100 + q1div100 +

no_cons100

Conditional model:

Estimate Std. Error z value Pr(>|z|)

(Intercept) -1.10856 0.87374 -1.269 0.20453

crop_area 0.18438 0.34825 0.529 0.59649

log(dist_almas) -0.02477 0.14247 -0.174 0.86197

prop_consl00 -1.48288 1.27016 -1.168 0.24302

gldivi00  1.10397 0.45453 2.429 0.01515*

no_consl00 -0.47698 0.17960 -2.656 0.00791 **

Signif. codes: 0 “***>(0.001 “**>0.01 *** 0.05 > 0.1 “’ 1

Bean pods at 300-m radius

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: freq_fruit

Chisqg Df Pr(>Chisq)
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crop_area 05908 1 0.4421

log(dist_almas) 0.4640 1  0.4958

prop_cons300 0.6066 1 0.4361

gqldiv300 0.1236 1 0.7252

no_cons300 1.6153 1 0.2038

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons300 + q1div300 +

no_cons300

Conditional model:

Estimate Std. Error z value Pr(>|z|)

(Intercept)  0.25920 1.38263 0.188 0.851

crop_area 0.45705 0.59461 0.769 0.442

log(dist_almas) -0.10467 0.15365 -0.681 0.496

prop_cons300 -1.01318 1.30092 -0.779 0.436

g1div300  0.12501 0.35563 0.352 0.725

no_cons300  -0.05705 0.04489 -1.271 0.204

Bean pods at 500-m radius

Analysis of Deviance Table (Type Il Wald chisquare tests)

Response: freq_fruit

Chisq Df Pr(>Chisq)

crop_area  0.0361 1 0.849301

log(dist_almas) 0.4122 1 0.520864

prop_cons500 7.6141 1 0.005791 **

g1div500  5.1200 1 0.023652 *

no_cons500  7.8731 1 0.005017 **

Family: beta ( logit)

Formula: freq_fruit ~ crop_area + log(dist_almas) + prop_cons500 + q1div500 +

no_cons500

Conditional model:

Estimate Std. Error z value Pr(>|z|)
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(Intercept)  0.62144 1.40470 0.442 0.65820

crop_area  -0.07555 0.39761 -0.190 0.84930

log(dist_almas) -0.06744 0.10505 -0.642 0.52086

prop_cons500 -3.79626 1.37577 -2.759 0.00579 **

gldiv500  0.61418 0.27143 2.263 0.02365 *

no_cons500  -0.09121 0.03251 -2.806 0.00502 **

Signif. codes: 0 “****(0.001 “***0.01 “*>0.05°.>0.1 "1
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3 CONSIDERACOES FINAIS

Os resultados obtidos nesse trabalho demonstram que a estrutura local, assim
como a estrutura dos ecossistemas circundantes, deve ser considerada no planejamento
de paisagens agricolas sustentaveis para a manutencdo do servico ecossistémico de
controle dos niveis de herbivoria. Como principais fatores a serem considerados no
planejamento da paisagem agricola, podemos citar: cultivos maiores que lha podem
favorecer a herbivoria; em areas desmatadas, o reflorestamento em fragmentos pode ser
usado como estratégia pra reducdo da herbivoria foliar; em paisagens com alta cobertura
natural, evitar o desmatamento para evitar maiores niveis de herbivoria nos frutos e a
reducdo da diversidade de usos antrépicos, controlando a dispersdo de algarobas e
reducdo da &rea de solo exposto, leva a diminuigdo dos niveis de herbivoria nas folhas e
nos frutos.
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