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SAF
Saf: safa esse mundo essa dor,
farsa de fé de semente que ataca esse povo essa gente
Saf: vé se me faz um favor
planta no pasto uma flor contra monocultural semente, vocé mente!
Saf: joga bomba de amor
mate todo tipo de fome cure todo tipo de dor, faz favor!
Saf: do nascer até o poente
para de mexer com o gene, salva a gente!
Saf: afasta de mim esse calice
Eu quero que essa praga se alastre quero ver ajoelhar o dominador, dor!

Macaco Sem Pelo (FFG)
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1.1. Esclarecimento sobre a organizacao da tese

A perda massiva de diversidade bioldgica vem causando grande alarme no meio
cientifico. O chamado sexto evento de extingdo em massa possui magnitude semelhante
ao evento de extingdo em massa ocorrido no Cretaceo, com a diferenca de que as
atividades antropicas sao as principais causas do evento de extingdo no presente (Chen,
2005). Dos impactos antropicos, a destruicdo de habitat e fragmentacdo sdo
consideradas as maiores causas da perda de biodiversidade em nivel global (Primack &
Rodrigues, 2001). Por causa da magnitude dos efeitos adversos da fragmentagdo na
biodiversidade, grande parte dos esforcos de conservacdo tem sido voltada para a
compreensdo desse fendmeno sobre as espécies. Dentro do estudo dos efeitos da
fragmentacdo na biodiversidade, grande enfoque tem sido dado as respostas dos
organismos a reducédo da &rea de habitat e aumento do isolamento da mancha de habitat
que utilizam (Bissonette & Storch, 2002; Laurance et al., 2002; Nol et al., 2005; Ewers
& Didham, 2006; Lindenmayer & Fischer, 2007). Tal enfoque se baseia nas premissas
produzidas pela teoria de Biogeografia de Ilhas de MacArthur & Wilson, (1967), que
geralmente assume uma paisagem binaria composta por machas de habitat em uma
matriz de ndo habitat. No geral, tais estudos corroboram com o0s resultados de
MacArthur e Wilson ressaltando a importancia da area e isolamento para manutencgéo de
populagdes em manchas de habitat.

Entretanto, esse quase meio século de estudos sobre fragmentacdo sugere que tal
processo é muito mais complexo do que se imaginava a principio (Bissonette & Storch,
2002; Debinski & Holt, 2000; Ewers & Didham, 2006; Lindenmayer & Fischer, 2007).
Um dos principais fatores que confunde a compreensdo das consequéncias da
fragmentacdo e a relacdo espécie-area sdo 0s processos ligados a matriz de paisagem
(Ewers & Didham, 2006). A matriz, definida como 0 maior componente na paisagem
(Forman, 1995), ou 0 mosaico de unidades de "ndo habitat™" que circunda as manchas de
habitat (Metzger, 2001) é importante mediadora dos processos dos organismos que
ocupam as manchas de habitat (Ricketts, 2001; Vandermeer & Carvajal, 2001; Fischer
et al. 2005).

Os mecanismos da matriz de paisagem que afetam a dindmica de populacdes
presentes nas manchas de habitat sdo mdultiplos. A primeira hip6tese prediz que o
aumento da permeabilidade da matriz aumenta o fluxo de individuos na paisagem e as
taxas de (re)colonizacdo nos fragmentos de habitat (Perfecto & Vandermeer, 2010). A
recolonizacdo balanceia os processos de extincdo local em fragmentos permitindo a
manutencdo das populagdes no longo prazo. A descoberta de que as taxas de extin¢ao
sdo altas mesmo em grandes areas (e.g. Ferraz et al., 2005), sugere que a importancia da
conectividade para a manutencdo de populacdes habitando paisagens fragmentadas €
ainda maior.

Outra forma pela qual a matriz afeta as populagdes das manchas de habitat reside
no fato de muitos organismos utilizam a matriz adjacente como habitat suplementar para
forrageamento e reproducéo. Tal fato ja foi observado na Mata Atléantica (Goulart et al.,
2011) e no Cerrado (Tubelis et al., 2004). Finalmente a qualidade da matriz afeta o
efeito de borda e a area efetiva do fragmento para as espécies que o habitam (Kupfer et
al., 2006)

Ao mudar o enfoque do interior do fragmento de habitat para a matriz, bidlogos
da conservacdo e ecdlogos devem necessariamente compreender a dindmica ecologica
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dos manejos humanos. Dentro dessa problematica surge a discussdo sobre a matriz
agroecoldgica. Cassaman & Wood (2009) sugerem que 30% da superficie terrestre do
planeta é composta por areas agricolas, sendo que McNeely & Scherr, 2003 apontam
que 70% dos trépicos é composto por pastagens, sistemas agricolas e outros manejos
humanos. Dessa forma, em paisagens fragmentadas, é de extrema importancia que a
resposta dos organismos aos diferentes manejos da matriz seja conhecida para que
manejos menos impactantes a biodiversidades sejam propostos. Tal importancia é ainda
maior em regides com alto nivel de destruicédo e alta biodiversidade como o Cerrado e a
Mata Atlantica (Myers et al., 2000).

O presente estudo é um esforco para melhor compreender as dindmicas de aves
em paisagens fragmentadas, enfocando o efeito do manejo agricola da matriz sobre o
grupo. Tendo em vista que uma das principais hipoteses sobre a influéncia da matriz nas
dindmicas metapopulacionais se refere a permeabilidade do ambiente na dispersdo das
espécies e que existe uma grande dificuldade em medir dispersdo em vertebrados
(Holyoak et al., 2008), a modelagem torna-se necessaria para tal estudo. Tal fato se da
uma vez que a modelagem permite reunir os dados disponiveis na literatura, identificar
padrdes e simular cenarios a partir de informaces minimas.

Uma das principais limitacbes dos modelos mateméticos na Ecologia é a
imprecisdo causada pela falta de dados bioldgicos basicos de alta qualidade (Ellner et
al., 2002). Tal imprecisdo e ainda maior quando os modelos dependem de dados de
movimentacdo animal (Koenig et al., 1996; Holyoak et al., 2008), uma vez que nos
trépicos tais informagdes sdo desconhecidas e 0s poucos dados existentes séo
imprecisos e até mesmo contraditorios (Marini, 2010). Além disso, existem outros
problemas relacionados a utilizacdo de modelos na Ecologia como o fato de muitas
equacbes serem insollveis analiticamente excedendo a capacidade de bons
computadores e mesmo quando estas sdo solucionadas, os resultados sdo expressos em
coeficientes de pouco significado bioldgico (Levins, 1966).

Frente a tais limitacOes, Levins (1966) sugere a adocdo de varias estratégias:

1) Sacrificar generalidade em detrimento do realismo e precisdo. Envolve a reducao
dos parametros para aqueles que sédo importantes no comportamento do organismo em
questdo. Isso permite fazer predicdes testaveis utilizando medidas acuradas. Tal tradicdo
é geralmente adotada por ictiélogos e cientistas ligados aos recursos pesqueiros.

2) Sacrificar realismo em detrimento da precisdo e generalidade. Essa tradicdo se
utiliza de equacdes claramente irrealistas para a obtencdo de resultados precisos. Isso é
feito assumindo que pressupostos irreais irdo cancelar uns aos outros e que pequenos
desvios da realidade levardo a pequenos desvios nas conclusdes. A partir da preciséo,
essa tradicdo almeja o aumento do realismo.

3) Sacrificar precisdo em detrimento do realismo e generalismo. Esse enfoque é
utilizado pelo proprio Levins e outros autores (e.g. MacArthur & Levins, 1964). Uma
vez que tais autores estdo mais preocupados com as dinamicas qualitativas ao longo
prazo do que resultados quantitativos precisos, tais modelos possuem grande
flexibilidade, geralmente gréficos, assumindo funcbes que estdo crescendo ou
decrescendo, concavas ou convexas, maior ou menor que determinado valor. Apesar
disso, até mesmo os modelos mais flexiveis possuem pressupostos artificiais.
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O presente estudo optou pelas estratégias 2 e 3 para contornar 0s problemas
relacionados a imprecisdo dos dados de entrada disponiveis para o0 modelar questfes
referentes ao manejo da matriz. O capitulo 1 propSe um modelo diagramético para
compreender as relacBes entre isolamento de fragmentos florestais e a efetividade da
restauracdo da matriz para a conectividade funcional de quatro espécies de passaros em
paisagens da Mata Atlantica. O capitulo também testa os resultados obtidos no modelo
tedrico por meio de um modelo espacialmente explicito. Esse capitulo se utiliza da
abordagem de modelagem 2, de acordo com as categorias sugeridas por Levins (1966).
Nele, buscou-se utilizar de equacBes que empregam varios pressupostos para obtencao
resultados precisos.

Os capitulos 2 e 3 utilizam-se da estratégia 3, buscando uma abordagem mais
ampla e sistémica na qual os resultados qualitativos de longo prazo sdao mais valorizados
em detrimento da precisdo. Ambos os capitulos utilizam a modelagem qualitativa, um
método de raciocinio ndo numérico desenvolvido para situacdes em que os dados
possuem baixa resolucdo (Forbus, 1984). O capitulo 2 prevé-se a influéncia da
intensificacdo da matriz agricola na dindmica de quatros espécies (as mesmas tratadas
no capitulo 1) em paisagens fragmentadas da Mata Atlantica. O capitulo 3 simula a
influéncia da intensificacdo da matriz agricola em comunidades de aves que ocupam um
mosaico de floresta e cerrado. Adicionalmente, a introdugdo geral situa a discussao
agroecoldgica e faz uma revisdo dos impactos diferentes sistemas agricolas na
biodiversidade e ecossistemas.

A sequencia dos capitulos segue uma ordem hierdrquica de niveis de
complexidade de organizacdo ecoldgica. No capitulo 1 modelou-se a dispersdo no nivel
individual, o capitulo 2 se refere ao nivel populacional e o 3 se refere ao nivel
comunitario.

De acordo com Levins (1966), todas as estratégias possuem suas vantagens e
desvantagens, sendo que ndo existe um paradigma que seja mais adequado do que o
outro. Por outro lado, o autor sugere a utilizacdo de varios modelos, que vdo da
generalidade até a particularidade. A presente tese é um esforco de associacdo de
diferentes abordagens de modelagem ecoldgica. O autor também sugere a utilizacdo de
modelos agrupados (clusters) que podem se sobrepor ou se complementar. A
modelagem composicional (Falkenhainer & Forbus, 1991) utilizada nos capitulos 2 e 3
utiliza necessariamente agrupamento de modelos, no qual fragmentos de modelos sé&o
acionados pela engrenagem de simulacdo. O fato do capitulo 1 e 2 tratarem de dindmica
metapopulacional utilizando dois métodos distintos (modelagem quantitativa no
capitulo 1 e qualitativa no capitulo 2), também mostra um esforco de sobrepor
abordagens distintas sobre 0 mesmo aspecto ecoldgico para a melhor compreensdo dos
mesmos.

Boa leitura.
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2. INTRODUCAO GERAL

2.1 Sistemas agricolas e a conservacdo da biodiversidade nos tropicos

Um quarto da superficie terrestre € composta de sistemas culturais, enquanto nos
tropicos, 70% €& composto por pastagens, agricultura, ou uma mistura de paisagens
manejadas (McNeely & Scherr, 2003; Cassman & Wood, 2005). A agricultura é uma
das praticas humanas que mais impactam biodiversidade em nivel mundial. Apesar
desses fatos, ha provas suficientes que os sistemas antropogénicos manejados com
principios agroecologicos podem abrigar altos niveis de biodiversidade (Perfecto et al.,
1996; Faria et al., 2006), podem contribuir para a manutencao dos servigos ambientais,
bem como ter menor dependéncia de insumos externos (Altieri, 1995). Por conseguinte,
existe uma grande variedade de estratégias de manejos agricola e estes diferem
grandemente do seu efeito sobre a biodiversidade.

Nos dias de hoje, os sistemas agroflorestais cobrem mais de 16 milhdes de
hectares e envolvem 1,2 bilhdes de pessoas em todo o mundo (IAASTD, 2009).
Cultivos de cacau agroflorestal (Faria et al., 2007), café sombreado (Perfecto et al.
1996), e quintais agroflorestais (Goulart et al., 2011) sdo exemplos de sistemas agricolas
que retém parte da estrutura do habitat natural e propriedades dos ecossistemas,
proporcionando abrigo para uma fauna e flora ricas e diversificadas, incluindo espécies
endémicas e ameacadas. Por outro lado, sistemas de producdo intensiva, tais como
pastagens e plantacbes monoespecificas extensas, abrigam baixos niveis de
biodiversidade e dificultam o fluxo bioldgico na paisagem.

De forma geral, dados de biodiversidade em sistemas agricolas sugerem que
guanto maior o grau de intensificacdo do cultivo, menor € a capacidade do mesmo em
manter a biodiversidade. Sistemas agricolas intensivos sdo aqueles que sdo submetidos
a um alto grau de importacdo e exportacdo de matéria/energia, sendo que praticas
intensivas envolvem a reducdo da heterogeneidade temporal-espacial e o aumento de
fertilizantes, agrotoxicos, grau de mecanizacdo e irrigacao.

2.3. Fome e conservagao nos tropicos

A reducdo da fome e a conservacdo da biodiversidade podem ser consideradas
um dos principais desafios da humanidade no presente século. Dos dois milhdes de
especies formalmente descritas em todo o mundo, entre 12% e 52% estdo incluidos na
Lista Vermelha das Espécies Ameacadas (Mace et al., 2005). Por exemplo, 119 das 273
espéecies de tartarugas do mundo estdo ameacadas e 1.063 das 4.735 espécies de
mamiferos estdo também ameacadas (Mace et al., 2005). Ao mesmo tempo, resolver o
problema da fome é outro grande desafio da humanidade. A Producdo mundial de
alimentos aumentou 168% nos Gltimos 42 anos. No entanto, ha grande desigualdade na
distribuicdo destes alimentos. Somente entre 2000 e 2002, 852 milhdes de pessoas
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sofreram de desnutri¢do (96% nos paises em subdesenvolvimento). Embora a perda de
biodiversidade e a fome sejam problemas globais, em nenhum lugar esses problemas
sdo mais agudos do que na regido tropical. Existe um padréo claro na distribuicdo da
biodiversidade em funcdo da latitude, sendo que quanto mais proximo ao Equador,
maior o nimero de espécies. Nas regides Afrotropicais e a Neotropicais, encontram-se
49% das aves, 63% dos anfibios e 45% das espécies de mamiferos do mundo (Mace et
al., 2005). Apenas na regido Neotropical, mais de 10.000 espécies de vertebrados séo
encontradas (Mace et al., 2005). Como consequéncia desse padrdo, a maioria dos sitios
mundiais prioritarios para a conservacdo da biodiversidade esta concentrada na regiéo
tropical (Myers et al. 2000). Por outro lado, o problema da fome é também mais intenso
nos tropicos, onde a maioria dos paises subdesenvolvidos esta situada. O Sul Asiatico
sozinho possui 60% das pessoas subnutridas do mundo, a Africa Subsaariana também
apresenta niveis elevados de fome. Na Republica Democréatica do Congo, mais de 60%
da populacdo € incapaz de adquirir calorias suficientes para satisfazer as suas
necessidades diérias. Na india, um dos paises mais populosos, este valor é de 30 a 40%
(IAASTD, 2009).

Devido ao alto nivel de diversidade bioldgica, e a grande incidéncia fome,
espera-se que a sinergia ou o antagonismo eentre biodiversidade e agricultura seja
exacerbado nos trdpicos. Portanto, discussdes cientificas e politicas sobre conservacdo
da biodiversidade reducdo da fome em nivel mundial, devem necessariamente enfatizar
a regido tropical.

2.4. Mitos e fatos sobre a conservacao e a producao agricola

Ecologos e bidlogos da conservacdo tém centrado o seus trabalhos
principalmente em habitats "intocados™” (Pimentel et al., 1992; Perfecto & Vandermeer,
2008; Goulart et al., 2009). Utiliza-se o presuposto de que ecossistemas modificados por
seres humanos tém importancia nula ou muito reduzida para a conservacao, e que 0S
esforcos de conservagdo devem se concentrar no estabelecimento de reservas sem
influéncias humanas, no intuito de evitar a perda de espécies. O que alguns ec6logos e
bilogos de conservacdo ignoraram é o fato de que, mesmo lugares supostamente
"virgens" podem ter um grau moderado de intervencdo humana (Noble & Dirzo, 1997).
Habitats antropizados variam muito em sua qualidade para a biodiversidade e
manutencdo das propriedades dos ecossistemas. No habitat natural, a biodiversidade
esta muitas vezes limitada a manchas de habitats inseridas em uma matriz
antropogénica, que pode servir como um duto ou barreira para 0 movimento de
espécies. Tendo em vista que a conectividade € necessaria para a manutengdo a longo
prazo das espécies em paisagens fragmentadas (Taylor et al., 1993), 0 manejo da matriz
afeta grandemente a biodiversidade em manchas de habitat naturais (Vandermeer &
Carvajal, 2001; Antongiovanni & Metzger, 2005). Finalmente, as atividades humanas
podem chegar muito além dos ambientes antropizados, provocando alteracdes em varios
processos regionais, afetando portanto os ecossistemas e a biodiversidade em escalas
maiores

Paralelamente, as ciéncias agricolas raramente sdo conscientes do efeito do
manejo sobre os padrbes ecologicos que ocorrem nos agroecosistemas e paisagens. O
inverso também é verdadeiro: ndo se tem conhecimento de como os padrdes ecoldgicos
que ocorrem no agroecossistema e da paisagem afetam a producdo agricola. O
agronegocio, e cientistas agricolas em geral, ttm como objetivo alcangar 0 méaximo da
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producdo agricola. Ha& um pressuposto implicito de que a perda dos servicos dos
ecossistemas sera superada pelos avancos biotecnoldgicos. E comum o pensamento de
que, por exemplo, se o clima est4d mais seco devido as alteracdes climatéricas, culturas
resistentes serdo desenvolvidas através de métodos de engenharia genética; que se 0
solo esta lixiviado, quantidades mais elevadas de fertilizantes podem ser aplicadas, e
assim por diante.

2.5. Biodiversidade e agricultura: balanco ou sinergia?

Como conservar a biodiversidade e atender & crescente demanda mundial por
alimentos? Green e colaboradores (2005) desenvolveram um modelo tedrico que
relaciona a &rea agricola, &rea natural (set-asside), tipo de manejo e densidade de
determinada espécie nos diferentes manejos agricolas e na area natural. O trabalho
mostrou que o fato de sistemas agricolas intensivos produzirem mais, poderia levar a
ndo expansdo da area agricola por atingir a meta de producdo em uma area menor do
que manejos ndo intensivos com menor produtividade. Dessa forma, o aumento da
produtividade poderia "economizar areas naturais”, reduzindo o desmantamento e
contribuindo para a conservacdo de espécies mais sensiveis a fragmentacdo. Essa teoria
foi chamada de Economia de Terras (Land Sparing - Green et al. 2005), Modelo de
Transigdo Florestal (Forest Transition Model - Perfecto & Vandermeer, 2011), ou
Hipdtese de Bourlaug (Grainger, 2009). A colonizagédo europeia no leste da America do
Norte, por exemplo, foi acompanhada por uma enorme onda de desmatamento para da
espaco para atividades agricolas. Depois disso, a industrializacdo e a urbanizagdo
levaram ao éxodo rural e abandono das areas agricolas, o que ocasionou a expansao das
florestas.

Apesar disso, 0 modelo de Economia de Terra tem sido criticado por muitos
bidlogos da conservacdo que questionam a aplicabilidade desse modelo. Tal paradigma
é chamado Agricultura ecoldgica (Biodiversity friendly farming - Green et al. 2005)
Compartilhamento de Terras (Land Sharing - Phalan et al. 2012). De acordo com essa
visdo, sistemas ndo intensivos sdo mais benéficos para a biodiversidade na area agricola
(Benton 2003: Perfecto et al. 1996), bem como para biodiversidade na escala da
paisagem, uma vez que aumenta a conectividade para popula¢fes que usam manchas de
habitat inseridas em uma matriz agricola. A Economia de Terras também tem sido
criticada por estabelecer um balanco entre produtividade e area agricola, assumindo
existir uma meta de produtividade para determinada paisagem. Dessa forma, essa viséo
assume que a producdo de alimento € um bem comum e ndo uma mercadoria,
contrariando principios econdémicos basicos sejam eles baseados na Teoria Econémica
Neocléssica, Marxista ou Ecoldgica (Boucher 2012).

Se a Economia de Terras estivesse correta, esperaria-se que a produtividade per
capita deveria afetar negativamente as taxas de desmatamento. Como a agricultura é
hoje uma atividade que ocorre em nivel global (a soja plantada no Cerrado utilizando
fertilizantes produzidos a partir de petroleo extraido de pocos do Oriente Médio podera
estar na China em poucas semanas), a Unica forma de testar tdo padréo seria uma analise
mundial desses padrdes. Em um Unico estudo sobre o assunto, Ewers et al. (2009),
verificam que néo existe relagdo entre as duas variaveis. Em um estudo na América do
Sul, Angelsen e Kaimowitz (2001) analisaram 17 casos na regido tropical incluindo
Asia, Africa e America Latina. Destes casos, 12 mostraram que existe uma relagéo entre
produtividade por area e desmatamento, nove mostraram um aumento da 4area
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desmatada com a intensificacdo da agricultura. Trés casos mostraram que o0
desmatamento pode aumentar ou reduzir em funcdo da intensificacdo dependendo da
circunstancia e trés casos mostraram uma reducdo da area desmatada em funcdo do
aumento da produtividade.

Mais recentemente Ben Phalan e colaboradores (2011) analizaram a resposta de
arvores e aves em sistemas agricolas de diferentes intensidades de manejo com
diferentes niveis de produtividade e concluiram que, considerendo um balango entre
area cultivada e produtividade (pressupostos da Economia de Terras), 0 modelo de
Economia de Terras deveria levar a conservacdo dos grupos mais sensiveis mais
eficientemente do que o modelo de Compartilnamento de Terras.

Vaérios trabalhos foram publicados sobre o assunto em periodicos de alto
impacto, sendo que o quadro 1 mostra uma compilacdo dos principais estudos no que se
refere a aboradagens teoricas, quadro 2 se refere a trabalhos que comparam a resposta
da biodiversidade em diferentes sisitemas agricolas e o quadro 3 se refere a trabalhos
sobre a relagéo entre produtividade e taxa de desmatamento.

Quadro 1: Trabalhos tedricos recentes relacionados a discussdo entre a a Economia e
Compartilhamento de Terras em periodicos de alto impacto:

Autores/ ano Principais achados Periddico
Green et al., Elaboragdo do modelo teérico da Economia de Terras. Para Sci.
2005 atender a demanda por alimento o aumento da produtividade

através da intensificacdo agricola o0 modelo mais eficiénte é a
Economia de Terras, uma vez que as espécies de importancia
para conservagdo ocorrem em uma abundancia muito baixa ou
ndo ocorrem em ambientes agricolas. Os autores citam a
quantidade de subsidios dados aos agricultores europeus para
gue nos manejos nao intensivos sejam lucrativos.

Vandermeer &  Criticas ao modelo elaborado por Green: Sci.
Perfecto,
-ndo menc¢do dos subsidios a agricultura intensiva atingindo
2005 guantias muito superiores aos subsidios destinados a agricultura
intensiva

- impactos da area cultivada pela agricultura intensiva em areas
naturais desconsideradas pelo modelo

- pressuposto de que a agricultura ndo intensiva produz menos
do que agricultura intensiva

- Mito da natureza intocada: ignora o fato de que o ambiente
natural esta sujeito a interveng¢bes humanas

- 0 modelo ignora a configuracdo paisagistica real em que
dindmicas metapopulacionais e metacomunitarias ocorrem

- seguranca alimentar é mais importante do que produtividade

Matson & As externalidades e os impactos ecossitemicos da agricultura
Vitousek, 2005  intensiva ndo foram considerados pelo modelo proposto por
Green (2005).

Fischer et al., O Compartilhamento e Economia de Terras possuem diferentes  Fron. Ecol.



2008

Perfecto &
Vandermeer,

2010

Basset, 2010

Godfray, 2011

Fischer et al.,

2011

Balmford et al.,
2012

Tscharntke et
al., 2012

enfoques paradigmaticos e tedricos. A granulometria de Environ.

conservacao (grau de importancia bioldgica do pixel, tamanho
do pixel e grau com que o pixel contrasta com a paisagem) é
fundamental para compreensdo da eficiéncia de cada tipo de
manejo.

Nos trépicos, os dados empiricos e as teorias ecoldgicas,
econdmicas e sociais apontam para uma maior eficiéncia do
Land Sharing para conservar biodiversidade e garantir
seguranca alimentar.

O modelo agroecoldgico € mais eficiente para geracdo de PNAS
seguranca alimentar.

O trabalho de Phalan et al. (2011) possui um namero reduzido Sci.
de taxons e ndo leva em consideracdo dinamicas
metapopulacionais. Em paisagens savanicas ou campestres,
sistemas agricolas de baixa intensidade pode se assemelhar aos
ambientes  nativos,  favorecendo a  eficiéncia  do
Compartilhamento de Terras.

O trabalho de Phalan (2011) ignora a complexidade sociais e Sci.
ecoldgicas, que incluem a dinamica agrérias, a dependéncia da
populagdo pobre dos servicos ecossitemicos e a falta de
confianca na governancia de areas protegidas.

O que os conservacionistas precisam saber sobre producdo de Proc R.
alimento: Soc. B

-entender a demanda

-quais cultivares ocupam maior area

-quantificar balancos e sinergias entre produgéo e conservacgao
- verificar a eficiéncia dos manejos agricolas

- integrar conservacéo e politicas agricolas

-relagdo inversa entre produtividade e tamanho do cultivo
mostra que grandes monocultivos intensivos sdo improdutivos

- seguranca alimentar independe do conflito Economia
Compartilhamento de Terras

- um ter¢o da producdo mundial de alimento é desperdicado

- servigos ecossistemicos ndo podem ser ignorados como tem
sido feito pela Economia de Terras
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Quadro 2: Trabalhos recentes sobre a resposta da biodiversidade e produtividade dos
sistemas agricolas relacionados a discusséo entre a a Economia e Compartilhnamento de
Terras em periddicos de alto impacto:

Autores/ ano Tipo/Grupo Principais achados Periddico
taxonémico/
escala- local

Perfecto et al., Empirico/ Aves, Borboletas mostrou uma relacdo riqueza - Ecol.
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2005

Phalan et al.,
2011

Ramirez &
Simonetti,

2011

Wright et al.
2011

Clough et al.,
2011

Quinn et al.,
2012

Formigas,
borboletas/
Sistemas de café
do México

Empirico/Aves
Arvores/ Gana
India

Revisdo
mamiferos/

Global

Revisdo/ aves
ameacadas/

Global

Empirico/aves,
epifitas, formigas,
herpetofauna,
aranhas, fungos,
endofiticos,
borboletas - aves /
sistemas de cacau
da Indonésia

Empirico/ Aves
campestres/EUA

produtividade concava, por outro lado, as formigas
mostraram um padrdo céncavo.

Existe uma perda expressiva de biodiversidade
mesmo nos sistemas nao intensivos. Dessa forma, a
Economia de Terras é mais eficiénte.

Sistemas agricolas ndo podem substituir florestas
para a conservacdo de mamiferos, mas este Ultimo
ambiente é por si sd, incapaz de conservar a
mastofauna nas condi¢des atuais de fragmentacao.
Sistemas agricolas heterogéneos e complexos sdo
importantes para conservacao dos mamiferos.

Muitas aves globalmente ameacadas utilizam os
sistemas agricolas como habitat suplementar ou
durante eventos de dispers&o.

Sistemas agricolas sdo de extrema importancia para
a conservacdo da avifauna corroborando com o
Compartilhamento de Terras.

N&o existe uma relacdo entre biodiversidade e
produtividade do sistema, uma vez que altos niveis
de produtividade podem se sobrepor a grande
quantidade de biodiversidade

A escala com que as estratégias sdo importantes e
diferentes espécies respondem a diferentes escalas.

Econom.

Sci.

J. Nat.
Conserv.

Conserv.
Lett.

PNAS

Agric.
Econsyst.
Environ.

Quadro 3: Trabalhos recentes sobre intensificacdo agricola ou mudanca na
produtividade e taxas de desmatamentos relacionados a discussdo entre a a Economia e
Compartilhamento de Terras m periodicos de alto impacto:

Autor/data Escala /Local — Principais achados Periddico
Bioma
Angelesen & Continental/ Do total de 17 casos, em nove situagbes a Livro
Kaimowitz,  Trdpicos intensificacdo da agricultura aumentou o
2001 desmatamento e em trés houve a diminui¢do do
desmatamento.
Morton et Regional/ Amazbnia O aumento da produtividade através da PNAS
al., 2006 — Brasil agricultura intensiva leva a perda de floresta.
Ewersetal.,, Global N&o existe relagéo entre produtividade per capita Glob. Chang.
2009 das 23 espécies mais energeticamente Biol.
importantes e taxa de desmatamento,
guestionando a validade da Economia de Terras
Grau et al., Regional/ Chaco — No leste, incentivos governamentais para a Glob. Chang.

agricultura levou a um aumento da populagdo




20

2008 Argentino rural, mas a producdo de alimentos é baixa e a Biol.
degradacdo de floresta é extensa. Na regido oeste
a agricultura intensiva levou a reducdo da area de
pastagem, sugerindo que a Economia de Terras é
mais efetiva.

Gibbs, 2012  Regional/Amazonia  Sistemas monoculturais de dleo de palmeiras de Env. Res.
Perl alta produtividade leva a perda de floresta Lett.

2.6. Inseguranca alimentar nos tropicos

Um argumento comum, no qual a maximizagdo de rendimento baseia-se, € a
questdo da pobreza e combate a fome. As ideias mais aceitas sdo de que manejos
agricolas devem aumentar a producdo a qualquer custo, baseado no argumento de
combate a fome, e que os esforcos de conservagdo, apesar de serem relevantes para a
sociedade, ndo devem impedir que a producdo de alimentos aumente. Diante desses
argumentos persuasivos, a conservacdo bioldgica é considerada com menor prioridade
do que setores produtivistas na tomada de decisao politica.

A Figura 1A. mostra que, em niveis globais, a producdo de alimentos tem sido
cada vez mais acentuada desde os anos 60 (Wood & Ehui, 2005). A producdo de
alimentos per capita também tem aumentado, embora a taxas menores, e 0s pre¢os dos
alimentos tém diminuido com alguma oscilagdo. Finalmente, o numero de pessoas
subnutridas estevem em queda até meados de 1990, quando comecou a aumentar
repentinamente. Portanto, em nivel mundial (no qual o agronegdcio opera), 0 aumento
na producdo de alimentos per capita por si s6 ndo garante a reducdo da fome. Assim,
mesmo desconsiderando as questfes de conservacdo, o argumento de que a producao
alimentar deve aumentar para reduzir a fome, mesmo que as politicas de conservacgédo
sejam ignoradas, € uma falacia e possui uma base cientifica altamente enviesada. Na
atual discussao sobre a mudanca do Codigo Florestal Brasileiro o argumento da reducéo
da fome tem sido grandemente utilizado pelos setores ruralistas.
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Figura 1: (A) Tendéncias dos principais indicadores da produgdo mundial de alimentos
1961-2002 (Levy et al., 2005). (B) Propor¢édo da populagcdo com sobrepeso nos altimos
anos em alguns paises (OECD, 2012).
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Usando os conceitos ecoldgicos basicos, tais como o de teias troficas, é possivel
maximizar a quantidade de alimentos, adquirindo héabitos alimentares que utilizem uma
dieta mais centrada em niveis mais baixos da pirdmide tréfica. Ao alterar os nossos
habitos alimentares, de forma a consumir mais vegetais € menos proteina de origem
animal, a quantidade de alimentos per capita deve aumentar. Portanto, & mais razoavel
utilizar a producéo de alimentos presente de uma forma mais racional do que substituir
habitats naturais por cultivos, ou aumentar a produtividade ao custo da perda de
biodiversidade nos agroecossistemas. Outra questdo importante que surge do problema
da fome € a da distribuicdo de alimentos. De 1980 a 2000, o nimero de adultos obesos
duplicou nos Estados Unidos (Bessesen, 2008), e triplicou no Reino Unido (Kopelman
et al., 2005). A obesidade esta crescendo em todo 0 mundo e afeta principalmente os
paises de alta renda, mas também é uma epidemia de muitos paises de baixa renda. Por
exemplo, em algumas cidades da China, 20% da populacéo esta acima do peso (WHO,
2005a). Em alguns paises da Africa, América Latina, Asia e do Pacifico ha uma
epidemia conjunta de doencas causadas pela obesidade e desnutricdo. Figura 1.B mostra
a proporc¢ao da populagdo que esta acima do peso nos ultimos anos em alguns paises.

Outro aspecto incorreto da Teoria de Economia de Terras € que ela ndo leva em
conta alguns aspectos importantes politicos e sociais. Por exemplo, a populacdo pobre
rural compreende 80% das pessoas que passam fome em todo o mundo (IAASTD,
2009), e qualquer gestdo que aborde a questdo da fome deve, portanto, incidir sobre os
agricultores pobres. Estudos realizados no Brasil (Guanziroli, 2001), América Central
(Flynn et al., 2009) e India (Shiva et al., 2002) mostraram que a intensificagio da
agricultura conduz a grandes desastres sociais. No Brasil, a intensificacdo da agricultura
levou a um aumento, ou a manutencdo, dos niveis de pobreza rural, e a um aumento
dréstico da pobreza nas cidades. Tal processo reduziu a demanda de trabalho
prematuramente, os precos da terra foram inflacionados, expulsando os pequenos
proprietarios de suas terras (Guanziroli, 2001). Em Andra Pradesh, na india, 16.000
agricultores cometeram suicidio entre 1995 e 1997, principalmente devido a perda dos
cultivos. Tal fato foi causado pela conversdo de sistemas agricolas tradicionais em
monoculturas de uma variedade de algoddo de alto rendimento, altamente dependente
de insumos externos (Shiva et al. 2002). Dessa forma, a suposicdo de que a
intensificacdo da agricultura pode resolver o problema da fome e da pobreza € ingénua.
Além disso, a ideia de que a agricultura em grande escala produz mais do que em
escalas menores é errada para a maioria dos paises (Rosset et al., 1999), como ¢ a ideia
de que sistemas organicos geralmente s&o menos produtivos do que 0s convencionais
(Stanhill, 1990; Badgley & Perfecto, 2007).

2.7. Agricultura e conservagéo da biodiversidade

Grande parte da superficie terrestre é composta por algum tipo de
agroecossistema, ou possui manchas de habitat natural incorporadas em uma matriz
agricola. Nos ultimos 40 anos, a maioria dessas paisagens agricolas passou por
mudangas profundas em praticas na agricultura, que afetou negativamente a
biodiversidade (Krebs et al., 1999; Benton et al., 2003; Chamberlain et al., 2000;), bem
como a dinamica de metapopulagdes de espécies que habitam os manchas inseridas em
uma matriz de agricultura (Donald & Evans, 2006; Perfecto & Vandermeer, 2008,
2010). A "Intensificacdo agricola™ é o termo genérico dado as mudancgas nas praticas
agricolas que comecaram apos a Revolugdo Verde. A intensificacdo inclui sistemas
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defensivos, irrigacdo, maquinas, um aumento no tamanho da propriedade, e uma
diminuicdo da heterogeneidade espacial e temporal (Benton et al., 2003). Em relagédo a
agricultura e biodiversidade, é importante distinguir entre "a biodiversidade planejada”
ou "agrobiodiversidade”, que sdo as atividades baseadas no uso de espécies
intencionalmente introduzidas nos sistemas agricolas para a produgdo, da
"biodiversidade associada”, definida como os componentes bioldgicos que existem nos
sistemas agricolas sem terem sido ativamente introduzidos (Perfecto et al., 2005). Do
ponto de vista ecoldgico, é também atil para distinguir a biodiversidade associada, que
habita a agroecosistema (que se alimenta, reproduz e poleiros no mesmo) de espécies
que utilizam a matriz agricola simplesmente para dispers&o.

A intensificacdo da agricultura conduz a um declinio da biodiversidade no nivel
de espécie, pela conversdo de sistemas de policultivos em monoculturas, mas também
ao nivel genético que a substituicdo de mais diversas variedades tradicionais cultivadas
para variedades de alto rendimento (Altieri & Merrick, 1987; Wood & Lenne, 1997).
Isso causou a extin¢do de muitas variedades tradicionais em todo o mundo, levando a
homogeneizacdo dos cultivos no nivel genético. Tendo em vista que as variedades
tradicionais passaram por séculos ou até milénios de adaptacao e selecdo, muitas dessas
sdo bem mais adaptaveis e menos exigentes em termos de insumos externos do que 0s
modernos.

Além disso, a intensificacdo agricola leva ao uso generalizado de pesticidas, que
causam a perda de biodiversidade pelo envenenamento direto. O livro Primavera
Silenciosa, de Rachel Carson (Carson, 1962), foi pioneiro na causa ambiental, e
descreve o efeito de pesticidas em aves. Os pesticidas aumentam o risco de quebra dos
ovos, reduzindo a espessura da casca de ovo (Ratcliffe, 1970; Mellink, Riojas-Lopez, &
Luévano-Esparza, 2009). Eles também causam alteracdes na atividade cerebral das aves
(Bushy et al., 1983). Consequentemente, os pesticidas podem ndo sé causar o declinio
da populacdo de aves que habitam agroecossistemas, mas também podem afetar
negativamente espécies que habitam areas florestais adjacentes (Cooper et al., 1990). A
exposicao aos pesticidas associada a infecgcdo de trematddeos pode causar deformidades
morfologicas em anfibios (Mellink et al., 2009). Outras espécies de vertebrados
negativamente afetada por pesticidas sdo os seres humanos. A OMS (WHO, 2005)
estima que 220.000 pessoas morrem anualmente por causa de intoxicagdes néo
intencionais por agrotdxicos. A maioria dos casos ocorre em paises subdesenvolvidos,
onde o conhecimento dos riscos a saude e a utilizacdo segura de pesticidas sdo limitados
(IAASTD, 2009).

Outro efeito da intensificacdo agricola sobre a biodiversidade é a perda de
heterogeneidade espacial e temporal que parece ser a principal causa de declinio da
biodiversidade associada em todo o mundo (Benton et al., 2003). Estudos realizados em
paisagens "naturais" sugerem que a heterogeneidade espacial aumenta o nimero de
nichos possiveis num determinado habitat (MacArthur & MacArthur, 1961), bem como
a possibilidade de coexisténcia das especies que compartilham o mesmo nicho (Begon
et al., 1996). A heterogeneidade também aumenta a chance de coexisténcia dos predares
e presas (Paine, 1969). Taxas de predacao de ninhos de aves em ambientes homogéneos
sdo mais elevados do que nos habitats heterogéneos (Bowman & Harris, 1980; Benton
et al., 2003). Alem disso, a heterogeneidade pode afetar a percepcdo de risco para
espécies de aves, de modo que mesmo se ndo houver real pressdo de predacdo (por
exemplo, porque a abundancia de predadores topo foi reduzida devido a alteragéo do
habitat), as aves ndo vao se estabelecer em habitats homogéneos, onde o risco percebido
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é alto (Whittingham & Evans, 2004; Lima & Valone, 1991). Portanto, a intensificagao
da agricultura, por afetar a pressdo de predacdo via homogeneizacdo do habitat,
reduzindo drasticamente a diversidade de aves associadas a habitats agricolas
(Whittingham & Evans, 2004; Lima & Valone, 1991).

Para os animais que dispersam através da matriz agricola, a heterogeneidade
pode aumentar a permeabilidade da matriz do fluxo de espécies, reduzindo a (re)
colonizagdo em manchas em paisagens agricolas (Perfecto and VVandermeer, 2008). No
caso dos passaros da floresta, os individuos enfrentam grande risco real e percebido,
quando dispersam em ambientes abertos (Desrochers & Hannon, 1997), o que sugere
que a intensificacdo da matriz agricola pode reduzir as taxas de dispersdo de aves.
Assim, a agricultura de intensificacdo leva a uma perda de heterogeneidade temporal e
espacial entre as areas agricolas e regifes por meio da homogeneizacdo das praticas
agricolas (Benton et al., 2003). A heterogeneidade ¢ um conceito chave na agroecologia,
e pode ir além da esfera bioldgica, atingindo aspectos importantes em esferas sociais,
tais como a cultural (diversidade de préticas agricolas e conhecimentos na comunidade),
de género (participacdo da mulher em atividades agricolas) e individual (niveis
individuais de empoderamento das comunidades rurais). Assim, a heterogeneidade deve
ser uma bandeira no manejo de paisagens agricolas.

A seguir, sdo mostrados exemplos de praticas agricolas na regido tropical que
mantém alto grau de biodiversidade, destacando os efeitos da intensificagdo agricola
sobre a biodiversidade e sistemas agroflorestais de cacau (Fig. 2.A), café (Fig. 2.B) e
quintais agroflorestais (Fig. 2.C).

Figura 2: Sistemas agroflorestais altamente diversificadas na Mata Atlantica brasileira.
Figura 2.A é um cultivo agroflorestal de cacau (cabruca), no sul do estado da Bahia;
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Fig. 2.B é um sistema agroflorestal tradicional de café na regido sudeste no estado de
Minas Gerais; e Fig. 2. C € um quintal agroflorestal no sudeste do estado de S&o Paulo.
Fotos por F.F. Goulart.

2.9. Agroflorestas cacaueiras

Os sistemas de plantio de cacau combreado sdo os sistemas agroflorestais com
maior area no mundo, totalizando sete milhGes de hectares (IAASTD, 2009). O cacau é
plantado sob o dossel em muitos paises tropicais, como a Indonésia (Clough et al.
2009), Costa Rica (Reitsma et al., 2001), México (Greenberg et al., 2000), Camardes
(Sonwa et al., 2007) e Brasil. A cabruca é o nome de cultivos tradicionais rasticos de
cacau no estado da Bahia. O sistema envolve o cacau crescendo sob o dossel da Mata
Atlantica nativa. Na década de 1960, o governo militar brasileiro implementou uma
politica para promover a intensificagdo da cabruca no intuito de aumentar a producdo. O
programa incluiu a diminuicdo da sombra de maneira a reduzir a incidéncia do fungo
vassoura-de-bruxa (Moniliophthora perniciosa), uma praga de cacau responsavel pelo
colapso da produtividade na regido. Alem disso, o uso de fertilizantes e pesticidas foi
sugerido, devido a um aumento nas pragas de insetos na estratégia de manejo de pouca
sombra.

O governo concedeu créditos aos agricultores para que parte da cobertura de
arvores fosse removida do sistema. Isto envolveu o uso de arboricidas, a fim de facilitar
a "desmatamento™ da cabruca sombreada. Felizmente, muitos agricultores ndo adotaram
0 programa, enquanto muitos daqueles que obtiveram o empréstimo ndo removeram as
arvores. A razao para isso é que os gastos com fertilizantes e inseticidas superavam 0s
ganhos da gestdo com a sombra de baixo nivel. Também os agricultores consideram que
a remocdo das arvores seria aumentar o risco da produtividade sob a condi¢do de
incerteza nos pregos do cacau.

Atualmente, a cabruca rustica € o que restou da Mata Atlantica na regido e
abriga altos niveis de biodiversidade da floresta. A alta riqueza de formigas florestais
(Delabie et al., 2007), morcegos, aves (Faria et al., 2006), sapos, lagartos, samambaias
(Faria et al., 2007) e arvores tém sido relatados na cabruca (Sambuichi, 2002). Além
disso, muitas espécies ameacadas, como o mico-ledo-da-cara-dourada (Leontopithecus
chrysomelas), o Ourico-preto (Chaetomys subspinosus) (Oliver and Santos, 1991) , o
Gavido-pomba (Leucopternis lacernulatus), e o Acrobata (Acrobatornis fonsecai) (Faria
et al., 2006) vivem nas cabrucas. O Acrobatornis é um género monoespecifico, descrito
pela primeira vez na cabruca (Pacheco et al., 1996) e nunca relatado fora deste ambiente
(Ricardo Laps, pers comm).

Como todos esses organismos sdo espécies restritamente florestais, parece
plausivel que, se toda a cabruca fosse convertida em sistema de pouca sombra, tal como
proposto pelo governo estas espécies estariam extintas localmente. No caso de
Acrobatornis, seria globalmente extinto, ja que esta espécie € restrita aos sistemas
sombreados. Assim, caso 0s agricultores ndo tivessem resistido, esta espécie teria
desaparecido sem que a ciéncia pudesse conhecé-lo, uma vez que foi descrito 30 anos
apos a implementacéo do programa de intensificacdo. A cabruca pode ser considerada o
agroecossistema produtivo de maior importancia biolégica no mundo.

Faria e colaboradores (2006; 2007) sugerem que a riqueza de espécies em
sistemas agroflorestais rusticos é ainda maior do que o encontrado na floresta. Apesar
desta grande importancia das plantacbes de sombra para a conservacdo da
biodiversidade, algumas das espécies que habitam florestas estdo ausentes ou sdo
encontrados em baixa abundancia nos sistemas agroflorestais, em relacdo a floresta
primaria, sugerindo que as planta¢cdes de sombra ndo podem substituir a floresta em sua
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funcdo ecoldgica. Em um estudo na Costa Rica, duas espécies de preguicas (Bradypus
variegatus e Choloepus hoffmannis) foram monitoradas com radio-transmissores para
compreender 0 uso do agroecossistemas pelos individuos estudados. Os resultados
indicaram que o cacau de sombra, mata ciliar e cercas vivas, servem como habitat e
aumentam da conectividade para estas espécies (Vaughan et al., 2007).

Quanto a relacdo entre a producdo de cacau e a biodiversidade, um estudo
recente realizado em Sulawesi, Indonésia, concluiu que, para a maioria dos taxons (Fig.
3), incluindo espécies endémicas (Fig. 4), ndo ha correlacdo entre as duas variaveis
(Clough et al. 2011). Isto sugere que a relacdo entre a conservagdo da biodiversidade e
produtividade agricola pode ndo ser um balango, mas uma relacdo de ganho mutuo, de
forma que a alta producdo agricola pode ser atingida em sistemas com alta diversidade.
Além disso, os autores do estudo ndo encontraram relacéo entre a distancia da floresta e
A biodiversidade, de forma que essa riqueza de espécies estd mais relacionada a
estrutura do manejo do que a estrutura paisagistica.

Portanto a Teoria de Economia de Terras, que assume um balango entre
conservacdo e producdo (Green et al., 2005), pode ndo ser aplicada aos sistemas de
cacau.
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Figura 3: Biodiversidade Associada dos pequenos cultivos em sistemas agroflorestais
de cacau em relacdo a produtividade bruta em Sulawesi, na Indonésia, para (A) arvores,
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(B) herbaceas (C) fungos endofiticos, (D) borboletas, (E) as formigas, (F) aranhas, (G)
passaros, (H) ratos e (1) anfibios e répteis. Linhas tracejadas séo interceptos de modelos
lineares. Fonte: Clough et al., 2011.
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Figura 4: Riqueza de espécies endémicas em relacdo a produtividade de cacau para (A)
borboletas e (B) aves em Sulawesi, e a influéncia da sombra na produtividade de cacau
(C). Em todas as figuras as linhas tracejadas sdo ajustes lineares, e em C, a linha so6lida
€ 0 ajuste linear e a tracejada representa ajuste dos valores maximos. As linhas
tracejadas sdo interceptos de modelos lineares (A, B) e, em (C), a linha tracejada sdo 0s
valores méximos simulados. Fonte: Clough et al., 2011.

2.7. Sistemas de café-sombreado

Assim como no caso das plantacdes de cacau sombreadas, o café € também
cultivado em sistema agroflorestais rusticos no México (Perfecto et al., 1996), Jamaica
(Kellermann et al., 2008), Guatemala (Calvo & Blake, 1998) e Brasil (Goulart et al.,
2009b), entre outros. Nos sistemas mexicanos (provavelmente a agrofloresta mais
estudada no mundo), uma alta riqueza de espécies € encontrada (Moguel & Toledo,
1995; Perfecto et al., 1996). A conversédo destes sistemas em monoculturas de sol, como
parte da politica de intensificacdo em todo o mundo, chamou a atencdo dos ornitologos,
tendo em vista que muitas aves migratérias utilizam plantacfes de sombra no inverno
como pontos de parada nos movimentos sazonais. Por conseguinte, a substituicdo de
sistemas sombreados para os sistemas de sol leva a um declinio nas populacdes de aves
migrantes, afetando a biodiversidade em escala continental. Portanto, as agéncias
conservacionistas, como o Smithsonian Migratory Bird Center, da Conservagédo
Internacional e a Nature Conservancy lancaram uma campanha para conservar tais
praticas agroflorestais através de certificacdo por selos como bird friendly, ou
biodiversity-friendly.

Grande diversidade de arvores, passaros, sapos (Moguel & Toledo, 1999),
formigas, borboletas (Perfecto, et al., 2003), orquideas (Solis-Monteiro et al. 2005),
morcegos, besouros rola-bosta (Pineda et al., 2005), abelhas, vespas e (Klein et al. ,
2002) sdo encontrados nos sistemas sombreados. Dos grupos que habitam os cafezais,
bem como outros sistemas agricolas, as aves sdo 0 grupo mais conhecido (Ormerod &
Watkinson, 2000). Até o ano de 2006, 40 estudos foram publicados em revistas
cientificas internacionais sobre aves, em sistemas de café (Komar, 2006). Esta reviséo
sugere que mais de 50 espécies de aves migratorias utilizam as plantacdes de café.
Quanto as aves ameacadas de extingdo, oito espécies utilizam utilizaram agroflorestas
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de café e sdo consideradas ameacadas em algum grau (Komar, 2006). Alguns outros
aspectos da ecologia das aves sdo dignos de nota. Por exemplo, 0s migrantes parecem
mostrar alta fidelidade de utilizacdo de sitio de inverno (individuos retornam para a
mesma area em sucessivos anos), em plantacbes de sombra, 0 que sugere que essas
areas sdo altamente adequadas para a invernada das aves (Wunderle Jr & Latta, 1996).

Muitos mamiferos sdo encontrados em café sombreado em sistemas no México,
como o tamandua (Tamandua mexicanus), a lontra (Lutra longicaudis), o porco-espinho
mexicano (Sphiggurus mexicanus), € o gato-maracaja (Leopardus wiedii) (Somarriba et
al., 2004).

A intensificacdo da agricultura age reduzindo a biodiversidade planejada e
associada, e sistemas de café ndo sdo uma excecdo. Por exemplo, no sudeste do Brasil,
os cafeicultores tradicionais cultivam algumas variedades tradicionais de café (Moca,
Carolina, Cravinho, entre outros), que sdo tolerantes a sombra, e tém um ciclo de vida
longa e produtiva (de acordo com os agricultores, as plantas de Moca podem produzir
por mais de cem anos). Na década de 1970, as politicas de intensificacdo agricola
introduziram uma variedade de sol (chamada localmente de Catuai). Esta variedade
comeca a produzir precocemente, se comparada com as variedades tradicionais, mas
também cessa a producdo mais cedo e € mais dependente de fertilizantes e pesticidas
(Goulart et al., 2009b). A substituicdo de variedades tradicionais para as modernas
levou a um colapso generalizado da producédo de café na regido, porque 0s agricultores
ndo podiam manter-se com os altos custos dos insumos necessarios. O resultado foi a
conversdo das plantacGes de café em pastagens.

Muitas variedades tradicionais de café, como o Carolina, estdo em risco de
extincdo devido a substituicdo das variedades modernas. Certa vez, 0 autor desse texto
ouviu uma declaragdo de um agricultor dizendo em uma mistura de decepcdo e raiva:
"Os agronomos acabaram a producdo de café na regido”. Apesar de acreditar que o
problema esta além dos técnicos de agéncias governamentais, este € um bom exemplo
de esforcos equivocados por parte de programas de intensificagdo da agricultura.

Quanto ao potencial de conservacdo dos sistemas de producdo de café, estudos
realizados na América Central apontam para um balango entre a producdo e
biodiversidade associada. Isto ocorre porque a reducdo na densidade das arvores pode,
dependendo dos valores de intensidade de sombra, diminuir biodiversidade e aumentar
rendimentos. A relacdo entre a riqueza de espécies e a produtividade pode ser concava
ou convexa (jota invertido). O padrdo convexo sugere que uma quantidade significativa
de riqueza esta presente em niveis intermediarios de produtividade. Por outro lado, o
padrdo cOncavo sugere que o balanco seja ingreme e que sistemas com produtividade
intermediaria podem abrigar niveis baixos de biodiversidade. Nos sistemas mexicanos,
as borboletas mostram um padrdo convexo, enquanto que as formigas mostram um
padrdo céncavo (Fig. 5).
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Figura 5: Construcdo da relacdo entre diversidade e produtividade agricola a partir das
funcbes de cobertura (A e B) e a relacdo de produtividade e riqueza para borboletas e
formigas em sistemas de café do México (C). Fonte: Perfecto et al., 2005.

2.10. Quintais agroflorestais e outros sistemas

Os quintais agroflorestais sdo 0s agroecossistemas mais antigos do mundo
(Kumar & Nair, 2004), podendo ter mais de 10.000 anos (Soemarwoto & Conway,
1992). Esses sistemas sdo geralmente caracterizados por uma grande heterogeneidade
dentro dos cultivos e entre regides. Os quintais agroflorestais sdo caracterizados por
mosaicos complexos de pomares, cercas-vivas, policultivos, sistema silvipastoris e estes
variam grandemente em sua estrutura temporal e espacial. Outro aspecto dos quintais
agroflorestais € que, individualmente, eles ocupam uma &rea pequena, especialmente
nos trépicos, de modo que o grdo de manejo (4rea minima em gque uma certa préatica
agricola ocorre) é pequeno e a densidade humana pode ser elevada.

Quintais agroflorestais sdo reservatorios de agrobiodiversidade, funcionando
como reflgios, evitando a erosdo genética de cultivares, e sdo considerados bancos
genéticos vivos (Galluzzi et al., 2010). Em quintais agroflorestais no Nepal, vinte
espécies de cultivo foram perdidas nos altimos 10 a 15 anos, e 11 espécies estdo
ameacadas (seu uso tem diminuido significativamente nos ultimos anos) (Sunwar et al.,
2006). Em uma regido arida do nordeste do Brasil, mais de 50 plantas lenhosas foram
registradas em 31 propriedades, incluindo muitas espécies nativas (Albuquerque et al.,
2005). Na vérzea tropical da Indonésia, em apenas seis quintais agroflorestais
(localmente chamados de tembwang), 144 das espécies de arvores foram encontrados
(Marjokorpi & Ruokolainen, 2003). Em Bangladesh, em 402 quintais, Kabir & Webb
(2008) registraram 419 espécies de arvores. Metade destas espécies sdo nativas e seis
estdo na Lista Vermelha da IUCN.

A biodiversidade associada aos quintais é praticamente desconhecida. Mardsen e
colaboradores (Marsden et al., 2006) realizaram um estudo sobre a diversidade de aves
em quintais de Nova Guiné, encontrando elevada riqueza de espéecies nesses sistemas.
Apesar disso, muitas espécies florestais foram encontrados em nimeros menores ou
estavam ausentes nos quintais. Na Mata Atlantica brasileira, dois trabalhos (Goulart,
2007; Uezu et al. 2008) foram realizados no Pontal do Paranapamena, em S&o Paulo,
envolvendo quintais agroflorestais, comparando a avifauna no pasto, mata e quintais.
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Ambos concluiram que os sistemas agroflorestais sdo importantes para a conservagao
das aves na regido. No entanto, um deles observou uma grande influéncia da distancia
entre jardins e a floresta mais proxima na riqueza e abundancia de aves dos cultivos
(Fig. 6A). Duas especies de psitacideos de interesse de conservacdo (ameagados ou
quase ameacados,), Ara chloroptera e Primolius maracana, respectivamente, foram
encontrados nos quintais (Goulart, 2007). Além disso, outro estudo sobre a ecologia
alimentar de aves frugivoras, incluindo Ara chloroptera, sugeriu que a atividade de
alimentacdo, e a diversidade de itens alimentares consumidos pelas espécies focais,
foram maiores em casa jardins em comparacdo a floresta. Apesar disso, a abundancia
foi maior na floresta, em relacdo aos jardins. Turnos de alimentacdo por abundancia
(FBPF), que descreve a quantidade relativa de atividade de alimentacéo
independentemente da frequéncia de uso do habitat, foi maior nos quintais do que na
floresta (Fig. 6B). O estudo sugeriu que o0s quintais tém recursos alimentares mais ricos
e abundantes, mas pelo fato destes serem mais intensamente perturbados, e a pressao de
risco de predacdo percebido € maior, as aves passam menos tempo neste habitat em
comparagdo com a floresta (Goulart et al., 2011) (Fig. 6B).
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Figura 8: Variacao de riqueza (circulos e linha cinza) e abundancia (quadrados e linha
preta) em funcdo da distancia do fragmento florestal mais proximo (A) (Uezu et al.
2005), e turnos de alimentacdo por frequéncia no habitat de Amazona aestiva (Amaz),
Ara chloroptera (Ara), Cyanocorax chrysops (ciano), Ramphasto toco (Ramph) e
Pterglossus castanotis (Ptero) em florestas e quintais agroflorestais (B) no Pontal do
Paranapanema, Brasil (Goulart et al., 2011).

Muitos outros sistemas agroflorestais tropicais sdo conhecidas por abrigarem alta
biodiversidade, como os cultivos de erva-mate sombreada (Cockle et al., 2005) e
seringuais agroflorestais (Thiollay, 1995). As cercas vivas, arvores isoladas em
pastagens, e 0s quebra-ventos também servem como habitat para muitas espécies, bem
como aumentam a conectividade da paisagem para com a biodiversidade (Harvey et al.
2004). Por exemplo, um estudo realizado em Vera Cruz, no México, mostrou que
pastagens com arvores isoladas abrigam 35 diferentes espécies de orquideas (Williams-
Linera et al., 1995). Outro estudo na mesma regido descobriu que estes sistemas
abrigaram 58 espécies de epifitas vasculares, espécies florestais e hemi-hepifitas (Hietz-
Seifert et al. 1996). Guevara e Laborde (1993) registraram 73 espécies de aves visitando
quatro individuos de figueira (Ficcus sp.) em pastagens de Veracruz, também no
México. Na Australia, eucaliptos isolados (paddock trees) em Nova Gales do Sul, séo
utilizadas por 31 especies de aves (Fischer & Lindenmayer, 2002). No Brasil, a Ara
ararauna foi vista forrageamento em pastagens com alta abundancia de palmeiras
(Syagrus romazoffiana). Esta ave é considerada ameacada e sua populacdo esta em
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declinio em alguns estados do Brasil (Rodrigues & Goulart, 2005). Outros estudos
mostram que as figueiras (Ficcus sp.) em pastagens perto de florestas sdo visitados por
morcegos (Galindo-Gonzalez et al., 2000) e primatas (Slocum & Horvitz, 2000).

2.11. Consideracdes finais

Em suma, este capitulo apresenta uma visdo geral sobre os sistemas agricolas e
os efeitos de diferentes tipos de manejo sobre a biodiversidade nos trépicos.
Analisaram-se o0s dados para os sistemas de cacau, café-sombreado e quintais
agroflorestais na regido Mata Atlantica brasileira. Na maioria das situa¢fes, uma relagéo
de ganho mutuo entre conservacao e producdo agricola é possivel, uma vez que cultivos
com niveis intermediérios de produtividade estdo associados com alta biodiversidade.
Além disso, a ideia de que hd uma necessidade de intensificar os sistemas agricolas para
aumentar a produgédo de alimentos para alimentar os seres humanos famintos néo se
aplica a muitas paisagens agricolas tropicais. Em vez disso, a mudanca global nos
habitos alimentares e a promo¢do de uma melhor distribuicdo de alimentos usando
sistemas eco-agricolas de pequeno impacto.

O futuro da agricultura e da biodiversidade depende do tipo de manejo agricola
que sera aplicado nas paisagens. Se a intensificagdo da agricultura continuar a se
expandir, a produtividade dos sistemas devera aumentar, mas com alta variancia e baixa
resiliéncia as incertezas ambientais. Tais variaces podem aumentar em um futuro
préximo, considerando as previsdes de mudancas climaticas e perdas dos servigcos
ecossistémicos. Por outro lado, os tomadores de decisdo podem optar por praticas mais
amigaveis a biodiversidade, que algumas vezes (nem sempre) sdo menos produtivas do
que os sistemas intensivos, mas possuem maior estabilidade produtiva e sdo mais
resistentes a variagcdes ambientais.

A Teoria da Economia de Terras pode ser sedutora pela simplicidade, mas para
que ela seja efetiva na pratica, os seguintes pressupostos devem ser validados:

(1) Existir um balanco entre biodiversidade e produtividade do sistema.

(1) Existir uma relacdo convexa (jota invertido) entre produtividade e valor de
conservacao para nas espécies de maior interesse para a conservacao.

(1) Exisitir uma relagdo negativa entre produtividade per capita e taxa de
desmatamento.

(IV) As externalidades ou ous efeitos negativos da agricultura intensiva nos
servigos ecossistemicos ser (pelo menos para efeito analitico) despreziveis.

(V) Os efeitos negativos da agricultura intensiva na area nao cultivada podem
ser desprezadas (pelo menos para efeito analitico).

(VI) Existir uma relagdo positiva entre producdo de alimentos com a
intensificacdo agricola e seguranca alimentar

O pressupo | é validado por dados de produtividade e biodiversidade associada
em sistemas de café (Perfecto et al., 2005), mas ndo em sistemas de cacau (Clough et
al., 2011). O fato de sistemas orgénicos produzirem em niveis similares ou superiores
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aos sistemas intensivos (Stanhill, 1990) também leva em questionamento tal premissa.
O pressuposto Il é confirmado por dados em café (Perfecto et al., 2005). Dentre os
pressupostos, esse € provavelmente um dos mais corroborados por dados de campo uma
Vez que as espécies mais sensiveis e de maior interesse para a conservacdo desaparecem
em sistemas agricolas, mesmo sendo estes de baixa intensidade. Entretanto, cabe
pontuar que quando o objetivo de conservacdo é a manutencdo dos servigcos
ecossistémicos em contraposi¢cdo a conservacdo voltada para espécies, o modelo
concavo pode operar com maior frequéncia. Por exemplo, sistemas de intensidade
intermediérios (quintais agroflorestais) possuem alta riqueza de grupos funcionais
(Goulart, 2007). Ademais dados sobre espécies endémicas e ameacadas de extingédo
também questionam a validade de tal pressuposto (Faria et al., 2006; Goulart et al.,
2011; Clough et al., 2011). Para que tal pressuposto seja realmente testado, uma anélise
mais profunda da produtividade €é necessaria, uma vez que a comparacdo da
produtividade por si s6 ndo leva em consideracdo os inputs e externalidades dos
cultivos. Por exemplo, a agricultura intensiva possui alta produtividade, mas é altamente
dependente de inputs externos, enquanto a agricultura ndo intensiva requer menos ou
nenhum insumo. Uma forma de comparar a produtividade desses sistemas é por meio
do balaco energético (balanco entre input e producdo de energia), produtividade por
area de pegada ecoldgica, estabilidade produtiva (resisténcia e resiliéncia), dentre outras
formas.

O pressuposto 111 é provavelmente o mais irrealista da Economia de Terras. Em
nivel global ndo existe uma relacdo entre produtividade per capita e reducdo das taxas
de desmatamento. No geral, vé-se o contrério, sendo que quanto maior a produtiviade
maior é a taxa de desmatamento. Mesmo quando existe uma relacdo negativa entre
desmatamento e produtividade, esta é pontual (ex. Angelsen & Kaimowitz 2001) ou o
padrdo ndo muito claro (ex: Grau et al. 2008). O pressuposto Il é a maior falha da
Economia de Terras, pois o fato de em muitos casos, a intensificacdo levar ao
desmatamento invalida profundamente tal pressuposto. Imaginemos, se por exemplo a
Teoria de Biogeografia de Ilhas verificasse a reducdo da biodiversidade com o aumento
da area em varias situacdes, entdo toda a teoria estaria em xeque.

O pressuposto 1V ndo €, de forma geral, validado pelos dados. A perda de
biodiversidade causada pela intensificacdoo agricola, a longo prazo, leva ao declinio das
propriedades e servicos ecossitémicos (Tschartnke et al., 2012). A baixa produtividade
de pastos degradados pelo sobrepastoreio, 0s gastos milionarios com sistemas de
polinizacdo artificial, a exaustdo e poluicdo de corpos d"agua em paisagens agricolas e a
explosdo populacional de pragas mostra tal fato (para uma revisao sobre o tema ver em
anexo o capitulo de livro produzido a partir deste capitulo da tese, no subtitulo
ecosystems services).

Hoje em dia a biologia da conservagédo considera a conectividade das paisagens
como elemento vital para a manutencéo da biodiversidade em paisagens fragmentadas.
Tal fato consiste na observacdo de que dindmicas Metapopulacionais (Levins, 1969) e
Metacomunitarias (Hubbell, 2001) sdo comuns na natureza. Tais teorias contradizem o
pressuposto V, uma vez que a relacdo entre area cultivada e manchas de habitat naturais
ndo podem ser desprezadas, mesmo que para fins analiticos.

Finalmente, o pressuposto VI ndo é corroborado pelos dados. Historicamente as
politicas de intensificacdo agricola subsidiada levou a um aumento da pobreza e
inseguranca alimentar nos tropicos. Tal padrdo € extensamente descrito pela literatura
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especializada e mostra que a intensificacdo agricola leva a uma dependéncia do pequeno
agricultor dos pacotes agricolas. A recente publicacdo de um documento chamado
Agriculture at Crossroads (IAASTD, 2009), produzido por mais de 400 cientistas de
renome mundial nas areas de seguranca alimentar e conservagéo, chamou a atencéo para
o fato de que a seguranca alimentar s6 podera ser atingida por sistemas agricolas de
baixa intensidade e alta resiliéncia.

Outra questdo sobre a Economia de Terras é um pressuposto implicito de que o
manejo de Compartilhamento desconsidera a importancia dos remanescentes de
vegetacdo natural. 1sso pode ser observado, por exemplo, no modelo proposto por
Balmford et al. (2012) em que a a paisagem manejada pelo compartilhamento possui
pouca biodiversidade espalhada por toda a &rea, enquanto a Economia de Terras maneja
a paisagem deixando areas nativas com muita biodiversidade e areas agricolas com
baixa diversidade. A literatura sobre Compartilhamento ndo corrobora com tal modelo,
uma vez que de sistemas de baixa intensidade ndo podem substituir areas nativas em
suas funcoes ecoldgicas. De acordo com Balmford, sistemas ndo intensivos levariam a
uma maior perda de floresta. Por outro lado, sistemas agroflorestais levam a diminuicao
para pressdo de desmatamento por atender as demandas de madeira e fibra de
determinada populacdo (Schroth et al.,, 2004). Cabe aqueles que advogam o
Compartilhamento enfatizar a importancia da preservacdo das é&reas nativas
remanescentes. Nas atuais discussdes sobre mudancas no Codigo Florestal brasileiro, é
necessario que biolégos da conservacdo e ecélogos se posicionem em termos de
ressaltar a importancia dos ecossistemas nativos para a conservacdo da biodiversidade e
que tais areas ndo podem ser substituidas por sistemas de cultivos, mesmo os de baixa
intensidade.

Dessa forma, a Economia de Terras possui muitos pressupostos que ndo séo
corroborados pelos dados empiricos e deve ocorrer em circunstancias muito pontuais e
especificas. Por outro lado, alguns manejos ndo-intensivos, como sistemas organicos,
podem abrigar biodiversidade semelhante a dos monocultivos intesivos (Belfrage et al.,
2005), sendo que sistemas ndo-intensivos variam grandemente na sua capacidade de
manter biodiversidade. Tschartnke et al. (2012) sujerem que a intensificacdo
agroecoldgicas ocasiona a um aumento do manejo do sistemas e leva a uma
maximizacdo da produtividade e biodiversidade.

A seguranca alimentar nos trépicos depende do reconhecimento da importancia
dos sistemas de manejo de pequenos produtores de baixa renda, uma vez que estes
representam grande quantidade das pessoas que passam fome no mundo. A
intensificacdo agricola deverd aumentar a desigualdade econdmica, podendo intensificar
a pobreza e a fome, bem como causar profundos impactos ecoldgicos. Confiar na
associacdo entre fins do agronegocio e a conservacdo, como uma relacdo bilateral é
arriscado. Por outro lado, as pequenas propriedades de agricultura mista aumentam a
seguranca alimentar durante periodos de instabilidade ecoldgica e econémica. Dessa
forma, a conservacéo das florestas e outros habitats nativos em uma matriz de sistemas
agroflorestais heterogéneos sdo a melhor opcao para a conservacao da biodiversidade e
a justica social nos tropicos.
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3) CAPITULO 1:

Efeito do isolamento das manchas de habitat na
efetividade de restauracao da matriz para a
conectividade de aves em paisagens fragmentadas da
Mata Atlantica

3.1. Resumo

A maximizacdo do potencial de conservacao de médio a pequenos fragmentos florestais
é tbnica para a manutencao das espécies da Mata Atlantica, onde manchas de habitat séo
relativamente pequenas e as populacdes que as habitam sdo suscetiveis a extin¢do local.
Uma estratégia para fazer isso é por meio da restauracdo da matriz da paisagem com da
implantacdo de sistemas agroflorestais. Foi construido um modelo para identificar as
regibes em que a restauracdo da matriz tem maior efeito sobre a conectividade funcional
para aves florestais endémicas. As hipoOteses testadas sdo de que (1) a eficacia da
restauracdo da matriz é afetada pelo grau de isolamento da paisagem, e que (2) em graus
intermediarios de isolamento a eficiéncia de restauracdo para a conectividade &€ maxima.
Modelamos a conectividade funcional usando o indice Integral de Conectividade de
quatro espécies de aves endémicas (Chiroxiphia caudata, Sclerurus scansor,
Xiphorhynchus fuscus e Pyriglena leucoptera) em trés tipos de matrizes em paisagens
da Mata Atlantica. Foram ajustados modelos aditivos generalizados mistos para analisar
a influéncia do isolamento sobre a conversdo da matriz. Além disso, foi testado se
métrica de isolamento seria 0 melhor preditor da eficacia da restauragdo de matriz. A
primeira hipétese foi corroborada pelo modelo mas, por outro lado, a segunda hipbtese
foi confirmada por apenas um Unico cenario de um total 12. Geralmente a eficicia da
restauracdo estd negativamente associada ao isolamento, de modo que uma maior
eficacia é encontrada em paisagem em que manchas tém mario area e estdo mais
préximas umas das outras. Apesar disso, houve uma grande variacdo na resposta,
aspecto que dificultou a generalizacdo dos resultados. A média do indice de
proximidade foi melhor preditor da eficiéncia de restauracdo do que a média do vizinho
mais préximo. O modelo pode ser utilizado para tomadores de decisdes e gestores
definirem &reas prioritarias para a restauracao agroflorestal.

Palavras chave: conservagdo, ecologia de paisagens, ecologia teorica, modelos
espacialmente explicitos, restauracao agroflorestal, Teoria dos Grafos,

3.2. Introducéo Geral

A destruicdo e fragmentacdo de habitat sdo consideradas as principais causas de
perda de espécies em nivel global (Primack e Rodrigues, 2001). Os efeitos adversos da
fragmentacédo sobre a biodiversidade sdo particularmente expressivos no dominio Mata
Atlantica, onde ha grande diversidade bioldgica, apesar do alto grau de fragmentacao.
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Devido a este fato, o dominio encontra-se na lista mundial de locais prioritarios para a
conservacao (hotspot) (Myers et al., 2000). Estimativas recentes mostram que menos de
12% da cobertura vegetal original permanecem e 80% dos fragmentos possuem éarea
menor do que 50 ha (Ribeiro et al., 2009). Cabe notar que populacdes de aves que
habitam florestas nessas condigdes sdo altamente suscetiveis a extingdo local (Stratford
e Stouffer, 1999; Ferraz et al.,, 2007). Portanto, a maximizacdo do potencial de
conservacdo de fragmentos florestais pequenos e médios é fundamental para a
conservacao das espécies de aves da Mata Atlantica.

Segundo a Teoria das Metapopulagdes (Levins, 1969), se as popula¢des habitam
um espaco discreto (manchas de habitat), a extin¢do local pode ser contrabalancada por
recolonizacdo de subpopulagdes de manchas proximas. Portanto, a existéncia a longo
prazo das populacdes em paisagens fragmentadas depende do equilibrio entre extincao
local e (re) colonizagdo. A extingdo local estd basicamente relacionada com a &rea do
fragmento (McArthur e Wilson, 1967) e o aumento do tamanho de fragmentos de
floresta é geralmente invidvel, uma vez que requer muito tempo e recursos econdémicos
(Lamb et al., 2005). Isto é particularmente verdadeiro no contexto da Mata Atlantica,
porque é uma regido altamente habitada e, portanto, a restauracdo da floresta envolveria
a remocao de densas comunidades humanas.

Por outro lado, a recolonizacdo depende da distancia entre os fragmentos,
presenca e eficiéncia de corredores e permeabilidade da matriz. Estas variaveis
compdem a conectividade da paisagem, que € um elemento vital para a manutencdo da
biodiversidade em regides fragmentadas (Taylor et al., 1993). A conectividade pode ser
definida em termos funcionais e estruturais, de forma que a conectividade estrutural se
refere a estrutura fisica da paisagem (basicamente isolamento entre fragmentos,
presenca de corredores e permeabilidade da matriz), e a conectividade funcional se
refere as respostas das espécies a tal estrutura (Uezu et al., 2005). O isolamento dos
fragmentos é dado, basicamente pela configuracdo de fragmentacdo e a eficacia de
corredores parece ser uma questdo controversa (Noss, 1987; Simberloff et al., 1992;
Beier e Noss, 1998). Finalmente, a matriz de paisagem desempenha um papel
importante na persisténcia a longo prazo da biodiversidade em paisagens fragmentadas
(Ricketts, 2001; Vandermeer e Carvajal, 2001; Fischer e Lindenmayer, 2002,
Antongiovanni e Metzger, 2005; Perfecto e Vandermeer, 2008; Brady et al., 2009).

Embora importdncia da matriz ser atualmente aceita entre bidlogos da
conservacao, nenhum estudo abordou o efeito do isolamento sobre a eficacia da matriz
de restauragéo para aves florestais, especialmente em paisagens da Mata Atlantica. Foi
desenvolvido um modelo diagramatico para mostrar a influéncia do isolamento, a
permeabilidade da matriz e capacidade de dispersdo de aves e testado utilizando-se de
modelos espacialmente explicitos em paisagens da Mata Atlantica para quatro espécies
de aves endémicas.

3.3. Modelo tedrico

Foi desenvolvido um modelo diagramatico que teoricamente relaciona o
isolamento entre fragmentos florestais, permeabilidade da matriz e capacidade de
dispersdo de espécies com a probabilidade de colonizagdo. A probabilidade de
colonizacdo de uma mancha de habitat é negativamente afetada pelo isolamento da
mancha, sendo essa relacdo é dada por uma funcdo logistica negativa (Koenig et al.,
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1996; Heinz et al., 2007; Boscolo, 2008). A figura 1 mostra a relagdo entre a
probabilidade de colonizacdo em funcdo do isolamento do fragmento assumindo quatro
categorias de capacidades de dispersdo e assumindo um valor fixo de permeabilidade da
matriz.
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Figura 1: Modelo tedrico mostrando as relacdes entre probabilidades de conexao P (c),
isolamento da mancha de habitat e permeabilidade da matriz para espécies com
diferentes habilidades de dispersdo. Em 1 A, a permeabilidade da matriz é fixa e em
1B, 1.C e 1.D o isolamento é fixado em niveis baixos, intermédios e altos,
respectivamente.

Para "muito maus dispersores”, a matriz é intransponivel, de modo que mesmo
se a distancia entre os fragmentos for pequena, a probabilidade de conexdo é zero.
"Bons dispersores" sdo espécies com capacidade de dispersdo moderada, de modo que o
limiar de dispersdo é menor para 0 primeiro e maior para o terceiro grupo considerado.
No que se refere aos "muito bons dispersores” sdo espécies que, sob a magnitude do
isolamento aqui considerado, possuem capacidade de dispersao infinita.

Por outro lado, dado um isolamento fixo, a probabilidade de colonizacdo pode
ser descrita como uma funcdo da permeabilidade da matriz, de modo que esta relagédo
deve ser diferente de acordo com o grau de isolamento. Considerando-se trés faixas de
isolamento (baixa, média e alta), espera-se que a relacdo entre P (c) e permeabilidade da
matriz se assemelhe com as figuras 1.B, 1.C, 1.D, respectivamente. Na figura 1.B o grau
de isolamento é muito pequeno, e mesmo que a matriz assuma valores de baixa
permeabilidade, os propagulos tém alta probabilidade de atravessar a matriz. A Figura
1.C sugere que, dado um grau de isolamento intermediario fixo, a permeabilidade da
matriz devera ter efeito profundo sobre P (c). A influéncia da permeabilidade da matriz
em P (c) € menor para "bons dispersores”, se comparado ao dos "maus dispersores”. A
Figura 1.D representa uma situacdo em que o isolamento da mancha de habitat é
elevado e, mesmo em graus elevados de permeabilidade da matriz, propagulos tém
baixo efeito sobre P (c), e esta influéncia € ainda menor para "maus dispersores" em
comparagdo com "bons dispersores™. Cabe pontuar que para "muito maus dispersores™ e
"muito bons dispersores”, nem grau de isolamento, nem permeabilidade da matriz afeta
P (c), porque propédgulos sempre, ou nunca, atravessam a matriz. Portanto, suas
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caracteristicas bioldgicas tém maior efeito sobre a colonizacdo da mancha do que a

conectividade da paisagem.
Devido a relagdo entre o isolamento, permeabilidade da matriz, definiu-se AP (c)

como a contribuicdo da permeabilidade da matriz para probabilidade de ligacdo da
um dado grau de isolamento, e assim definida por:

mancha para
AP (c) o = P (C) matrizA - P (C) matrizB
Graficamente, espera-se que a relagdo entre a AP (c) se assemelhe a Figura 2.

Neste grafico, AP (c) sdo maximas para os valores intermédios de isolamento, de modo

que para "maus dispersores”, AP maximo (c) € atingido em valores menores de
isolamento, em comparagdo com "bons dispersores”. Além disso, AP (c), para "muito
maus dispersores” e muito bons dispersores é zero.
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Figura 2: Efetividade da conversdo da matriz, expressada como a mudanca na
probabilidade de conexdo - AP(c) para diferentes dispersores e o efeito do isolamento

do fragmento
Com base nessa abordagem diagramatica, hipotetiza-se que, para espécies com

capacidade de dispersdo intermediarias ("bons dispersores” e "maus dispersores"”), a
restauracdo da matriz tem influéncia mais forte sobre a colonizacdo em niveis
intermediarios de isolamento. Por outro lado, a restauracdo da matriz de paisagens com

grau muito alto ou muito baixo de isolamento devera ser menos eficaz em termos de

aumento de P (c).

3.4. Objetivo

Foi construido um modelo espacialmente explicito multiespecifico para analisar
como o isolamento da paisagem afeta o grau com que a restauragdo da matriz contribui
para a probabilidade de colonizacdo. Mais especificamente, pretende-se responder as

seguintes perguntas:

(1) O grau de isolamento da paisagem afeta a contribuicdo da restauracdo da matriz para
a conectividade funcional?

(2) Em que grau de isolamento a eficiéncia da restauragdo de matriz para a

conectividade funcional das aves é mais alta?



43

(3) Qual a métrica de isolamento que melhor prediz a eficiéncia de restauragdo da
matriz para a conservacao da conectividade para as aves?

3.5. Métodos
3.5.1 Espécies-alvo

Foram selecionadas quatro espécies de passeriformes endémicos da Mata
Atlantica: Chiroxiphia caudata, Xiphorhynchus fuscus, Pyriglena leucoptera e
Sclerurus scansor (Tabela 1). Com excecéo de C. Caudata, que é um onivoro de estrato
médio, todos os outros trés sdo insetivoros de sub-bosque.

Tabela 1: Caracteristicas das espécies.

Espécie Familia Principal Sensibilidade a  Territorio (T) ou area de
dieta (Sick distarbios vida (AV)
1997) (Stotz et al
1996)
Sclerurus scansor Furnariidae Insetivoro Alto AV: 1- 12 ha (Hansbauer et
al., 2008b)
Xiphorhynchus Dendrocolaptidae Insetivoro Alto T: 6 ha (Develey 1997)
fuscus
Pyriglena Formicariidae Insetivoro Medio T: 2ha (Duca et al., 2006),
leucoptera AV: 5ha (Hansbauer et al.
2008).
Chiroxiphia Pipridae Frugivoro Baixo AV: 1.6 t0 15.6 ha
caudata (podendo atingir 460ha)

(Hansbauer et al. 2008)

Insetivoros de sub-bosque sdo particularmente afetados pela fragmentacdo
(Stouffer e Bierregaard, 1995), de modo que essa sensibilidade é causada pela baixa
capacidade de atravessar ambientes abertos, tornando populagdes que habitam
fragmentos florestais propensas a extingdo sem recolonizacao posterior (Sekercioglu et
al., 2002). Portanto, as a¢Ges que conservam insetivoros de sub-bosque promovem a
conservacao das guildas menos sensiveis (Castellon & Sievings, 2006).

Finalmente, estas sdo também as espécies mais conhecidas da Mata Atlantica, de
modo que seria impossivel aplicar o modelo a outras espécies, para as quais
informacBes biologicas basicas sobre a maioria dos passaros da floresta ndo esta
disponivel.

3.5.2. Capacidade de dispersdo

Foram revisados os dados sobre as capacidades de dispersdo das espécies
selecionadas, e classificadas de acordo com o tipo de matriz. Utilizando os dados
disponiveis, permeabilidade da matriz foi classificada em trés categorias. "Matriz zero"
refere-se a0 manejo monocultural de herbaceas, tais como as pastagens e plantacfes
anuais (feijéo, soja, trigo, etc.); "matriz um" caracteriza matrizes com permeabilidade
intermediaria para 0 movimento de passaros da floresta, como as monoculturas de café e
savana. Finalmente, "matriz dois" sdo os sistemas agroflorestais rusticos (Segundo
definicdo de Moguel e Toledo, 1999), que envolve multiplos estratos de culturas com
cobertura vegetal densa. Os limiares de dispersdo nas diferentes matrizes sdo mostrados
na tabela 2.
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Tabela 2: Limiar de dispersdo das espécies (metros) nas trés matrizes, referéncia e
método utilizado pelo estudo.

Matriz zero Matrix um Matrix dois

Espécie

S. scansor 0 (Hansbauer et al., 150 (Marini 2010)* 1200 (Marini, 2010)*
2010)*

C. caudata 130 (Uezu et al., 2005)*> 650 (Marini, 2010)* 2100 (Marini, 2010)*

X. fuscus 145 (Boscolo et al., 435 (média entre 700 (Marini, 2010) *
2008)° matriz zero e um)

P. leucoptera 45 (média a partir de 125 (pers. obs.)? 400 (Marini, 2010) *
dois estudos: Awade®,
2009; Uezu® et al.,
2006)

! radio telemetria; > movimentac&o espontanea; ° experimentos de play-back; * captura-recaptura, °
translocacéo de individuos acoplados com radiotransmissores (homing experiment)

Assumimos que a resistétncia ao movimento por parte de policultivos
agroflorestais como sendo o mesmo para sistemas de monocultivo arbéreo (por
exemplo, café monocultura densa). Portanto, consideramos que estes habitats tém
estrutura intermediaria entre pastagem e florestas, em termos de cobertura vegetal,
heterogeneidade horizontal e vertical, e risco de predacéo, fatores estes que mais afetam
0 movimento de aves florestais na matriz (Desrochers e Hannon, 1997; Boscolo et al.,
2008; Robertson e Radford., 2009). Assumimos também que os sistemas agroflorestais
rusticos e sombreados tém a mesma permeabilidade a aves com habitats florestais
nativos. Na Mata Atlantica, sistemas tradicionais agroflorestais rusticos (chamados
localmente de cabruca) no Sul do estado da Bahia sdo habitados por um grande namero
de aves florestais, muitas delas endémicas ou ameacadas (Faria et al., 2006). Isto sugere
que a resisténcia desses sistemas para 0 movimento de passaros da floresta deve ser
aproximadamente a mesma que o habitat de mata nativa.

Os registros sobre os movimentos foram amostrados em diferentes regides e
utilizaram de diferentes técnicas. Tem-se consciéncia de que tais dados de entrada nédo
possuem alta precisdo e que os padrdes de dispersdo reais podem diferir destes dados.
Infelizmente, as limitagcdes na medicao de dispersao de vertebrados (Koenig et al., 1996;
Holyoak et al., 2008) tornam impossivel a aquisicdo de dados precisos sobre a
capacidade de disperséo das espécies.

Outro pressuposto do modelo é a homogeneidade da matriz, assumindo que toda
a matriz paisagem é composta por sobre um tipo de gestdo agricola. Embora este
pressuposto seja claramente irrealista (devido a heterogeneidade natural e manejos
humanos), esta hipotese ndo vai alterar significativamente nossos resultados sobre a
influéncia do isolamento em matriz de eficacia de restauragdo para a conectividade.

3.5.3. Selegéo Paisagem

Foram selecionadas as regides em que Sclerurus scansor foi registrado
anteriormente. A raz&do para isso € porque as outras trés espécies ocorrem no dominio
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Mata Atlantica com densidade relativamente alta e detectabilidade (Boscolo e Metzger,
2009), enquanto que S. scansor é 0 mais raro. Portanto assumiu-se que se S. scansor
ocorre na regido, e assim todas as outras espécies também estardo presentes. A analise
foi restrita a0 dominio da Mata Atlantica no estado de Minas Gerais e foram reunidos o
maximo de registros da espécie no estado utilizando a literatura especializada (Neto e
Venturin, 1998; Mesquita, 2004; Ribon et al., 2004; Durdes e Marini, 2005; Brandt,
2008; Vasconcelos e Neto, 2009; Ferreira et al., 2009; Marini, 2010), sitios de
observacao de aves (www.wikiaves.com), museus (colecdo zooldgica da Universidade
de Brasilia) e registros ndo publicados de ornitélogos experientes (M. A. Marini e R.B.
Machado).

O mapa cobertura florestal de 2008 foi adquirida no sitio da SOS Mata
Atlantica (sosmatatlantica.org.br). O mapa vetorizado foi convertido no formato
matricial com resolucdo de 30 x 30 metros. Usando ArcGis (New York: ESRI) versao
9.3 uma grade de 20 x 20 km foi criada. Grades em que a presenca de S. scansor foi
registrada bem como as oito grades vizinhas foram selecionadas. Isto foi feito sob a
suposicao de que, se a espécie ocorre na regido, existe o potencial de ocorréncia nestas
nove grades. Noventa grades foram preliminarmente selecionadas (Fig. 3). Destas,
grades que possuiam grande quantidade de &rea urbana foram excluidas.
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Figura 3: Selecdo preliminar das grades os remanescentes de Mata Atlantica do Estado
de Minas Gerais estdo em cinza claro.

3.5.4. As métricas da paisagem e indices
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Para mensurar o grau de isolamento da paisagem, utilizou-se o software Arc
GIS com a extensdo Patch Analyst. Os indices de proximidade e média do vizinho mais
proximo foram medidos para as grades selecionadas. A distancia média do vizinho mais
préximo € a distancia linear média entre manchas de habitat e mede o isolamento em
termos de distancia entre manchas. Por outro lado, o indice Médio de Proximidade
(MPI) utiliza as estatisticas do vizinho mais proximo, mas também considera a area, de
modo que paisagens com areas de manchas menores sdo consideradas mais isoladas,
dada uma distancia entre manchas fixa. Este indice diminui com o aumento de
isolamento, de modo que os valores baixos de Mpi indicam paisagens isoladas (para
mais informacGes sobre essas meétricas ver Elkie et al., 1999). Usamos o programa
Conefor Sensinode (Saura e Torné, 2009) para modelar a conectividade funcional para
as espécies, dada suas capacidades de dispersdo em diferentes matrizes e configuragédo
da paisagem. Conefor Sensinode é um programa que analisa a conectividade funcional
com base na Teoria dos Grafos (Urban e Keitt, 2001) e tem sido amplamente utilizado
em estudos de Ecologia de Paisagens recentes (por exemplo: Awade et al., 2012;
Carranza et al., 2012; Decout et al., 2012).

Embora o modelo conceitual aqui proposto diga a respeito as probabilidades de
colonizacdo, o que sugere a utilizacdo do indice de probabilidade de conexdo (PC)
(Saura & Pascual-Hortal,2007), porque os dados de entrada disponiveis possuem baixa
preciséo, utilizamos um indice binario mais simples, o indice Integral de Conectividade
(I1C). 1IC é o indice binario de conectividade mais recomendado (Pascual-Hortal &
Saura, 2006), e considera a distancia entre as manchas e a area (assumindo que a
mancha em si é um espago em que existe conectividade). Ele varia de zero a um, de
modo que o zero seria a auséncia de habitats e um seria uma paisagem em que toda a
areas é coberta pelo habitat.

Para cada grade simulamos os valores de IIC considerando trés limiares de
dispersdo (distancia maxima que os propagulos se dispersam numa matriz de dados),
que se relacionam com cenérios de permeabilidade da matriz, para cada uma das quatro
espécies. Subtraido os 1IC do produzido nos diferentes tratamentos (cendrios
permeabilidade da matriz), de modo que para cada grade e para cada espécie, trés
valores foram utilizado como a variavel explicativa:

AlICo.;: Aumento da IIC pela conversdo do manejo da matriz de O para 1
AlIC1,: Aumento da IIC pela converséo do manejo da matriz de 1 para 2
AlICg.2: Aumento da 1IC pela conversédo do manejo da matriz de 0 para 2

Foi comparada a eficiéncia de restauracdo para conectividade funcional, definida
por AIIC para as aves florestais em cenarios de restauracdo de matriz em paisagens com
diferente grau de isolamento na Mata Atlantica. Portanto, as hipoteses sdo de que AIIC ¢é
afetado pelo isolamento e atingira 0 seu maximo em niveis intermediarios de
isolamento. Adicionalmente, comparamos o poder de predi¢cdo dos modelos utilizando
média dos vizinhos mais proximos (MNN) e indice médio de proximidade (MPI)

3.5.6. As analises estatisticas

Foram ajustados Modelos Aditivos Mistos Generalizados (GAMM) aos dados de
AIIC para as espécies individualmente, utilizando MNN e Mpi como variavel
explicativa, considerando efeitos aleatdrios das grades.
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Utilizando o método de Splines como suavizador, GAMM ¢ recomendado para ajuste
de modelos nédo-lineares complexos com dados aninhados ou colinearizados (Zuur et al.,
2009). Em um GAMM, o modelador ndo tem a equacdo para determinada funcéo,
portanto, as analises apenas ajusta um modelo de suavizacdo para os dados. Os GAMM
foram rodados no programa R (R Development Core Team, 2009) utilizando os pacotes
mgcv e nlme. Os graficos de valores padronizados versus residuos ajustados foram
inspecionados visualmente. Foi considerado o limiar de significancia foi de 0,005

Para comparar o poder de explicacdo do MNN e MPI utilizamos o critério de
selecdo de modelos por Akaike (Akaike Information Criterion — AIC ) produzidos pelos
GAMM. Utilizou-se o AAIC, definido como AICwn - AlCwpi referente a mesma especie
e 0 mesmo cenario de conversdo. AIC é um tipo de selecdo do modelo que mede a perda
de informacGes do modelo ajustado, e tem sido recomendado para a selecdo de modelos
e competicdo entre hipdteses em ecologia (Johnson & Omland, 2004). Quanto menores
forem os valores da AIC, menor a quantidade de informacdo que foi perdida pelo
modelo ajustado, e melhor explica os dados.

3.6. Resultados

A média de vizinho mais proximo (MNN) foi 451,49 m (dp = 417,90; max
3372,43 min = 150,62) e o média dos indices de proximidade foi de 274.50 (dp
841,64; max = 6719,56; min = 0,11) para as 71 grades analisadas. A Figura 4 mostra o
AIIC média total para todas as espécies encontradas em cada grade.
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Figura 4: Média AIIC total para cada grade, considerando todos os cenarios de
conversdo e todas as espécies. OS Fragmentos de Mata Atlantica estdo em cinza claro.

Modelos ajustados sdo mostrados na figura 5, para MNN e figura 6 para Mpi.
De todos os 24 modelos ajustados, apenas trés ndo foram significativos nos termos de
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suavizacgdo todos estes utilizando MNN como varidvel explicativa (Figura 5B, 5.C e

5.H).
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Figura 5: Ajustes dos modelos GAMM para AIIC das quatro espécies de aves para os
trés cenarios da matriz de conversdo usando MNN como varidvel explicativa. O Eixo Y
¢ valor de AIIC (variacdo em torno AIIC média). Todos os termos suavizadores foram
significativos, exceto para os cendrios com “n.s.”
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O grafico de residuos mostrou um padrdo, no qual houve uma dispersdo ao
longo dos valores ajustados mais altos. Apesar disto, a variancia de residuos
padronizados em torno do zero pareceu homogénea na maioria dos casos.
Como um padrao geral, AIIC ¢ influenciado negativamente pelo isolamento, portanto,
em paisagens com niveis mais baixos de isolamento (Mpi alta e baixa MNN), a
restauracdo da matriz € mais eficaz no aumento da conectividade funcional. Este padrao
foi corroborado por todos os modelos com excecdo dos referentes a P. leucoptera,
conversdo de 'zero a um'; S. scansor, conversdo de 'zero a um' e C. caudata, converséo
"um para dois" usando MNN como varidvel explicativa, para 0s quais termos
suavizadores ndo foram significativos. Com relacdo aos modelos usando Mpi como
variavel explicativa, dois do total de 12 cenarios ndo seguiram uma relacdo negativa
entre AIIC e isolamento. Ou seja, os modelos dos cenarios C. caudata, conversdo de
"um para dois" e de "zero a dois". A AIC para cada um dos modelos estdo na tabela 3.
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Tabela 3: AAIC dos modelos utilizando Mnn (média dos vizinhos mais proximos) e
Mpi (média do indice de proximidade) para as diferentes espécies e diferentes cenarios
de converséo

Espécies Cenario de conversao AAIC (AICMpi -
da matriz AICMnn)

C. caudata Zero para um 65.99
um para dois 91.91

zero para dois 9491

S. scansor Zero para um 383.79
um para dois 47.89

zero para dois 383.79

P. leucoptera Zero para um 316.87
um para dois 117.71

zero para dois 162.57

X. fuscus Zero para um 59.70
um para dois 32.72

zero para dois 55.63

3.7. Discussao

O AIIC (delta do indice de conectividade entre 0s cenarios) variou grandemente
entre grades, o que significa que a restauracdo da matriz deve ter diferentes graus de
eficiéncia em diferentes areas. O AIIC se relacionou com métricas de isolamento na
maioria dos modelos, especialmente aqueles em que Mpi foi utilizada como variavel
explicativa. Isto corrobora a primeira hipotese de que AIIC € uma fung¢do de isolamento,
e assim pode assistir os gestores e tomadores de decisdo na definicdo as regifes
prioritarias para a restauracdo da matriz. O melhor preditor de AIIC foi Mpi, uma vez
que todos os valores de AAIC foram positivos. Cabe notar que MNN ¢ uma medida de
distancia entre manchas, enquanto MPI associa a area a distancia entre manchas. Uma
vez que IIC também considera area, pode existir algum grau de correlacdo entre Mpi e
AIIC, embora a maior grau de correlagdo tendo sido reduzido nos valores de AIIC
(como dois valores sdo subtraidos da IIC). Portanto, deve haver um pequeno grau de
autocorrelagdo entre Mpi e AIIC e tal fato pode ter aumentado o poder de explicacdo
dos modelos Mpi em comparagdo com MNN. Apesar disso, acredita-se que essa
influéncia ndo tenha enviesado o resultado do presente estudo do ponto de vista
ecoldgico e da conservagdo, mas uma investigacdo matematica mais aprofundada é
recomendada.

A segunda hipdtese, de que os niveis de isolamento intermediarios seriam
responsaveis por maiores valores AIIC ndo foi corroborada pela maioria dos modelos,
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com excecdo de um cenédrio (do total de 24). Para Mpi, P. leucoptera, cenario de
conversdo de "zero a um™, os valores médios de Mpi se associaram a deltas maiores
corroborando nossa hipotese (Fig. 5B). Em geral, AIIC diminuiu com o grau de
isolamento da paisagem, exceto para este ultimo cenéario descrito (Fig. 5B), e pelo
cenario de conversdo "um para dois" (Fig. 6.H), e C. caudata "zero para dois" dos
cenarios (Fig. 6.1).

Portanto, os dados no geral sugerem que a restauracdo da matriz deve ser mais
eficaz para a conectividade funcional em situacdes em que as manchas de habitat ndo
sdo muito isoladas umas das outras. Uma possivel razdo para este padrdo pode ser o fato
de que o grau de isolamento minimo das grades serem maior do que os valores em que
se esperaria altas taxas de travessia dado o baixo grau isolamento relativo das grades.
Em outras palavras, o padrdo descrito na figura 1.B ndo ocorre na Mata Atlantica de
Minas Gerais, por causa da configuracdo da paisagem.

Outra explicacdo para o efeito negativo de isolamento em AIIC ¢é que, ao olhar
para a figura 2 e aumentando o pool de espécies no que se refere a espécies com baixo
poder de dispersdo, o maximo AIIC ¢ atingido em niveis mais baixos de isolamento.

Portanto, se considerarmos espécies que possuem habilidade de dispersdo
inferior aos "maus dispersores” (mas, superior do que "muito maus dispersores™), a
relacdo entre AIIC e isolamento deveria seguir uma fun¢do de decaimento exponencial
negativa. Este padrdo foi encontrado para a maioria dos modelos e sugerem que, dadas
as capacidades de dispersdo e configuracdo da paisagem, AIIC ¢ maxima em baixos
niveis de isolamento. Apesar disso, 0 estabelecimento de uma regra geral para prever
eficacia de restauracdo de matriz para a conservagdo da conectividade funcional é
dificil, sendo que uma analise especifica para cada espécie, cenarios de conversdo e de
isolamento paisagem é recomendado.

A resposta Mpi a conversdo de "um para dois™ (Fig. 6.H), e de "zero a dois"
(Fig. 6.1) para C. caudata apresentou um padrdo inverso do que o esperado pela nossa
hipGtese. Em tais cendrios, os niveis mais elevados de AIIC sdo encontradas nas
extremidades inferiores e superiores da variacdo de Mpi e em niveis intermediarios de
Mpi, AIIC atinge o minimo. Isto € particularmente claro para o cenario de conversao
"um para dois" (Fig. 6.H), em que o intervalo de confianca de 95% € mais proximo do
modelo ajustado. Ndo possuimos uma explicacdo para tais padrGes e uma investigacao
mais aprofundada por outros estudos, especialmente no que se refere aos aspectos
matematicos, é sugerida.

Outro aspecto importante do modelo é a baixa precisdo dos dados de entrada,
uma vez que estes sdo muito heterogéneos, amostrados por meio de técnicas diferentes e
até mesmo medindo diferentes aspectos ecoldgicos. Por exemplo, utilizamos dados de
disperséo, area de vida e territoriais para estimar o limiar de dispersdo. Apesar de tal
limitacdo, esperar até que os bidlogos de campo coletem dados precisos e exatos sobre
habilidade de dispersédo de espécies pode levar muito tempo, e modeladores devem
saber como lidar e fazer previsfes utilizando os dados que estdo disponiveis (Green et
al, 2005; Butler et al., 2007). De acordo com Koening et al. (1996) os estudos de
movimento de animais sdo sempre enviesados e ndo se espera que presente trabalho seja
diferente. Apesar de ndo haver dados precisos de habilidades de disperséo das espécies,
a Tabela 1 sugere existir um padrdo entre as espécies. Por exemplo, o aumento da
qualidade da matriz leva a um aumento da distancia da disperséo, sendo que tal padrdo
se repete entre as espécies. Isto sugere que a capacidade de dispersdo das espécies nas
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matrizes (que é a principal entrada de dado do modelo) foi “internamente validado"
(definicdo apds Rykiel, 1996) apoiando 0s nossos resultados.

Finalmente, outros aspectos ligados a restauracdo da matriz, diferentes de
melhoria da conectividade funcional devem ser considerados para a definicdo de areas
prioritarias para a restauracdo da matriz. A qualidade matriz também pode afetar as
taxas de extincdo através de suplementagédo de recursos, caracterizado pela utilizacdo de
matriz adjacente por espécies florestais para forrageamento (Tubelis et al., 2007;
Goulart et al., 2011) Portanto, mesmo que a restauracdo da matriz ndo promova a
conservagdo da conectividade funcional, pode beneficiar a biodiversidade de outras
maneiras e tal fato deve ser considerado no manejo da paisagem.

3.8. Conclusao

Nossos resultados mostram que a eficacia da restauracdo da matriz varia muito
entre as regides, de modo que em algumas grades esse valor foi zero. Portanto, dada a
capacidade de dispersdo de espécies e configuracdo da paisagem, A restauracdo da
matriz de paisagens nestas areas nao teria qualquer efeito sobre AIIC e, portanto, ndo
tém qualquer contribuicdo para a conservacdo de conectividade. Por outro lado, em
outras grades, a restauracdo da matriz aumentou significativamente IIC, contribuindo
grandemente para aumentar a conectividade funcional.

O AIIC ¢ influenciado pelas métricas de isolamento, corroborando nossa
primeira hipotese e os resultados podem ajudar gestores priorizar regides em que a
restauragdo da matriz ¢ mais eficiente. O Mpi possuiu maior poder de previsdo do AIIC
do que MNN, portanto Mpi € mais eficaz na definicdo de &reas onde matriz restauracdo
é prioritaria. A segunda hipotese produzida pelo modelo conceitual ndo foi corroborada
pelo modelo, com excecdo de um caso (cenario de conversdo de "zero a um", para P.
leucoptera usando Mpi como variavel explicativa). Na maioria das situagdes, O AIIC
foi maior em niveis inferiores de isolamento. Portanto, a restauracdo da matriz em
paisagens onde manchas de habitat sdo maiores e mais préximos uma das outras é a
melhor opcdo para conservar a conectividade funcional de aves florestais da Mata
Atlantica. Apesar disso, o0 estabelecimento de uma regra geral de resposta do AIIC ao
isolamento pode desconsiderar a especificidade de cada caso, simplificando
excessivamente o fendmeno e levando a manejos nao étimos.

Outro aspecto importante do modelo conceitual, e que pode ter aplicacbes
praticas (embora ndo tenha sido testado no presente estudo), é o fato de que,
teoricamente, os AIIC ndo devem ser afetados por isolamento no que se refere aos "
muito bons dispersores” e "muito maus dispersores”. Portanto, se os limiares de
dispersdo muito altos ou muito baixos, considerando a variagdo de isolamento, a
restauracdo da matriz deverd ter pouco ou nenhum efeito sobre a conectividade
funcional.

Finalmente, tomadores de deciséo e gestores podem usar esses resultados para
fazer um manejo da paisagem mais eficiente, em termos de conservagdo de
conectividade funcional. Isto é particularmente importante no dominio da Mata
Atlantica, em que um alto grau de fragmentacdo sugere que o potencial de conservagédo
dos fragmentos médios e pequenos seja urgentemente maximizado. Considerando que o
aumento das areas florestais, atraves da restauracdo, € geralmente inviavel, manejos que
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aumentem a conectividade da paisagem e lidem com demandas de producédo agricola,
como sistemas agroflorestais, sdo recomendados.
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4. CAPITULO 2:

Efeito da intensificacdo da matriz agricola sobre 0s
passaros endémicos em uma paisagem da Mata
Atlantica: um modelo qualitativo sobre estocasticidade
e imigracao

4.1. Resumo

Compreender como os diferentes tipos de manejo da matriz de paisagem afetam
organismos que habitam manchas de habitat natural é crucial para a conservacéo
bioldgica. Tal fato se d& uma vez que a maior parte da biodiversidade terrestre habita
sistemas agricolas ou fragmentos de habitat inseridos em uma matriz agricola.
Considerando que a maior parte dessas paisagens agricolas € composta por sistemas
intensivos, ou que correm risco de sofrer intensificacdo agricola, uma questdo relevante
para 0 manejo é: como a intensificacdo da matriz agricola afeta a dinamica populacional
de péssaros habitando fragmentos florestais inseridos nesta matriz? O presente capitulo
descreve um modelo qualitativo baseado em Teoria Qualitativa dos Processos e
implementado através do software Garp3 para responder esta questdo. O modelo
descreve uma paisagem composta por um fragmento fonte resistente a extingdo e um
fragmento alvo no qual eventos populacionais estocasticos podem ocorrer. Se a
permeabilidade da matriz exceder um dado limiar espécie especifico, propagulos
provenientes da fonte alcancam o fragmento alvo. A intensificacdo agricola afeta a
estrutura espacial da matriz e reduz a permeabilidade da mesma para as aves florestais,
reduzindo assim o efeito resgate. Além disso, assume-se que algumas espécies podem
usar a matriz como um habitat complementar para a alimentacdo e que 0 manejo da
matriz pode afetar a base de recursos para essas espécies. Os resultados da simulagdo
sugerem que, se a intensificacdo da agricultura continuar a ocorrer no dominio Mata
Atlantica, as populacdes de espécies sensiveis que habitam pequenas manchas florestais
(situacdo em que se encontra a maioria das populacdes que habitam remanescentes
florestais) serdo altamente suscetiveis a extingdo local sem futuros eventos de
recolonizacéo.

Palavras-chave: ecologia da paisagem; conservacdo de aves; extin¢do local;
metapopulacdo; efeito de resgate; raciocinio qualitativo.

4.2. Introducao

Estudos sobre o efeito da fragmentacdo na avifauna florestal tém enfocado o
efeito do tamanho do fragmento (Maldonado-Coelho & Marini 2000, Marini 2001,
Ribon et al. 2003, Ferraz et al. 2007, Giraudo et al. 2008), grau de isolamento dos
fragmentos (Tischendorf et al. 2003, Nol et al. 2005) e influéncia de corredores (Uezu et
al. 2005, Castellon & Sieving 2006). Dessa forma, a maioria dos estudos sobre efeito da
fragmentacdo de habitat nas espécies aborda temas relacionados as caracteristicas das
manchas de habitat ou configuragédo destas. Por outro lado, a matriz em que manchas de
habitat naturais estdo inseridas desempenha um papel crucial na dindmica das
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populagdes que as habitam, afetando o efeito resgate e a base de recursos, influenciando
profundamente as dinamicas populacionais (Tubelis et al. 2004, Antongiovanni &
Metzger 2005, Kupfer et al. 2006).

De acordo com Cassaman e Wood (2005), 24% da superficie terrestre €
composta por sistemas agricolas, sendo que McNeely and Scherr (McNeely & Scherr
2003 appud: Perfecto & Vandermeer 2008) estimam que 70% da area terrestre tropical
seja composta por sistemas agricolas, pastagens ou paisagens sujeitas a manejos mistos.
Portanto, em escala global, grande parte da matriz que envolve ou contém a
biodiversidade é agricola. Dessa forma, a compreensdo de como diferentes tipos de
manejo da matriz agricola afetam as dindmicas meta-populacionais das espécies que
habitam manchas de habitat inseridos na matriz é de extrema importancia para a
conservacao das mesmas (Perfecto et al. 2009, Perfecto & Vandermeer 2010).

Mudancgas nas préaticas agricolas nos ultimos 30 anos mostram que, como
tendéncia geral, o agroecossistema tem se tornado mais intensivamente manejado.
Portanto, a compreensdo de como a intensificacdo do uso da terra afetard espécies que
habitam manchas de habitat inseridos em uma matriz agricola é fundamental para a
conservacdo biologica (Brady et al. 2009). Intensificacdo da agricultura é o termo
genérico dado a mudancas nas praticas agricolas que comecaram apds a Revolugdo
Verde e inclui o uso de pesticidas, sistemas de irrigagdo, mecanizacdo, aumento de
tamanho da propriedade e a especializacdo produtiva (perda de diversidade cultivada)
(Altieri 1999), além da reducdo da heterogeneidade temporal e espacial em varias
escalas (Benton et al. 2003). Os impactos da intensificacdo agricola sobre a
biodiversidade sdo amplamente reconhecidos, sendo que alguns autores sugerem que
esta seja uma das principais ameacas a biodiversidade em escala global (Benton et al.
2003, Donald & Evans 2006).

A maioria dos estudos sobre efeitos da intensificacdo agricola nas espécies se
referem as populagbes que habitam o agroecossistema, tendo as aves em regibes
temperadas como principal foco (Kreb et al. 1999, Brickle et al. 2000, Ormerod &
Watkinson 2000, Chamberlain et al. 2000, Donald et al. 2001, Hole et al. 2002). Por
outro lado, consideragdes tedricas apontam para um profundo impacto da intensificacdo
da matriz sobre as populacfes que habitam as manchas de habitat natural inseridas na
mesma. Portanto, as préaticas agricolas devem ser entendidas além do nivel local (do
cultivo), mas na escala da paisagem (Donald & Evans 2006, Perfecto & Vandermeer
2010). O dominio Mata Atlantica abrange a parte Sudeste do Brasil e partes do Paraguai
e Argentina e é considerado um hotspot mundial de conservacao (Myers et al. 2000). O
desmatamento destruiu grande parte da cobertura florestal desse dominio, de modo que
apenas 7% da cobertura original permanece (Ribeiro et al. 2009). A maioria dos
fragmentos florestais remanescentes possui tamanho inferior a 50 ha (Ribeiro et al.
2009), o que leva a altas taxas de extincdo local de espécies de aves que os habitam
(Ribon et al. 2003, Ferraz et al. 2007).

Assim como outros grupos, as aves apresentam grande variacdo demografica
(Saether & Bakke 2000, Saether et al. 2002). Variagcbes demograficas podem ser
causadas por fatores externos como estocasticidade ambiental, predacdo, fragmentagéo
(Primack e Rodrigues 2001), bem como fatores intrinsecos a populagéo (estocasticidade
demografica) (Lande, 1993). Estocasticidade demografica é causada pela variagOes
aleatorias nas chances individuais de morte e reprodugdo em uma populagdo finita. Uma
vez que eventos individuais independentes tendem a se estabilizar em grandes
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populacbes, estocasticidade demogréafica é particularmente importante em pequenas
populacdes (Harrison 1991). No entanto, a extin¢do local causada por estocasticidade
pode ser compensada pela imigracdo de propagulos provenientes de outras &reas,
caracterizando o efeito resgate (Brown & Brown-Kodric 1977). Assim, a conectividade
de paisagens € um elemento vital para a (re)colonizagdo e conservacdo da
biodiversidade de espécies em paisagens fragmentadas (Taylor et al. 1993).

Passeriformes especialistas que habitam o sub-bosque florestal s&o
particularmente afetados pela fragmentacdo (Stratford & Stouffer 1999). A razéo para
esta sensibilidade é principalmente a baixa capacidade de dispersdo que se da pela
relutdancia em atravessar areas abertas (Desrochers & Hannon 1997, Bélisle & Clair
2002). Esta caracteristica restringe a imigracdo em pequenos fragmentos, tornando as
populacdes propensas a extingdo local, sem futuras recolonizacdo (Sekercioglu et al.
2002). Portanto, as acfes de conservacdo que objetivam a conservacdo passaros
insetivoros de sub-bosque, podem, por conseguinte, conservar guildas menos sensiveis
(Castellén & Sievings 2006). Utilizando o jargdo ecoldgico, tais espécies podem ser
consideradas espécies "guarda-chuva" (Primack & Rodrigues 2001).

A fim de simular como a intensificacdo da matriz agricola pode afetar aves
florestais dada a sua sensibilidade as variacfes de estocasticidade e imigracéo, usamos
uma técnica de modelagem que € apropriada para lidar com dados disponiveis para as
espécies estudadas. O Raciocinio Qualitativo (RQ) é uma area da Inteligéncia Artificial
que cria representacdes de aspectos continuos do mundo, que da suporte ao raciocinio
com muito pouca informacdo, veja a edicdo especial de RQ no periddico Ecological
Informatics, 4 (5-6): 261-412. A pesquisa em Raciocinio Qualitativo é o resultado de
diferentes abordagens de modelagem (Weld & de Kleer 1990), a maioria deles,
incluindo um conjunto de dependéncias que capturam relacdes causa-efeito entre
grandezas. O programa Garp3 usa esse tipo de raciocinio para construir modelos de
simulacédo (Bredeweg et al. 2009).

No raciocinio qualitativo, as relacBes entre as quantidades incluem dependéncias
causais de dois tipos: as influéncias diretas (I + e I-) e proporcionalidades qualitativas (P
+ e P-) (Forbus 1984). Influéncias diretas representam processos que sdo a causa inicial
de mudanca nos sistemas. Os efeitos dos processos sdo propagados por meio de
proporcionalidades para o resto do sistema. Os valores numéricos das quantidades sdo
abstraidos a fim de representar seus estados quantitativos. Em modelos qualitativos,
estas areas de valor sdo incluidas nos chamados espagos gquantitativos (Salles e
Bredeweg 2006). Espacos quantitativos sdo compostos por pontos intercalados por
intervalos, de modo que os pontos sdo valores especificos (ex.: médias, zero e valores
limiares) e intervalos que sdo espacos de valores incertos entres os pontos (Bredeweg et
al. 2009). Este método é uma ferramenta valiosa em ecologia, porque suporta o
raciocinio com os dados de baixa resolucdo (Salles & Bredeweg 2003). Dado que 0s
conhecimentos sobre os sistemas ecoldgicos sdo muitas vezes incompletos, incertos,
escassos, empiricos e ndo-formalizados, esta técnica tem sido usada com sucesso para
resolver problemas ecoldgicos (Salles & Bredeweg 2006).

A aplicacdo do raciocinio qualitativo para responder questdes ecoldgicas e de
conservacao incluem temas como restauracdo de corpos d' agua (Salles et al. 2006), a
proliferacdo de algas em ambientes aquéaticos (Cioaca et al. 2009), pesca sustentavel
(Zitek et al. 2009) , o impacto hidrovia sobre a fauna e flora aquaticas (Goulart & Saito
2012), tomada de decisdo individual sobre copulas extrapar em espécies de aves (Dias
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& Salles 2009) e aprendizado sobre conceitos ecoldgicos (Nuttle & Bouwer 2009). No
caso de dispersdo de animais, os dados sdo ainda mais imprecisos (Holyoak et al. 2008)
e, na regido tropical, até mesmo contraditérios (Marini 2010, Hansbauer et al. 2008).
Este capitulo descreve o um modelo de raciocinio qualitativo para explicar como a
intensificacdo matriz agricola afetard quatro espécies de aves em uma paisagem de Mata
Atlantica no sudeste do Brasil. Mais especificamente, o capitulo se prope a responder a
seguinte pergunta: Como a intensificacdo da agricultura da matriz de paisagem da Mata
Atlantica afeta quatro espécies de passaros de sub-bosque endémicos que habitam
pequenas manchas florestais que sofrem variacGes populacionais aleatérias?

4.3. Métodos
4.3.1. Descricdo da paisagem

Din&dmica metapopulacionais podem variar a partir de uma estrutura cléssica em
que varias subpopulacbes de mesma magnitude de tamanho interagem por meio da
migracdo em um modelo continente-ilha. Ou seja, é assumido que uma subpopulagédo
resistente a extingdo (continente) emite propagulos que eventualmente atingem
pequenas manchas de habitat adjacentes (Harrison, 1991). Pullian (1988) descreve uma
paisagem em que existe uma mancha de alta qualidade e manchas periféricas com baixa
qualidade de habitat. No presente modelo, descrevemos uma situagcdo do tipo
Continente-ilha, mas usamos o termo "fonte-alvo" para diferir de modelos insulares que
consideram uma matriz estatica, bem como a divergir da descri¢do de Pullian, uma vez
gue assumimos que as manchas possuem a mesma qualidade. O presente modelo
descreve uma paisagem tedrica em que a Fonte de espécies (>100 ha) é um grande
fragmento florestal e Fragmento florestal alvo (10 a 20 ha) é um pequeno fragmento de
floresta adjacente. Ambos os fragmentos se encontram em estagio avangado de sucessao
e possuem alta qualidade de habitat para as quatro espécies. Devido ao seu tamanho,
assume-se que a Fonte de espécies seja resistente a extin¢do, uma vez que as taxas de
extincdo das espécies alvo em fragmentos dessa magnitude sdo relativamente baixas
(Ribon et al. 2003). Ambos os fragmentos florestais estdo inseridos em um
agroecossistema, a matriz agricola; sendo a distancia entre os fragmentos entre 300m e
800m, que € uma configuracdo paisagistica comum no contexto da Mata Atlantica
(Ribeiro et al. 2009). A matriz é inicialmente composta por cultivos ndo intensivos,
como sistemas agroflorestais, mais especificamente policulturas tradicionais (definigéo
de Moguel & Toledo 1999) e quintais agroflorestais (Goulart et al. 2011).

4.3.2. Caracteristicas das espécies

Quatro espécies de aves passeriformes endémicas da Mata Atlantica foram
escolhidas para este estudo: Chiroxiphia caudata (Pipridae), Pyriglena leucoptera
(Formicariidae),  Sclerurus  scansor  (Furnariidae),  Xiphorhynchus  fuscus
(Dendrocolaptidae). Com excecdo de C. caudata, que é um omnivoro de sub-bosque
médio, todas as outras espécies sdo insetivoras de sub-bosque (Sick, 1997). Estas sdo
algumas das espécies mais conhecidas na Mata Atlantica, de modo que seria impossivel
construir este tipo de modelos para outras espécies, considerando os dados ornitologicos
disponiveis. Uma descri¢do detalhada das espécies é apresentada no Capitulo 1.
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4.3.3. Descri¢do do modelo

O modelo possui oito entidades: Intensificacdo agricola, Matriz agricola, Fonte
de Espécies, Fragmento florestal alvo, Sclerurus scansor, Pyriglena leucoptera,
Chiroxiphia caudata, Xiphorhynchus fuscus. Dois agentes externos foram modelados:
Imigrantes e Eventos estocésticos. Entidades agentes, definicdo bésica das variaveis
usadas e espacos quantitativos esta mostrado no Apéndice 2. A entidade de cada espécie
esta associada a Taxa de variacdo da subpopulagdo. O espacos quantitativo da variavel
N subpopulacional é composto por Maximo, Grande, Médio, Pequeno e Zero, de modo
que Grandes e Pequeno sdo intervalos e Médio, Zero e Maximo sdo pontos. O valor
Maximo representa a capacidade de suporte da subpopulacdo na mancha florestal e Zero
representa extincdo local. A Permeabilidade estrutural é composta pelo espaco
quantitativo: Maximo, Muito alto, Alto, Médio, Baixo, Muito baixo e Zero. A
Permeabilidade estrutural representa a estrutura da matriz no que se refere a facilitacdo
ou restricdo do fluxo de propagulos através da mesma, de modo que espécies diferentes
respondem de forma diferente a esta varidvel. Por exemplo, C. caudata é uma espécie
muito vagil, de modo que se assume que propagulos de Fonte sempre alcangcam o
Fragmento alvo, independentemente do valor da Permeabilidade estrutural. Assim, C.
caudata geralmente apresenta uma dinamica do tipo populacdo heterogénea (patchy
population) (sensu Harrison 1991), diferentemente de estrutura de metapopulacgéo,
propriamente dita (Marini 2010). S. scansor foi considerada aqui como a espécie com
menor mobilidade. As outras espécies sdo consideradas como tendo uma resposta
intermediaria (limiar de permeabilidade estrutural igual ao valor Médio). A forma com
gue a migracdo é afetada pela permeabilidade da matriz é representada na Tabela 1.

Tabela 1: Efeito da permeabilidade da matriz nas diferentes espécies.

Espécies Condicao (Se permeabilidade Efeito na taxa de variagdo da
estrutural...) subpopulagdo
C.caudata = -mmmemeee- Sim
P. leucoptera ... for maior do que Baixo Sim
.. for menor do que Baixo Né&o
C. lineata ... for igual ou maior do que Baixo Sim
.. for menor do que Baixo Né&o
X. fuscus ... for igual ou maior do que Alto Sim
.. for menor do que Alto Né&o
S. scansor ... for igual ou maior do que Alto Sim
.. for menor do que alto Né&o

Todas as figuras apresentadas a seguir foram produzidas automaticamente pelo
Garp3. Assume-se que Eventos estocasticos no Fragmento florestal alvo é uma variavel
aleatdria que se varia de Zero ao Maximo (Zero, Pequeno, Médio, Grande e Maxima).
Para as espécies menos sensiveis (C. caudata e P. leucoptera), se Eventos estocasticos
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for maior do que o valor Médio, tal varidvel afeta negativamente Taxa de variagdo
Subpopulacéo. Para espécies de sensibilidade moderadamente alta (X. fuscus), a
influéncia negativa dos Eventos estocasticos € ativada se o valor deste for maior ou
igual a Médio. Finalmente, S. scansor, uma espécie muito sensivel, € sempre afetada
negativamente por Eventos estocasticos, independente os seus valores (Tabela 2). Além
disso, considera-se que P. leucoptera e C. caudata se alimentem na matriz
(suplementacdo na matriz) se Abundancia de insetos e a Disponibilidade de frutos
forem iguais ou superiores a Médio.

Tabela 2: Efeito dos Eventos estocasticos nas diferentes espécies habitando o
Fragmento florestal alvo.

Espécies Condigéo (Se Eventos estocasticos Efeito na taxa de variacdo das
forem...) subpopulacgdes
C. caudata ...for igual ou maior do que Médio Sim
... for menor do que Médio Né&o
P. leucoptera ...for igual ou maior do que Médio Sim
...for menor do que Médio Né&o
C. lineata ...for igual ou maior do que Médio Sim
...for menor do que Médio Né&o
X. fuscus ...for igual ou maior do que Médio Sim
...for menor do que Médio Né&o
S. scansor Sim

No que diz respeito as relagdes que ocorrem na Matriz agricola, a Densidade e
riqueza de arvores afeta positivamente a Disponibilidade de frutos e afeta
negativamente a Incidéncia de luz. Heterogeneidade entre-cultivos afeta positivamente
a Abundancia de insetos e Permeabilidade estrutural. Além disso, a Complexidade
vertical e Densidade e riqueza de arvores afetam positivamente a Permeabilidade
estrutural da Matriz agricola, uma vez que estas caracteristicas sdo conhecidas por
facilitar os movimentos aves de subbosque através da matriz (Antongiovanni & Metzger
2005, Boscolo et al. 2008). A Incidéncia de luz influencia negativamente a
Permeabilidade estrutural, pois muitas espécies de aves de interior florestal possuem
comportamento "fotofébico™ (Sick 1997), portanto, a 0 aumento da Incidéncia de luz
diminui os movimentos de aves através da Matriz agricola. Para uma descri¢do
detalhada do modelo, ver o manuscrito no apéndice da tese.

4.4. Resultados
4.4.1 Cenarios

A versdo atual do modelo possui cenarios para executar nove simulag@es, cinco
em que matriz cultivada é submetida a intensificagdo agricola e quatro em que praticas
ndo intensivas sdo mantidas. Um dos cenarios de manejo intensivo verificou a



63

influéncia da intensificacdo nas variaveis da Matriz agricola. Os outros quatro cenarios
submetidos a ambos os tratamentos (intensivo e ndo intensivo) sao iguais ao primeiro,
mas envolvem adicionalmente os fragmentos florestais e as espécies individualmente.
Todas as simulacbes comegam com um cenario inicial no qual a Permeabilidade
estrutural é Méaxima, a Incidéncia de luz é Médio, Riqueza e densidade de arvores e é
Maéaxima, Pesticidas é Zero, a Complexidade vertical € Maxima, a Disponibilidade de
frutos € Méxima, a Abundancia de insetos € Médio e Heterogeneidade entre-cultivos é
Maéaximo. Quanto as simulacfes em que espécies de passaros estdo incluidas, no cenario
inicial a variavel Taxa de migracdo é Positiva, Quantidade propagulos é Grande,
Eventos estocasticos € Médio e Taxa de variacéo subpopulacéo é Zero. Nas simulacdes
em que as espécies de aves sdo incluidas, nos cenarios iniciais a taxa de Migragdo é
positiva, Quantidade de propagulos é Grande, Eventos Estocasticos sdo Meédio e Taxa
de variacdo da populacdo é Zero. N subpopulacional é assumido inicialmente como
tendo o valor Médio, exceto para S. scansor, que comega com o valor Pequeno.

A Figura 1 representa o modelo causal obtido ap6s o primeiro estado da
simulacdo do cenério "intensificacdo da agricultura afeta matriz agricola".

Agricultural intensification

(Agricultural intensification E v

:

Farmed matrix .
Heterogeneity among farmplots
(Hetrogenety among fampcss
Fruit availability

Tree density richnesg

Figura 1: Modelo causal produzido a partir de simula¢bes preliminares mostrando o
efeito da Intensificacdo agricola na Matriz agricola.

Em relacdo aos cenarios em que espéecies de aves e manchas florestais séo
incluidas, no cenario inicial a Taxa de migracéo é positiva, Quantidade de propagulos é
Grande os Eventos estocasticos sao Médio, a Taxa de variacdo subpopulacdo é Zero e N
subpopulacional é Médio. Taxa de migracdo comeca no positivo, Quantidade de
propagulos associada com a Fonte spp. é grande. A Figura seis representa 0 cenario
inicial, na qual a intensificacdo Agricultura afeta Chiroxiphia caudata que habitam a
Fragmento florestal alvo que eventualmente, é submetido a Eventos estocasticos e
chegada de propagulos. Foi atribuido um comportamento exogeno a quantidade Eventos
estocasticos que é representado com um ponto de exclamacédo na figura 2. A Figura 3 é
0 modelo causal produzido a partir do primeiro estado da simulacdo deste cenario. A
Figura 4 representa o cenario inicial, na qual praticas ndo intensivas sdo mantidas e a
influéncia destas sobre a dinamica metapopulacionais de Sclerurus scansor (Eventos
estocasticos e influxo de individuos) é simulada. Neste cenario, utilizam-se o0s
pressupostos “"Pressupfe que Complexidade vertical, Heterogeneidade espacial,
Densidade e riqueza de arvores e pesticidas correspondem™ e "Pressupbe que a
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complexidade Vertical define derivada da Abundancia de insetos". Esta ultima hipdtese
foi usada para reduzir o numero de estados da simulag&o.

4.4.2. Simulacdes gerais

A Figura 2 (a-i) mostra os diagramas de valor historico de oito variaveis
incluidas na simulagdo sobre o Unico caminho comportamental possivel [1,2,3,4,5]. A
Intensificacdo agricola conduz a uma diminuicdo da Heterogeneidade entre cultivos, a
complexidade Vertical, Densidade e riqueza de &rvores, Abundancia de insetos,
Abundéancia de frutas e Permeabilidade estrutural. Por outro lado, a intensificacdo
conduziu a um aumento do risco de Predacao, Pesticidas, e Incidéncia de luz.

Nas simulagbes em que as espécies florestais e fragmentos florestais estdo
incluidos, as varidveis associadas a matriz agricola seguem o mesmo padrdo da
simulacdo descrito na Figura 2, enquanto que as situacdes em que praticas nao-
intensivas sdo mantidas, os valores destas variaveis sdo mantidos no mesmos valores do
primeiro estado (estado 1). Pesticida é mantido em zero, e Heterogeneidade entre-
cultivos, Densidade e riqueza de arvores, Disponibilidade de frutos, a Permeabilidade
estrutural e a Complexidade vertical sdo mantidos no maximo ao longo das simulagdes.
Incidéncia de luz ¢ mantida em valor pequeno e Risco de predacdo é mantido em
médio.

As simulacgdes a seguir irdo avaliar a influéncia de variaveis da matriz sobre a
persisténcia das espécies no Fragmento florestal alvo, comparando os cenérios de uso
intensivo e ndo intensivo. Segue os resultados do efeito da intensificacdo da matriz
agricola nas espécies:

Farmed matrix: Fruit availability Farmed matrix: Light incidence
S\ Max
\J Large @, ®- Large
\Jz Medium s Medium
\J) Small @, @, Small
(®)— Zero

1 2 3 4 5
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Farmed matrix: Predation risk ®— Max
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—@&); Medium @), Small
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Farmed matrix: Heterogeneity among farmplots Farmed matrix: Insect abundance
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Farmed matrix: Tree density richness 1 2 3 4 5
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Farmed matrix: Structural permeability 1 2 3 4 5
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Figura 2: Histdria de valores selecionados da simulacdo do cenéario "intensificacdo
agricola afeta as variaveis associadas matriz" Os numeros abaixo dos diagramas
mostram a sequéncia do caminho comportamental, simbolos dentro dos circulos branco
se referem a derivada de primeira ordem (direcdo da mudanca) e simbolos menores a
direita dos circulos se referem & derivada de segunda ordem (valor da derivada no
préximo estado)

4.4.3. Chiroxiphia caudata

A simulagdo do cenério "C. caudata habita um fragmento de Floresta inserido
em uma matriz agricola, submetidas a intensificacdo agricola" produziu um total de 203
estados, sendo nove iniciais. Por exemplo, no caminho
[182,11,130,145,163,189,99,135,142,169,182], N subpopulacional decresce do valor
Méaximo (capacidade de suporte) a Zero, seguido de eventos de recolonizacéo (Figura
3).

Chiroxiphia caudata: N subpop

©—); Max
@), v, Large
@) \2 Medium
\J} @" ®"  Small
—@—ar Zero

182 111 130 145 163 189 99 135 142 169 182
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Figura 3: Variagdes no Nsubpopulacional de C. caudata no cenério em que a matriz é
submetida a intensificacdo agricola.

Tais ciclos ocorrem uma vez os Eventos estocasticos sdo mantidos em valores
Muito grande ao longo do caminho, levando a um declinio na Taxa de variacdo N
subpopulacéo. Por outro lado, a Quantidade propagulos associados com a Fonte spp.
vai afetar positivamente a Taxa de variacdo do N populacional. Em outro caminho, o N
subpopulacional estabiliza no maximo.

Por outro lado, a simulagdo do cenério "C. caudata habita um fragmento de
Floresta incorporado em uma matriz agricola na qual agricultura ndo intensiva é
mantida”, produzido trés estados iniciais e um total de 13 estados (Figura 4a). Os
diagramas histdria de valores mostram a estabilizacdo do N subpopulacional no cenario
ndo intensivo em valores Médios, em todos os caminhos comportamentais possiveis, tal
como a é mostrado na Figura 4b.

B) Chirexiphia caudata: N subpop
Max
Large
Medium
Small
Zero

10 12 2 1 5 6 10

Figura 4: Diagrama de comportamento (A) da simulacdo dos efeitos da intensificacéo
agricola na subpopulacédo de C. caudata, mostrando todos os possiveis caminhos e (B)
historia de valor associado ao caminho [10, 12, 2, 1, 5, 6, 10].

4.4.4. Pyriglena leucoptera

A Simulagdo completa do cenario "P. leucoptera habita um fragmento de Floresta
inserido em uma matriz agricola, submetida a intensificagdo agricola" produziu nove
estados iniciais e um total de 137 estados. N Subpopulacional estabiliza no Maximo,
bem como demonstrou ciclos de extin¢do/recolonizacdo. A simulagdo do cenario "P.
leucoptera habita um fragmento de Floresta inserido em uma matriz agricola na qual
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praticas intensivas ndo sdo mantidas " representaram trés estados iniciais e 13 finais. Em
todos os caminhos possiveis, 0 N subpopulacional estabiliza em valores Médios.

4.4.5. Xiphorhynchus fuscus

A simulacdo do cenario "X. fuscus habita um fragmento de Floresta inserido em uma
matriz agricola submetida a intensificacdo agricola” resultou em cinco cenarios iniciais
e 72 estados totais. Figura 9a mostra que, em um caminho selecionado, N
subpopulacional  estabiliza em  Zero (extingdo local). Neste caminho
comportamentamental, os Eventos estocasticos sdo mantidos Muito grande. Outra
possibilidade é estabilizar no Maximo, Pequeno, ou apresentar ciclos de
extincdo/recolonizagdo. A simulagdo do cenario "X. fuscus habita um fragmento de
Floresta inserido em uma matriz agricola em que ndo préticas intensivas sao mantidas”
resultou em cinco estados iniciais e 110 totais. A Figura 9b mostra a historia valor do N
subpopulacional associado a um caminho comportamento selecionado. A estabilizacédo
do N subpopulacional ocorreu em valor Pequeno e Maximo. Ciclos de
extincdo/recolonizagdo também estavam presentes.

A)
X fuscus: N subpop
Max
Large
(¥ Medium
¥, © ¥ ¥ & Small
(®)—®) - Zero
B) 3 10 15 21 32 39 49 38 50
X fuscus: N subpop
&AW Max
@ ), Large
—(o) Ay \J= Medium
¥, Small
Zero

2 11 14 23 39 51 71 72 86 21

Figura 5: Historia de valores produzidos a partir da simulacdo dos cenérios (A) "X.
fuscus habita o fragmento florestal inserido em uma matriz agricola sujeita a
intensificacdo” e (B) e "X. fuscus habita o fragmento florestal inserido em uma matriz
agricola na qual praticas ndo intensivas sdo mantidas"

4.4.6. Sclerurus scansor

A simulacdo do cenario de "S. scansor habita um fragmento de Floresta inserido em
uma matriz agricola, submetidas a intensificacdo agricola" resultou em cinco estados
iniciais e 88 totais. Neste cenario, N subpopulacional estabiliza em Méaximo, Pequena
(Figura 6a) Zero e apresentou ciclos extingdo/recolonizagdo. Em relacéo a simulacéo do
cenario "S. scansor habita um fragmento de Floresta inserido em uma matriz agricola,
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na qual praticas ndo intensivas sao mantidas" resultou em trés estados iniciais e 114 no
total. As principais tendéncias do N subpopulacional no cenario ndo intensiva é a
estabilizacdo valores Pequeno e Mé&ximo e em ciclos de colonizagéo/recolonizacgao
(Figura 6a, 6b).

A) Sclerurus scansor: N subpop
Max
Large
o Medium
¥, ¥ \/3 Small
¢—e - Zero
3 10 156 21 35 40 56
B)
Sclerurus scansor: N subpop
®—¥); Max
@, ¥, @), Large
A\ Y Medium
¥ & Ny Small
(of—ar Zero

103 65 85 88 95 22 41 57 69 77 9 103

Figura 6: Historia de valores produzidos a partir da simulacdo dos cenarios (A) "X.
fuscus habita o fragmento florestal inserido em uma matriz agricola sujeita a
intensificacdo” e (B) e "X. fuscus habita o fragmento florestal inserido em uma matriz
agricola na qual praticas ndo intensivas sdo mantidas".

4.4.7. Discussao

Nos cenarios de manejo intensivo, N subpopulacional associado a C. caudata e
P. leucoptera estabiliza em valores Maximos ou apresentam ciclos de
extincdo/recolonizacdo, enquanto no cenario em que praticas ndo intensivas sdo
mantidas, esta variavel estabiliza em Médio. Assim, a intensificacdo agricola levou a
instabilidade nas subpopulacdes de C. caudata e P. leucoptera que habitam o
Fragmentos florestal alvo. Apesar disto, N sub-populacional pode estabilizar em niveis
mais elevados (Maximo) no cenario intensivo, em comparagdo com ndo-intensivo, que é
um padréo inesperado porque ambas as espécies forrageiam na matriz e espera-se que a
diminuicdo na recurso alimentar afete negativamente as subpopulac¢Ges. Portanto, o
modelo indica que a intensificacdo da agricultura pode induzir ciclos de extingdes e
recolonizacdo em populacdes de C. caudata (Figura 3) e P. leucoptera, que seriam
mantidas estaveis se praticas ndo intensivas fossem mantidas. A resposta destas espécies
foram basicamente a mesma, apesar das diferencas das entradas de dados (assume-se
que C. caudata é mais do que vagil P. leucoptera, ver Tabela 4).

As subpopulagdes de X. fuscus de S. scansor também mostraram padrdes
semelhantes entre os cenarios intensivos e ndo intensivos. No cenario intensivo, N
subpopulacional estabiliza no Maximo, Pequeno, Zero (Figura 5a. e 6b), e mostra de
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ciclos de extingdo/colonizagdo, enquanto no cenario ndo intensivo, todas essas
tendéncias foram possiveis, exceto para o padrdo de extingdo local (N subpopulacional
igual a Zero ). O modelo indica que a intensificagcdo da agricultura leva a extincao local,
sem eventos de recolonizacdo posteriores em populacdes de X. fuscus e S. scansor
(Figura 5a e 6a), que sofreriam ciclos de extingdo/recolonizagdo em cenarios de manejo
n&o-intensivo da matriz.

Apesar disso, existem algumas diferencas nas respostas de X. fuscus e S. scansor
que possuem importancia ecologica. Nos cenarios de agricultura intensiva, a extingédo
(N subpopulacional estabiliza-se em Zero) ocorreu ap6s oito estados para X. fuscus
(Fig. 5.a) e seis estados para S. scansor (Fig. 6a). Isto indica que existe atraso na
extincdo de ambas as espécies, em resposta a intensificacdo da matriz, e que esta
laténcia € menor para S. scansor, em comparacdo com X. fuscus. A laténcia dos
declinios nas respostas da populagdes a destruicdo do habitat foi indicado por modelos
(Tilman et al, 1994), e foram validados por estudos empiricos (Kuussaari et al, 2009;.
Metzger et al, 2009; Vellend et al, 2006 ). Mais especificamente, estudos de modelagem
qualitativa mostraram que existe uma laténcia na resposta das espécies a intensificacdo
agricola da matriz, e que tal laténcia deve ser maior nas especies que utilizam
fragmentos de habitat, em comparacdo com espécies que usam 0 agroecossistema
(Goulart et al., 2010).

Os resultados do presente modelo indicam que as populagdes de X. fuscus e S.
scansor podem sofrer extingdo locais futuras sem posterior recolonizacdo, de modo que
muitas populagdes que ainda existem em pequenos fragmentos, inseridos em uma
matriz de agricultura intensiva, ainda permanecem porque tais populac6es ndo "pagaram
0 seu débito ecoldgico". Débito ecoldgico é definido como o nimero de individuos ou a
percentagem da populacdo prevista para extinguir-se ap6s uma mudanca de habitat
(Kuussaari et al., 2009). O fato do débito ecoldgico ndo ter sido pago, significa que a
populacdo ndo chegou a um equilibrio e que esta respondendo a estrutura da paisagem
passada. Tal fato possui sérias consequéncias para a conservacdo destas espécies, uma
vez que a presenca destes em pequenos fragmentos pode ser temporaria no longo prazo.
Apesar disso, 0 tempo exato desse atraso é desconhecido e estudos empiricos devem ser
realizados para avaliar esta questdo. Portanto, os resultados do modelo indicam que a
presenca de X. fuscus e S. scansor em pequenos fragmentos de mata inseridos em uma
matriz de manejo intensivo, como relatado por Neto (1998), podem ser susceptiveis a
extincdo local (sem futura recolonizacdo) nos proximos anos. X. fuscus também é
encontrado em pequenos fragmentos florestais inseridos em matriz de agricultura
intensiva (Piratelli et al. 2008) e essas popula¢fes também podem sofrer extin¢do local
em um futuro préximo. Dessa forma, a intensificacdo da agricultura pode atuar
indiretamente, reduzindo o efeito resgate e tornando a populacdo mais suscetivel a
eventos de extingdo local. Ademais, a intensificacdo agricola pode ter efeitos diretos
sobre o comportamento de suplementagédo de C. caudata e P. leucoptera.

O modelo foi bem sucedido em resolver o problema proposto, mas ha algumas
restricbes. Alguns diagramas de histéria de valores (por exemplo, Fig. 5b),
especialmente de eventos estocasticos e variaveis N subpopulacional mostram que,
mesmo sendo em seu nivel mais alto, apresentam derivadas com valores positivos, que é
fisicamente impossivel. 1sso aconteceu por causa do comportamento aleatorio da
variavel de eventos estocasticos e seu efeito sobre a Taxa de variagdo do N
subpopulacional, de modo que seria impossivel usar comportamentos aleatorios
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exogenos sem ter tais problemas. Estamos cientes de que essa é uma restricdo, mas
sugerimos que os resultados, do ponto de vista ecoldgico, seriam semelhantes.

4.5. Trabalhos relacionados e o potencial de raciocinio qualitativo

Véarios modelos sobre como as caracteristicas da matriz afetam a dispersdo de
animais tém sido propostos na literatura (Vandermeer & Carvajal, 2001, Gustafson &
Gardner 1996, Gardner & Gustafson, 2004, Revilla et al. 2004), mas comparar estes
resultados com os do presente estudo € dificil porque estes utilizaram técnicas de
modelagem diferentes, diferentes espécies-alvo e analisam outros parametros nao
abordados no presente estudo. Por outro lado, os modelos sobre os impactos da
intensificacdo agricola geralmente enfocam espécies que habitam o agroecossistema
(por exemplo, Benton et al. 2003, Benton 2007, Butler et al. 2007), mas ndo analisam
como a intensificacdo da matriz afeta a dispersdo. Green e colaboradores (2005)
propuseram um modelo descrevendo uma paisagem dindmica composta por areas
cultivadas e ndo cultivadas (set-aside), assumindo um balancgo entre a producéo agricola
e a densidade de uma dada espécie em ambas as areas (Green et al. 2005). Os autores
assumem que ndo existe qualquer relacdo entre as areas agricolas e fragmentos de
habitat (como a migracdo), sendo que tal pressuposto tem sido objeto de criticas
(Vandermeer & Perfecto 2005, Perfecto & Vandermeer 2010, Goulart et al. 2009). No
presente trabalho assume-se que a intensificacdo da agricultura ndo vai levar & perda de
floresta, que é obviamente uma super-simplificacdo, uma vez que a intensificacdo
muitas vezes leva ao desmatamento e a perda de habitat (Anglesen & Kaimowitz 2001,
Bélanger & Grenier 2002). Assim, o impacto da intensificacdo agricola sobre as
espécies florestais que habitam paisagens reais deve ser maior do que os resultados do
modelo sugerem.

No presente modelo, a simulacdo do mesmo cenario pode levar a estabilizacao
em diferentes niveis (desde extincdo local a capacidade de suporte), bem como
equilibrio dindmico a ciclos estaveis. Os ecdlogos tém reconhecido que dinamicas
populacionais poderiam apresentar multiplos estados estaveis (May 1976, 1977, Beisner
et al. 2003) e ciclos (ver Kendall et al. 1999, para uma revisdo sobre o tema), embora a
abordagem deles tenha sido diferente da apresentada no presente trabalho. Por exemplo,
May (1976) mostrou como simples equacdes diferenciais de primeira ordem podem
levar a uma série de comportamentos, desde pontos estaveis, bifurcac@es, ciclos estaveis
e flutuacGes aleatorias. No presente modelo, variacBes populacionais aleatorias (ou
cadticas) sdo induzidas e associadas as mudancas na suplementacao alimentar na matriz
e o afluxo de individuos de fragmentos fonte causadas pela intensificacdo agricola.

O resultado desse estudo mostra que, sob a intensificacdo da agricultura, a
estabilidade da populacdo poderia ocorrer em numeros mais baixos da populagdo, em
comparagdo com nao-intensivos cenérios, de modo que muitos desses pontos estaveis
séo na verdade eventos de exting¢do local nos cenérios intensivos. Estes pontos estaveis
ou estados estacionarios sao situacdes em que o sistemas atingem o equilibrio e também
sdo chamados atratores fortes (strong atractor: Tullos e Neumann 2006) ou atratores
estranhos (strange atractors; Vandermeer & Yodzis 1999, Hasting et al. 1994).
Modelos qualitativos permitem a compreensdo de bifurcacdo sempre que hd uma
ambiguidade (ramificacdo), devido a influéncias concorrentes sobre a mesma variavel.
Esta caracteristica dos modelos qualitativos é claramente demonstrada uma vez que
todos os estados possiveis produzidos na simulagdo (envisionment) sdo mostrados
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(Mcintosh 2003). Envisionment oferece uma abordagem para a compreensdo de
conceitos complexos em Ecologia, como a bacia de colisdo de fronteira (boundary basin
colision) (Vandermeer & Yodzis 1999) e caos (Hastings et al. 1993). De acordo com
Levins (1966), o problema na elaboracdo de modelos para sistemas ecoldgicos
complexos é que existem muitos pardmetros a serem medidos, as equagbes s&o
analiticamente insolUveis e exigem computadores potentes, e mesmo se houver uma
solucdo matemaética, seria expressa na forma de quocientes com pouco significado
bioldgico (Levins 1966). Como uma possivel solucéo, Levins sugere que os modelos
podem sacrificar a precisdo em relagdo ao realismo e generalidade. Esta abordagem esta
mais preocupada com os padrdes qualitativos no longo prazo, ao invés de com
resultados quantitativos. Uma vez que a simplificacdo é o modo com que modelos
qualitativos possam raciocinar utilizando dados de baixa resolucdo (Tullos e Neumann
2006), a incerteza pode ser modelada com sucesso, utilizando-se este método (Nuttle et
al. 2009).

No que diz respeito a Ecologia de Paisagens, Metzger (2008) aponta a
necessidade de evitar a quantificacdo excessiva, sem hipdteses reais ou base teorica.
Além disso, 0 uso de sensoriamento remoto e técnicas de GIS, por si s6, ndo constitui
uma perspectiva paisagistica (Metzger 2008). Wu e Hobbs (2002) consideram que sédo
questBes chave, como o desenvolvimento conceitual e teérico; causas, processos e
consequéncias da mudanca do uso da terra. Por sua vez, a Modelagem Ecoldgica tem se
preocupado com "modelos baseados em processo embasados na teoria com explicitagéo
dos agentes causais em oposicdo a descricdes estritamente estatisticas ou correlacionais”
(extraido das Instrucdes para Autores do periddico Ecological Modelling)

A partir dos resultados produzidos pelo presente estudo, nota-se que os modelos
de raciocinio qualitativo podem contribuir para Ecologia de Paisagens e Modelagem
Ecoldgica, porque explicita formalmente a causalidade e raciocina usando dados de
baixa resolucdo. Além disso, o0 presente trabalho aborda com sucesso alguns dos temas
apontados por Wu e Hobbs (2002).

No presente modelo, a entrada de dados tem varias lacunas, incertezas e alta
variancia (ver descricdo da espécie). Apesar disso, 0 modelo qualitativo se mostrou
capaz de embasar o raciocinio utilizando dados incompletos, mostrando uma dinamica
complexa que ndo poderia ser capturada por outros modelos, ou diretamente olhando
para os dados empiricos. Outros autores tém construido modelos preditivos em ecologia
e biologia da conservacao (Salles & Bredeweg 2006, Tullos & Neumann 2006) e estes
tém sido usados para melhorar o entendimento sobre conservacdo e manejo de espécies
ameacadas (Anatole 2009).

Uma vez que os tomadores de decisdo ndo podem esperar que os bidlogos de
campo retinam dados numéricos precisos ou de longo prazo, sugere-se que 0s modelos
de raciocinio qualitativos sejam considerados como uma ferramenta para prever o
comportamento das popula¢bes em diferentes cenarios, propiciando o manejo e a
conservacdo da biodiversidade e sob a luz da causalidade explicita e formal. Dessa
forma, modelos qualitativos oferecem um potencial inexplorado para assistir ecologos e
conservacionistas a raciocinar utilizando dados imprecisos e/ou incompletos.

4.6. Concluséo
O presente trabalho descreve um modelo qualitativo desenvolvido para
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compreender e prever o0 impacto da intensificacdo agricola matriz sobre a persisténcia
de quatro aves de sub-bosque da Mata Atlantica. A Intensificacdo Agricola da matriz
pode levar a ciclos de extin¢bes/recolonizacdo em populagdes que de outra forma se
manteriam estaveis em cenarios nao-intensivos (C. caudata e P. leucoptera), bem como
induzir a eventos de extingdo local sem recolonizagdo posterior em populacGes que
mostraram ciclos extincao/recolonizacdo no cenario nao intensivo (X. fuscus e S.
scansor). Portanto, a hipotese do trabalho foi confirmada para a maioria das espécies.
Apesar disso, alguns padrbes contraintuitivos aparecerem, tais como o fato de que, no
cenario de agricultura intensiva, as populacbes C. caudata e P. leucoptera se
estabilizaram em niveis mais elevados N subpopulacdo (Maximo) em comparacao ao
cenario ndo intensivo, em que N subpopulacional foi estabilizado em nivel Médio. Cabe
notar que outros caminhos comportamentais sdo possiveis a partir do cenario intensivo
(extincdo/recolonizacdo), enquanto no cenario ndo intensivo ha apenas um caminho
possivel. A intensificacdo da agricultura conduz a desestabilizacdo da populacdo. Isto
poderia envolver declinios, tais como nos ciclos de extin¢do/recolonizagdo, ou
aumentos, tais como nos caminhos que estabilizaram no nivel maximo.

No geral, a intensificacdo agricola pode levar a uma diminuigdo ou mesmo a
eventos de extin¢do local, afetando as populacdes diretamente (diminui¢do dos recursos
alimentares) e indiretamente (reducgéo de efeito resgate). Por isso, os resultados sugerem
que as praticas agricolas ndo-intensivas (tais como sistemas agroflorestais, agricultura
de subsisténcia e quintais agroflorestais) sejam implantadas ou conservadas (caso ja
existam) no dominio da Mata Atlantica. 1sso manteria ou aumentaria a disponibilidade
de alimentos para aves florestais que se alimentam na matriz, bem como aumentaria a
permeabilidade da paisagem para espécies que dispersam pela matriz. Apesar disso,
eventos de extin¢do local também ocorreu nos cenarios ndo-intensivos, de forma que a
persisténcia a longo prazo destas espécies ndo é garantida por manejos nao intensivos da
matriz.
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5) CAPITULO 3:

Efeitos de dois tipos de manejo agricola da matriz nas
comunidades de aves habitando um mosaico de floresta
e savana na regiao do Cerrado: uma abordagem em
raciocinio qualitativo

5.1 Resumo

Uma parte significativa da biodiversidade terrestre do mundo utiliza manchas de habitat
naturais inseridas em uma matriz agricola. Neste capitulo, é apresentado um modelo de
raciocinio qualitativo para comparar os impactos da agricultura intensiva e do manejo
tradicional em comunidades de aves que habitam um mosaico de savana-floresta na
ecorregido do Cerrado brasileiro, através da exploracdo nao-numeérica e representacdo
explicita do conhecimento das relagfes causais. As espécies foram agrupadas com base
em seu uso distinto do mosaico floresta-savana: especialistas florestais, generalistas
florestais e ndo-florestais. O modelo qualitativo foi desenvolvido utilizando o programa
Garp3. Nossos resultados sugerem que a agricultura intensiva leva ao declinio das aves
florestais especialistas e espécies ndo-florestais, enquanto generalistas florestais se
mantém estaveis. Por outro lado, o manejo tradicional pode levar a uma diminuicéo ou a
manutencdo das espécies nao-florestais e manutencdo de ambos os grupos florestais. A
substituicdo do manejo tradicional pela agricultura intensiva pode afetar negativamente
as aves do Cerrado.

Palavras chave: comunidade de aves, ecologia de paisagens, Geraizeros, raciocinio
qualitativo, Sertanejos, intensificacéo agricola

5.2.  Introducao Geral

As paisagens agricolas vém passando por mudancas significativas nos ultimos
30 anos. Os avancos tecnoldgicos tém impactado profundamente as praticas agricolas, a
distribuicdo da biodiversidade e aspectos socioculturais da agricultura (Shiva et al.,
2002, Goulart et al., 2009). Apesar da intensificacdo acometer paisagens agricolas em
todo 0 mundo, muitos agricultores ainda vivem de forma tradicional, utilizando praticas
agricolas ndo muito diferentes das utilizadas ha séculos (Altieri, 2002). Ainda assim, a
agricultura moderna estd em plena expansdo e ndo seria exagero dizer que a maioria das
terras cultivaveis do mundo € intensificada ou estd a caminho de intensificacdo
(Balmford et al., 2005). Tal fato é claro no caso do dominio do Cerrado brasileiro, onde
556.000 km? sdo compostos por pastagem intensiva e as monoculturas e 232.000 km?
sd0 compostos por pastagens nativas caracterizadas por manejos com baixo nivel
tecnoldgico, e esta area estd encolhendo sob a pressdo da expansdo da agricultura
intensiva (IBGE, 1998; Diniz-Filho et al., 2009). Considerando que grande parte da
biodiversidade mundial habita areas agricolas ou areas naturais inseridas em uma matriz
agricola, compreender como as diferentes préaticas agricolas afetam a biodiversidade em
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escala de paisagem é chave para a conservacdo bioldgica (Perfecto & Vandermeer,
2010).

Aqui apresentamos um modelo de raciocinio qualitativo que compara 0s
impactos de duas préaticas agricolas (intensiva e tradicional) sobre as comunidades de
aves que habitam um mosaico de savana e floresta em uma paisagem naturalmente
fragmentada do Cerrado brasileiro. Também avaliamos o impacto previsto das praticas
agricolas em trés grupos de espécies de aves, classificadas de acordo com usos
diferentes da matriz. O raciocinio qualitativo (Weld & de Kleer, 1990) é uma éarea da
Inteligéncia Artificial que fornece técnicas para construir modelos de simulacdo de
sistemas fisicos e permite raciocinar utilizando dados escassos, imprecisos e nao-
numericos (Salles & Bredeweg, 2006). Esta abordagem foi escolhida porque a
compreensdo de como as diferentes praticas agricolas afetam as comunidades de aves
exige a inclusdo de variaveis como habilidade de dispersdo, tamanho do territorio, e
sensibilidade a disturbios. InformacGes sobre esses topicos para aves do Cerrado sdo
escassos e imprecisos. Dessa forma, modelos numéricos sensiveis ndo seriam capazes
de capturar a estrutura e comportamento do sistema, deixando conservacionistas,
tomadores de decisdo e formuladores de politicas com poucos meios de avaliar
hipoteses, ou simular os resultados dos cenarios alternativos e praticas de manejo.

O Cerrado é a maior, a mais rica e possivelmente a savana mais ameacada do
mundo (Silva & Bates, 2002), sendo considerado um hotspot de conservacdo (Myers et
al., 2000). O bioma pode ser caracterizado como um mosaico de campos, florestas,
savanas secas, formando uma paisagem naturalmente heterogénea (Eiten, 1972). O
modelo tem por objetivo captar os impactos da intensificacdo da matriz agricola em
uma paisagem em mosaico, composta por savana e floresta, tendo em vista que tais
mosaicos cobrem 1,86 milhdes de km?, 24% da estimativa de &rea de Cerrado total
(Silva & Bates, 2002). O Cerrado também tem sido considerado uma regido estratégica
para a producdo intensiva de soja e gado para exportacdo, de modo que prevé-se a
expansdo do agronegdcio na regido nos préximos anos (Klink & Machado, 2005).
Portanto, o modelo aqui é importante para prever 0s impactos negativos da
intensificacdo agricola nas aves.

5.3.  As préticas agricolas e os efeitos nas aves

A intensificacdo da agricultura estd associada a Revolucdo Verde, uma
consequéncia da expansdo da economia capitalista baseada na substitui¢cdo de sistemas
com a alta biodiversidade planejada e associada (Perfecto & Vandermeer, 2008) por
sistemas mono-especificos fortemente dependentes do uso de maquinério, sistemas de
irrigacdo, fertilizantes e pesticidas (Altieri, 1999). Embora cada sistema de cultivo
intensivo tenha uma estrutura particular, a maioria deles é baseada nos mesmos
principios basicos: alta entrada e saida de energia e matéria (Angelsen e Kaimowitz
2001) e baixa heterogeneidade espacial e temporal (Benton et al., 2003). O impacto da
intensificacdo agricola sobre a biodiversidade € amplamente reconhecido, sendo que
alguns autores tém sugerido que esta € uma das mais significativas ameacas a
biodiversidade mundial (Benton et al., 2003, Donald & Evans, 2006). Um dos impactos
mais bem documentados da intensificacdo agricola refere-se as consequéncias de
pesticidas em aves, descrita meio século atras (Carson, 1962). No nivel fisioldgico, os
pesticidas aumentam o risco de quebra do ovo devido a reducdo da espessura da casca
(Ratcliffe, 1970, Mellink 2009), bem como causam alteragcdes nas atividades cerebrais
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(Busby et al., 1983.). Consequentemente, os pesticidas podem ndo sé causar o declinio
da populacdo de aves que habitam o agroecossistema (Fuller et al., 1995; Brickle et al.,
2000; Chamberlain et al., 2000), mas também afetar negativamente espécies que
habitam areas florestais adjacentes aos cultivos (Cooper et al., 1990). No que se refere a
estrutura espacial, a intensificagdo da agricultura reduz a heterogeneidade ao nivel local,
entre cultivos, regides e mesmo entre paises, levando a uma grave perda de
biodiversidade das paisagens agricolas (Benton et al., 2003). A intensificacdo também
tende a aumentar o tamanho da propriedade e reduz a diversidade de culturas (Altieri,
1999). O manejo agricola esta relacionado ao seu tamanho, de modo que em pequenas
propriedades cada decisdo de manejo do agricultor esta restrita a uma area menor
(menor grdo de manejo). Na Europa, pequenas propriedades sdo conhecidas por
abrigarem maior riqueza de aves, maiores territorios de aves, borboletas, abelhas e
espécies de plantas herbaceas, em comparacdo com grandes fazendas (Belfrage et al.,
2005). No Brasil, a reforma agréaria realizada com base em principios agroecoldgicos
que substituem grandes areas de monocultivos por quintais agroflorestais favorece a
conservacdo de aves (Uezu et al.,, 2008; Goulart et al., 2011). Finalmente, a
intensificacdo leva a diminuicdo da permeabilidade da matriz agricola aos organismos
que habitam fragmentos nativos nela inseridos, e consequentemente a reducdo na
conectividade das paisagens agricolas (Donald & Evans 2006, Perfecto & Vandermeer,
2010). No entanto, estudos empiricos sobre como a dispersdo de aves é afetada pela
intensificacdo da agricultura sao raros (Donald & Evans, 2006).

O manejo tradicional, por sua vez, representa uma vasta gama de sistemas
agropecuarios nao-intensivos. Estes sistemas sdo muito diversificados e Unicos em sua
estrutura, de modo que o0 manejo é muito dependente da biodiversidade, das condicdes
ambientais locais e caracteristicas culturais dos agricultores(as). O Manejo tradicional
abrange diferentes praticas, desde agricultura de subsisténcia, criacdo de gado em baixa
densidade em pastagens nativas, extrativismo, quintais, plantio direto e sistemas
agroflorestais. O manejo destes sistemas € conhecido por resultar em habitats de alta
heterogeneidade, abrigando altos niveis de biodiversidade, em comparacdo com as
préticas de manejo mais intensivos (Perfecto et al., 1996; Greenberg et al. 1997; Faria et
al., 2006; Marsden et al., 2006). Classificar diferentes sistemas de manejo (intensivo e
ndo intensivo) em um gradiente de impacto ambiental é chave para a tomada de decisdo
em nivel da paisagem. Com o objetivo de avaliar o impacto ecolégico, a utilizacdo de
espécies de aves é particularmente Gtil, uma vez que ocorrem em grande abundancia e
riqueza, propiciando grande quantidade de dados, (Ormerod & Watkinson, 2000).
Portanto, eles podem ser usados como bioindicadores que representam outros grupos,
bem como desempenhar fungdes ecossistémicas importantes, como a dispersdo de
plantas, controle bioldgico e a polinizacdo (Sekercioglu, 2006).

5.4. O Raciocinio qualitativo

Geralmente, modelos sobre o impacto ecoldgico da agricultura se utilizam de
relagbes numericas e quantitativas (por exemplo: Benton, 2007; Butler et al., 2007;
Donald et al., 2001; Green et al., 2005). No entanto, usar modelos numéricos € uma
tarefa dificil, uma vez que existe uma caréncia de conhecimentos biologicos bésicos e
dados numéricos de boa qualidade. Tal caréncia de dados é ainda maior para
ecossistemas tropicais. A falta desse conhecimento basico é particularmente grande na
regido do Cerrado, o que pode ser ilustrada pela recente descoberta de uma nova espécie
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de ave no Bioma (Freitas, 2011). Uma vez que a coleta de dados numéricos detalhados,
muitas vezes leva muito tempo, e as taxas de perda de biodiversidade alarmantes
exigem acgOes imediatas, modelos simples e preditivos sdo necessarias (Balmford et al.,
2005; Benton, 2007).

A utilizacdo de modelos de raciocinio qualitativo (RQ) pode ser uma opgao para
superar esta problematica (ver a edi¢do especial sobre RQ publicado pela Al Magazine,
24 (4), 2003). O raciocinio qualitativo é uma area da Inteligéncia Artificial que cria
representacdes dos aspectos continuos do mundo, que da& suporte para 0 raciocinio
utilizando muito pouca informacdo (Forbus, 1984). Nos modelos qualitativos que
adotam a Teoria do Processo Qualitativo (Forbus, 1984), as propriedades continuas dos
objetos do sistema (entidades) sdo modelados como quantidades. Relacdes entre as
quantidades incluem dependéncias causais de dois tipos: influéncias diretas (I+ e I-) e
proporcionalidades qualitativas (P+ e P-). Ambas as influéncias diretas e
proporcionalidades tém significados matematicos e causal. Influéncias diretas
representam processos e sdo assumidos como sendo a causa inicial de alteracdes do
sistema.

Tendo em vista que os dados sobre os sistemas ecoldgicos sdo incompletos,
nebulosos, incertos, escassos e ndo formalizados (Salles & Bredeweg, 2006), 0 que
impede o desenvolvimento de modelos numéricos precisos. Por exemplo, a utilizacéo de
modelos que possuem como entrada e saida dados de alta precisdao, como Modelos de
Viabilidade Populacional, podem apresentar grandes variacdes devido a auséncia de
dados de entrada de boa qualidade, sendo que alguns autores consideram que 0s
resultados de tais modelos sdo incertos (Beissinger & Westphal, 1998; Brooks et al.,
1999). Por tais motivos, o raciocinio qualitativo foi utilizado com sucesso na
modelagem ecoldgica conceitual (ver a edicdo especial do periodico Ecological
Informatics, 4 (5-6): 261-412, 2009, Salles & Bredeweg, 2006; Salles et al., 2006). Para
a comparacdo dos impactos das diferentes praticas agricolas sobre comunidades de aves
do Cerrado, optamos por uma técnica de modelagem que poderia resumir os dados
disponiveis, que sdo, em esséncia encontrada em baixa resolu¢do e com grandes lacunas
de conhecimento. O modelo foi implementado no Garp3 (www.garp3.org), uma
engrenagem de simulacdo que usa a maior parte dos elementos de modelagem da Teoria
do Processo Qualitativo (Forbus, 1984). No Garp3, o modelador define a estrutura do
sistema, ligando Entidades, que sdo objetos fisicos ou conceitos abstratos que
constituem o sistema, e agentes que sdo entidades que influenciam, mas ndo séo
influenciados pelo sistema. Propriedades continuas relevantes das entidades sdo usadas
para descrever a dindmica do sistema e representadas como Quantidades. Estes tém
sempre dois valores, de magnitude (quantidade da "coisa™) e derivadas (a direcdo da
mudanca). O conjunto ordenado de valores possiveis que uma quantidade pode assumir
€ 0 seu espaco quantitativo, que é composto por pontos intercalados por intervalos.
Pontos séo valores precisos, tais como meédia, zero, e limites, e os intervalos abrangem
uma gama de possiveis valores quantitativos. Garp3 usa uma abordagem de modelagem
composicional (Falkenhainer & Forbus, 1991), pelo qual o conhecimento de dominio é
codificado como modelos autdbnomos parciais chamados fragmentos do modelo. Os
fragmentos de modelo contém informacdes sobre objetos, relagbes com outros objetos,
quantidades e seus valores possiveis, declaracbes de desigualdade, dependéncias
causais, situacbes e condicbes de processos para iniciar e parar.
Dado um cenério especifico (com uma descri¢do da estrutura do sistema e 0s valores
iniciais de quantidades especificas), fragmentos do modelo sdo combinadas
automaticamente pelo mecanismo de raciocinio, a fim de compor um modelo de
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simulacdo (Salles et al., 2006). Entre os resultados da simulagdo, Garp3 produz um
gréfico de comportamento que inclui: Estados, definidos como situacdes especificas
encontradas no sistema modelado, descrito por um conjunto de valores especificos de
quantidades que ocorrem juntos, refletindo um comportamento qualitativamente Unico;
Transi¢des possiveis entre os Estados, que representam o comportamento de um sistema
modelado, resultando em uma sequéncia, o grafico do comportamento; diagramas de
historia de valores que descrevem como valores das quantidades mudam durante uma
sequéncia de estados (Bredeweg et al., 2009), e o Modelo causal, um diagrama que
combina todas as influéncias diretas e proporcionalidades representadas no conjunto de
fragmentos de modelos ativos em cada estado. O modelo causal é uma ferramenta muito
atil, uma vez que quando ha uma ambiguidade, O Garp3 produz mdultiplos caminhos de
comportamento, de modo que o modelador pode inspecionar todos 0s comportamentos
possiveis do sistema e encontrar uma explicacdo para esses caminhos, com base no
fluxo de causalidade. Desta forma, o modelador é capaz de analisar todos o0s
comportamentos possiveis, enquanto engajados na compreensdo da imprevisibilidade.

55. O Modelo
5.5.1 Dividindo espécies de aves do Cerrado em trés grupos

Para entender o impacto da intensificagdo da matriz agricola sobre as aves do
Cerrado, trés grupos (espécies que compartilham caracteristicas ecoldgicas e respondem
a mudangas ambientais de forma semelhante) foram definidos de acordo com a
sensibilidade das espécies de aves a perturbacdes (Stotz et al., 1996) e a dependéncia de
habitat florestais (Silva, 1995). Esses grupos podem ser caracterizados como
especialistas florestais (A), generalistas florestais (B) e ndo-florestais (C) (Tabela 1).

Tabela 1: Sensibilidade a distarbios, dependéncia florestal e classificacdo utilizada no
modelo.

Sensibilidade 4 Dependéncia Definicdo do Exemplo de taxons

distarbios (Stotz florestal (Silva, modelo

et al., 1996) 1995)

Médio/Alto Dependente Especialistas Tinamus solitarius, Penelope superciliaris,
florestais Basileuterus leucophrys, Antilophia galeata,

Arremon flavirostris, Conopophaga lineata,
Hylocryptus rectirostirs,

Baixo dependente/ Generalistas Ara  auricollis,  Crotophaga  major,
) ) _ florestais Hemitriccus  nidipendulus,  Platyrichus
Médio/Baixo semi-dependente platyrhynchos, Thamnophilus caerulescens,

Synallaxis scutatus,

Alto/Médio/Baixo  independente Né&o florestais ~ Caprimulgus candicans, Falco sparverius,
Suriri suiriri, Elaenia chiriquensis

Especialistas sdo espécies dependentes florestais (Silva, 1995) com média ou
alta sensibilidade a perturbacbes (Stotz et al. 1996). Assume-se que as especies do
grupo "A" reproduzem e se alimentam exclusivamente em florestas e usam a matriz
como passagem durante a dispersdo ou movimentos da area de vida. Estes séo
basicamente compostos por passeriformes insetivoros de sub-bosque (Stratford &
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Stouffer, 1999), espécies que apresentam comportamento de agregacdo em bandos
mistos (Maldonado-Coelho & Marini, 2000) e seguidores de formigas (Faria e
Rodrigues, 2009), além de grandes frutivoros e carnivoros de interior florestal. O grupo
“B” é formado por espécies que apresentam semi-dependéncia do habitat florestal
(Silva, 1995) e de baixa a média sensibilidade perturbacdes (Stotz et al., 1996). Estas
sdo espécies que habitam as florestas, mas podem usar 0 agroecossistema para
forrageamento e reproducdo (Tscharntke et al., 2008). Estas espécies generalistas
florestais frequentemente mostram grande amplitude de utilizacdo de habitat e dieta,
com riqueza desproporcionalmente maior de frugivoros e nectarivoros (Tscharntke et
al., 2008). Finalmente, O grupo "C" € composta por espécies nao-florestais e ocorrem
independentemente de formagdes florestais, habitando fisionomias ndo-florestais do
Cerrado, tais como formacdes herbaceas, arbustivas e savanas (Silva, 1995),
apresentando média e baixa sensibilidade aos distdrbios (Stotz et al., 1996). Espécies
tipicas de habitats que ndo podem ser sujeitos a agricultura, tais como afloramentos
rochosos ou campos rupestres, foram excluidos.

5.5.2. Descricdo da paisagem

O modelo assume que duas paisagens nativas foram convertidas em dois tipos de
manejos agricolas com diferentes graus de intensidade. A figura 1 representa paisagens
reais na regido do Cerrado, semelhantes a descrita no modelo.

Natural
Cerrado matrix

/

Forest
patches

="l R O A . i T o Nivy

Figura 1: Extensao total da area de Cerrado regido cinza no canto superior esquerdo e
trés paisagens reais semelhante as modeladas. 1.a € uma imagem Estacdo Ecoldgica de
Aguas Emendadas (Distrito Federal); 1.b é uma paisagem agricola intensiva no Distrito

Federal, e 1.c é uma paisagem tradicionalmente manejada no municipio de Rio Pardo de
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Minas (Minas Gerais). O modelo compara a conversao de uma paisagem do tipo-b e
uma do tipo-c, a fim de avaliar os impactos de intensificacdo.

Assume-se que apenas a matriz é diretamente afetada pela agricultura, de modo que
manejo da matriz ndo influencia a perda de florestas. Isto € obviamente uma super-
simplificagdo, uma vez que a intensificagdo da agricultura pode diminuir (Angelsen &
Kaimowitz, 2001; Balmford et al., 2005; Green et al., 2005) ou o aumentar o
desmatamento (Angelsen & Kaimowitz, 2001; Klink & Machado, 2005), de acordo com
as caracteristicas da paisagem (Fischer et al., 2008). Geralmente, intensificacdo agricola
leva 0 aumento do desmatamento, especialmente no Cerrado (Klink & Machado, 2000,
Angelsen & Kaimowitz, 2001; Brannstrom et al., 2008). No entanto, 0 modelo assume
que matas ciliares serdo preservadas como € exigido pela legislacdo brasileira.

O modelo descreve uma paisagem hipotética composta por cinco entidades:
Matriz de Cerrado, Fragmento florestal alvo, Fragmentos florestais vizinho, Manejo
tradicional, Agricultura intensiva; e trés agentes externos: Emigrantes, Investidores e
Conhecimento popular (Tabela 2).

Tabela 2: Entidades, agentes e as variaveis associadas a0s mesmos.

Entidades/ Agentes Variaveis

) Recursos alimentares, Complexidade da vegetagéo,
Matriz de cerrado heterogeneidade horizontal, Abundancia do ninho, Risco de
predacéo, Sobrevivéncia e fitness de spp. ndo florestais Taxa
de variacdo de spp. nao-florestais, Riqueza de spp. néo-

florestais

) o Fogo anual, Pecuaria tradicional, Taxa de manejo
Manejo tradicional tradicional, Extrativismo vegetal, Caca de subsisténcia,
Manutencdo etnoecologica, Agricultura de subsisténcia

) _ ) Manejo monocultural, Irrigacdo, Mecanizagdo, Pecudria
Agricultura intensiva intensiva, Recursos financeiros, Pesticidas e Taxa de
intensificacdo da agricola

Sobrevivéncia e fithess de generalistas florestais, Taxa de

Fragmento florestal alvo variagdo de spp. generalistas, Riqueza de generalistas
florestais, Sobrevivéncia e fitness de spp. florestais, Taxa de
variagdo de spp. generalistas florestais, Riqueza de
generalistas  florestais, Sobrevivéncia e fitness de
especialistas florestais, Taxa de variacdo de spp.
especialistas florestais, Riqueza de especialistas florestais,
Corpo d’agua

Quantidade de propéagulos
Fragmentos florestais vizinhos

Taxa de investimento financeiro
Investidor

Taxa de cons. conhecimento tradicional
Conhecimento tradicional

Taxa de migracdo
Emigracéo
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Os espacos quantitativos associados a estas variaveis sdo mostrados no Apéndice
I. O Fragmento florestal alvo ¢ um remanescente pequeno (entre 3 ¢ 30 ha) distante ~ 1
km dos Fragmentos florestais vizinhos inseridos na Matriz de cerrado. Quanto aos
especialistas florestais, 0 modelo aqui descrito assume uma estrutura metapopulacional
classica no Fragmento florestal alvo, porque as subpopulacdes podem sofrer extingéo
independente dos eventos de extingdo de subpopulacdes habitando Fragmentos
florestais vizinhos e estas subpopulagdes estdo ligados por eventos de migracao.
Contrariamente, assume-se que as populacGes de generalistas florestais possuem uma
dindmica de populagdo heterogénea (“patchy population™), definida como uma
populacdo que habita uma paisagem fragmentada; no entanto as elevadas taxas de
dispersdo unem as sub-popula¢cbes em uma unica entidade demografica (Harrison
1991). Assim, as subpopulacbes de generalistas florestais que habitam o Fragmento
florestal alvo estdo ligadas as subpopulagdes do Fragmento florestal vizinho por
eventos de dispersdo. Finalmente, assume-se que as espécies ndo-florestais habitam
(forrageiam e reproduzem) a Matriz de cerrado. Como o ambiente é continuo, nao foi
atribuida uma dindmica metapopulacional a este grupo.

No que se refere as relagdes, ocorrem na Matriz de cerrado, a Sobrevivéncia e
fitness das espécies ndo-florestais é negativamente afetada (P-) pelo Risco de predacéo
e afetado positivamente (P +) pela Abundancia de sitios de nidificacdo e Recursos
alimentares. Sobrevivéncia e fitness das spp. ndo-florestais afeta positivamente (P +)
Taxa de variacdo de spp. ndo-florestais que, portanto, afeta positivamente (I +) Riqueza
de spp. ndo-florestais.

A relacdo entre Sobrevivéncia e fitness das espécies ndo-florestais e Taxa de
variagdo sp. ndo-florestais envolve uma correspondéncia inversa entre derivadas (DQ)
gue mostra que a derivada de ambas as varidveis varia inversamente. Portanto, se
Sobrevivéncia e fitness das spp. ndo-florestais varia, Taxa de variagdo sp. néo-
florestais varia na mesma direcdo a0 mesmo tempo. As correspondéncias entre
derivadas sdo usados para reduzir o nimero de estados nas simulacfes e pode ser usado
tanto para fins conceituais ou operacionais. A Complexidade da vegetacdo afeta
negativamente o Risco de predacdo assumindo que a maioria das espécies que habitam
ou dispersam através da Matriz do cerrado sdo "dependentes de cobertura florestal"
(definicdo de Lima & Valone, 1991) em suas taticas de fuga de predadores.
"Dependéncia de cobertura florestal” significa que as aves se sentem mais seguras em
habitats com maior cobertura florestal, uma vez que em tais ambientes elas encontram
abrigo de ataques de predadores (Lima & Valone, 1991). Até onde conhecemos, o Unico
estudo sobre o comportamento anti-predadorio na ecorregido Cerrado diz respeito a ema
(Rhea americana) e, na verdade aponta para uma "independéncia de cobertura
florestal”. Em outras palavras, as emas se sentem mais seguras em habitats abertos
porque elas podem ver os predadores a grandes distancias (Azevedo et al., 2010). No
entanto, emas habitam ambientes abertos da regido do Cerrado (Sick, 1997), e nédo
ocorrem na floresta savanas (comunicacdo pessoal M.A. Marini), que compdem a
paisagem modelada aqui. De acordo com Lima e Valone (1991), habitats com grande
cobertura vegetal, tal como o savanas, beneficiariam aves "dependentes de cobertura
vegetal”. Portanto, espera-se que a maior parte das espécies que habitam ou dispersam
através da matriz Cerrado apresentem este tipo de resposta anti-predatoria. A Figura 2
mostra o modelo causal da relagdo entre as quantidades relevantes na Matriz agricola.
Os seguintes modelos causais foram produzidos ap6s a simulacdo de cenarios
preliminares iniciais de modo que eles ndo séo incluidos na sessao de simulacéo. Todas
as figuras a seguir foram produzidos automaticamente pelo Garp3.



86

Cerrado matrix

Vegetation complexi Non forest bird richnes:

(] »{_Non forest survival and ﬁtnes;

Figura 2: Modelo causal representando as relacées que ocorrem na entidade Matriz de
cerrado em um determinado estado produzido ap6s uma simulagéo preliminar.

O modelo pressupde que, se o nivel de Heterogeneidade horizontal for maior do
que o valor "Médio", Heterogeneidade horizontal afeta negativamente a Abundancia de
sitios de nidificacao. Por outro lado, se a Heterogeneidade horizontal for menor do que
"Médio", esta afeta positivamente a Abundancia de sitios de nidificacédo. Esta relacdo
ndo-linear entre heterogeneidade da paisagem e espécies de aves pode ser explicada
pelo fato de que, em baixos niveis de heterogeneidade espacial, diversidade de habitats
¢ positivamente correlacionada com a riqueza de espécies. Em altos niveis de
heterogeneidade, a funcionalidade da paisagem pode ser destruida e as manchas
tornaram-se demasiadamente pequenas para abrigar territorios e areas de vida (Machado
2000). Por outro lado, a Complexidade da vegetacdo e Heterogeneidade horizontal ira
sempre afetar positivamente os Recursos alimentares, uma vez esta relacdo foi
registrada para espécies de artropodes (Weibull et al., 2003) e da disponibilidade de
frutos (Goulart et al., 2011).

A Figura 3 representa a relagdo entre Matriz de cerrado, Fragmento florestal
alvo e Emigracdo em um determinado estado das simulagdes preliminares.

Cerrado matrix

C Permeability to forest SB

Food resource:

C Nest site abundanc;

S~
P+
Target fo:ﬁt&patch %‘/

Forest specialist survival and fitnes; C%‘e@t generalist survival and fitnes;

Forest specialist sp var
P P Forest generalist var

* Waterbody

C Forest specialist rlchnes; C Forest generalist r|chnes
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Figura 3: Modelo causal representando as relagOes entre a Matriz de cerrado,
Fragmento florestal alvo e agente Emigracdo ativo em um determinado estado
produzido a partir de uma simulacao preliminar.

A Taxa de variacdo de spp. ndo-florestais afeta a Riqueza de spp. ndo-florestais
de forma positiva (I +) e Riqueza de espécies ndo-florestais afeta negativamente a (P-)
Taxa de variacdo das spp. ndo-florestais, através de alcas de retroalimentacdo que
estabilizam o sistema. Alcas de retroalimentacdo semelhantes & estas controlam a
Riqueza de especialistas florestais e Riqueza de generalistas florestais e suas
respectivas taxas de variagdo. O modelo também afirma que, se a Abundancia de sitios
de nidificacao for maior do que o valor Médio, este afeta positivamente a Sobrevivéncia
e fitness de generalistas florestais, uma vez que este grupo é capaz de reproduzir na
matriz. Por outro lado, essa influéncia ndo € ativada se a Abundancia de sitios de
nidificacdo é igual ou inferior & "Médio". No estado representado na Figura 3, 0s
Recursos alimentares e Abundancia de sitios de nidificacdo assumem valores acima do
limiar, de modo que essa relagdo é ativa no modelo causal e ambos irdo afetar a
Sobrevivéncia e fitness de generalista florestais. Esta relacdo assume que generalistas
florestais podem reproduzir fora de é&reas florestais quando existirem sitios de
nidificacdo suficientes. Por exemplo, Amazona aestiva e Ramphastos toco sdo
generalistas florestais que podem se reproduzir em quintais agroflorestais na regido do
Cerrado, quando ocos de arvores estdo presentes (observacdo pessoal). O limiar Médio
foi estabelecido para permitir a comparacao entre ndo-florestais e generalistas florestais.
Dessa forma, a relacdo entre Abundancia de sitios de nidificacdo na Matriz de Cerrado
e Sobrevivéncia e fitness de generalistas florestais é ndo linear e depende do valor de
Recursos alimentares e Abundancia de sitios de nidificacdo. Além disso, 0 modelo aqui
descrito assume que se a Abundancia de recursos alimentares associados a Matriz de
cerrado forem maiores do que Médio, os Recursos alimentares tém influéncia positiva
sobre a Sobrevivéncia e fitness de generalistas florestais. Matrizes de alta qualidade
suplementam espécies florestais e aves na regido do Cerrado sdo conhecidas por
apresentar esse padrdo (Tubelis et al., 2004). Devido ao fato de que generalistas se
alimentam principalmente nas areas florestais usando a matriz como um habitat
complementar, € assumido que a suplementacdo da matriz ocorre acima do limiar
"Médio". A Quantidade de propagulos dos Fragmentos florestais vizinho afeta o
Fragmento florestal alvo, dependendo da permeabilidade da Matriz de cerrado as
espécies florestais. No modelo, a Permeabilidade as espécies florestais associadas com
a Matriz de cerrado deve ser igual ou maior que o valor "Médio" como condicao para a
Quantidade de propagulos cause influéncia (P +) na Taxa de variacdo de sp.
especialistas florestais associadas ao Fragmento florestal alvo. No caso da Riqueza sp.
generalista florestais, a quantidade de propéagulos do Fragmentos florestais vizinhos
sempre ird afetar positivamente a Taxa de variacdo sp. generalistas florestais. Por isso,
assumimos que as aves florestais deslocam grandes distancias em habitats nao-florestais
em movimentos de area de vida e de dispersao (Marini 2010), e como um padrao geral,
generalistas florestais se deslocam mais do que especialistas florestais (Andrade &
Marini, 2001; Hansbauer et al., 2010).

A permeabilidade as espécies florestais € positivamente afetada pela
Complexidade da vegetagdo e negativamente afetada pelo Risco de predacdo. A
complexidade da vegetacdo é conhecida por facilitar os movimentos de aves florestais
entre fragmentos florestais (Antongiovanni & Metzger, 2005). Primeiramente, muitas
aves florestais precisam da estrutura fisica da vegetacdo para empoleirar-se durante os
movimentos de dispersdo, pois ndo conseguem transpor grandes distancias em voo0s
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unicos (por exemplo, arapagus [Boscolo et al.,, 2008]). Em segundo lugar, 0s
movimentos na matriz sdo profundamente afetados pelo Risco de predacéo (Desrochers
& Hannon, 1997), que est4 negativamente relacionado a Complexidade da vegetacgao.
Assume-se, portanto, que as aves florestais sentem-se mais seguras de predadores
quando disperséo atraves da matriz, quando a estrutura fisica desta é mais semelhante ao
do habitat florestal (Robertson & Radford, 2009). No que se refere as variaveis
associadas ao Fragmento florestal alvo, Corpo d’agua afeta positivamente
Sobrevivéncia e fitness dos especialistas e generalistas. Na ecorregido do Cerrado, a
riqueza de aves florestais esta positivamente relacionada com cérregos e areas alagadas
no interior das florestas (Marini, 2001).

5.5.3. Agricultura intensiva

Agricultura intensiva é aqui tratada como a soma de todos 0s processos que
geralmente atuam em conjunto em um espaco e tempo discreto e é representado como
uma entidade do modelo. A Taxa de intensificacao agricola influencia diretamente (I +)
Mecanizacdo, Irrigacdo, Agrotoxicos, Pecuaria intensiva e Manejo monocultural.
Todas estas quantidades afetam negativamente a Taxa de intensificagcdo agricola atraves
de alcas de retroalimentacdo que estabilizam o sistema. Todas essas caracteristicas
exigem grandes investimentos privado ou publico de recursos financeiros, garantido por
um agente Investidor externo (Brumbach & Flyn 1980). Portanto, 0 modelo considera
que a Taxa de investimento financeiro de um agente Investidor afeta (I +) Recursos
financeiros, o que por sua vez, afeta positivamente (P +) a Taxa de intensificacédo
agricola. A agricultura intensiva atua indiretamente reduzindo a Complexidade da
vegetacdo (por meio de remocdo ativa das plantas ndo cultivadas) através do Manejo
monocultural; aumento do nivel de Mecanizagdo, afetando negativamente a
Abundéancia de sitios de nidificacdo e por aumentar Agrotoxicos, o que impacta
Sobrevivéncia e fitness das spp. ndo-florestais.

As relacOes entre as entidades Intensificacdo Agricola e Matriz de cerrado sdo
mostradas na Figura 4.
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Figura 4: Modelo causal envolvendo as relacGes entre o agente Investidor e as
entidades Agricultura intensiva e Matriz de cerrado produzida a partir das simulagdes
preliminares.

Na Figura 4, a influéncia dos Agrotoxicos nas spp. generalistas e especialistas florestais
ndo estd ativo porque o valor de Agrotdxicos € inferior a "Médio". A agricultura
intensiva também influencia Fragmento florestal alvo através de Irrigacdo que se supbe
afetar negativamente a Corpo d’dgua através do impacto da drenagem de &gua das
matas ciliares e florestas alagadas. Agrotoxicos podem também afetar (P-) a
sobrevivéncia e fitness dos generalista/especialista florestais se Agrotdxicos for maior
que o valor Médio.

5.5.4. Manejo Tradicional

O manejo tradicional ndo intensivo praticado no Cerrado pela cultura Sertaneja
ou Geraizera foi representada pelo modelo. No modelo, a entidade de Manejo
tradicional estd associada as seguintes variaveis: (a) Agricultura de subsisténcia, que
sdo policultivos (por exemplo, mandioca, feijdo, milho, abdbora, abacate, banana,
pimentdo, entre outros [Bustamante et al., 2010]), (b) a Caca subsisténcia, que é
basicamente o uso de carne de caca de aves de grande porte (Crax spp, Penelope spp,
Tinamus spp, Rynchotus rufescens) (Sick, 1997), (¢) Fogo anual, o manejo tradicional
de pastagens nativas. O fogo é utilizado para estimular rebrota das plantas, tornando a
vegetacdo mais palatavel para o gado (Lara et al., 2010), (c) A Pecuaria tradicional é
caracterizada pelo gado criado em baixa densidade em grandes areas de pastagens
nativas. No modelo, o Fogo anual influencia positivamente Pecuaria tradicional até os
valores Médios, mas nao além desse valor, representando a criacdo de gado em baixas
densidades tipica do Manejo tradicional. Assim, se a Pecudria tradicional for inferior
ao nivel Médio, o aumento Fogo anual vai aumentar Pecuaria tradicional. Se a
Pecuaria tradicional for maior do que Médio, Fogo anual ndo afetara Pecuéria
tradicional. () O Extrativismo vegetal é caracterizado por produtos ndo madeireiros,
como a coleta do fruto (por exemplo: Cariocar brasiliensis, Dipteryx alata,
Stryphnodendron adstringen, [Borges et al. 2003, Silva & Egito 2005, Oliveira 2009],
entre outros) e plantas medicinais (Rodrigues & Carvalho, 2001, Vila Verde et al.,
2003), bem como produtos que utilizam madeira, como na forma de carvéo e construgao
(Le Bourlegat & Costa, 2003). Todas estas quantidades sdo afetadas positivamente pela
Taxa de manejo tradicional. A fim de estabilizar o sistema, todas estas variaveis afetam
a Taxa de manejo tradicional através de alcas de retroalimentacdo. Por sua vez, Taxa de
manejo tradicional é assim afetada positivamente pela Manutencdo etnoecologica e
Manutencao etnoecologica é influenciada positivamente pela Taxa cons. conhecimento
tradicional associado ao agente Conhecimento tradicional.

Para representar a influéncia da cacga nas aves, 0 modelo aqui descrito assume
que a Caca de subsisténcia afeta negativamente a Sobrevivéncia e fitness dos trés
grupos, se cada Riqueza sp. dos grupos individualmente for igual ou acima do limiar
Alto. Isto mostra que a caca € seletiva para algumas espécies (a saber, grandes
frugivoros florestais e de areas abertas) de modo que abaixo do valor de riqueza Alto, a
aves que poderiam ser cacadas desaparecem e de caca ja ndo € possivel ou mantida a
uma pressdo baixa, ndo afetando significativamente a Sobrevivéncia e fitness das
espécies.
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O modelo assume que, se o Extrativismo vegetal é maior ou igual a Médio, este
afeta negativamente a Complexidade da vegetacdo. As relacbes entre o agente
Conhecimento tradicional e as entidades, Agricultura Tradicional e Matriz de cerrado
estdo representados no modelo causal da Figura 5. Note-se que neste estado, nem
Extrativismo vegetal, nem Pecuéaria tradicional afeta Complexidade da vegetacéo,
porque ambas as varidveis assumem valores abaixo de Médio.

Folk knowledge

Knowledge cons
|
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I+
Traditional farming k'v)
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Traditional farming

Plant extractivis

Cerrado matrix

Predation risk

@ Nest site abundance e
Horizontal heterogg @
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Figura 5: Modelo causal representando relagdes entre o agente Conhecimento popular e
da agricultura tradicional e entidades Cerrado matriz produzida por um determinado
estado produzido apés uma simulacdo preliminar.

5.6. Resultados

N&o considerando as simulagdes preliminares, foram realizadas oito simulagoes,
de modo que cada cenario representou a influéncia que cada manejo (intensivo ou
tradicional) teve sobre cada um dos trés grupos de aves. Além disso, fizemos duas
simulagOes para captar a influéncia de cada manejo em ambos os grupos florestais. Uma
vez que as simula¢des da influéncia do manejo de ambos os grupos florestais produziu
um grande numero de estados, apenas os modelos causais produzidos por um dos
estados inicial foram utilizados. Os dois diagramas podem ser usados para explicar as
simulacdes em que cada grupo de aves foi individualmente afetado por cada manejo.
Em todos os cenarios iniciais, a Matriz de cerrado é composta de um mosaico de
cerrado e campo sujo em que o Risco de predacdo € Alta, os Recursos alimentares
Abundancia de sitios de nidificacdo ¢ Médio, a Heterogeneidade horizontal e a
Complexidade vegetagdo ¢ Maximo e Permeabilidade as espécies florestais é Grande.
A Riqueza de espécies de ndo-florestais, especialistas e generalistas florestais sdo
Muito alto em cada uma das simulag¢6es. Os resultados das simulagdes foram como se
segue:
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5.6.1 SimulacGes sobre o efeito da agricultura intensiva sobre os trés grupos de
aves

As cadeias causais das quatro simulacGes (sobre o efeito da agricultura intensiva
sobre as espécies nao-florestais, especialista, generalistas florestais e ambos 0s grupos
florestais) comega com cenérios iniciais em que a Taxa de investimentos financeiros,
por parte do agente Investidor aumenta Recursos financeiros, levando a intensificacdo
(via Taxa de intensificacdo agricola positiva). A Agricultura intensiva afeta
Abundancia de sitios de nidificacdo pelo aumento do nivel de Mecanizacgao, reduzindo
a Heterogeneidade horizontal e Complexidade da vegetacdo. Recursos alimentares séo
diretamente afetados (P-) por Agrotdxicos e indiretamente pela complexidade da
vegetacdo e diminuicdo da Heterogeneidade horizontal. Com relacdo as aves ndo-
florestais, a diminuicdo da Complexidade da vegetacdo aumenta o Risco de predacao,
que diminui a Sobrevivéncia e fitness das spp. ndo-florestais e, consequentemente, afeta
negativamente Taxa de variacdo sp. ndo-florestais. Portanto, a Riqueza de spp. nao-
florestais diminui de Muito alto para valores Muito baixo. O grafo de estado produzido
a partir da simulacdo sobre o efeito do manejo intensivo sobre as aves ndo-florestais
aves, destacando o caminho [1-2-6-8-14-15-22], esta mostrada na Figura 6.

Figura 6: Grafo de estado produzido a partir da simulacdo da influéncia da agricultura
intensiva sobre espécies ndo-florestais. O caminho comportamental [1 -2-6-8-14-15-22]
é realcado e a histdria valor associado a esta trajetdria € mostrada na Figura 7.

O diagrama de histdria valores das quantidades selecionadas referentes a esta
trajetéria sdo mostradas na Figura 7. O modelo causal produzido a partir em um dos
estados finais (22) dessa trajetdria, € mostrada na Figura 8.
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Figura 7: Historia de valores das quantidades selecionados produzidas a partir da
simulacéo da influéncia da agricultura intensiva sobre as aves ndo-florestais em um dos
caminhos comportamentais. NuUmeros debaixo figuras representam o caminho
comportamental para o qual a historia de valor esta associada.
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Figura 8: Modelo causal representando todas as relacGes ativas no estado "22
"produzido a partir da simulacdo do cenario em que a agricultura intensiva afeta
espécies nao-florestais.

Embora a simulacdo tenha produzido mais do que um caminho comportamental,
o efeito sobre a riqueza das spp. ndo florestais é basicamente 0 mesmo. Com relacdo a
simulacdo referente a influéncia da agricultura intensiva nas espécies generalistas
florestais que habitam o Fragmento florestal alvo, o declinio dos Recursos alimentares
e Abundéancia sitios de nidificacdo na Matriz de cerrado adjacente, associado a
drenagem de Corpo d’dgua pela Irrigacao leva a um declinio na Sobrevivéncia e fitness
das spp. generalistas florestais. No entanto, a Quantidade de propagulos do
Fragmentos florestais vizinhos influencia positivamente a Sobrevivéncia e fitness dos
generalistas florestais, de forma que a Riqueza de generalistas florestais é mantido
Muito alto. Os diagramas de historia valor de algumas das variaveis em um dos
caminhos comportamentais produzido pela simula¢éo € mostrado na Figura 9. Embora a
simulacdo produziu outros caminhos possiveis, o0 efeito sobre a Riqueza generalistas
florestais foi basicamente a mesma em todas as trajetorias.

No que se refere aos especialistas florestais, a diminuicdo da Permeabilidade as
spp. florestais causada por associacdo da reducdo da Complexidade da vegetacéo e
aumento do Risco de predacéo associado a Matriz de cerrado afeta negativamente aves
florestais. Assim, a Riqueza de especialistas florestais sofre declinio em todos os
caminhos comportamentais. A histéria de valor de um caminho comportamental
produzido a partir da simulacdo da influéncia do manejo intensivo sobre especialistas
florestais é mostrado na Figura 10. O modelo causal produzido a partir do primeiro
estado da simulacéo de agricultura intensiva em ambos 0s grupos de aves florestais séo
mostrados na Figura 11.



94

Target forest patch: Forest generalist survival and fithess Cerrado matrix: Food resources

Max

Large Large
ROam\/) Medium & Medium
®v ® ® @ Small v v @ ®‘ ®‘ @ Small

1 2 15 16 44 46 Zero

1 2 15 16 44 46
Target forest patch: Forest generalist richness

® @' @' @ @ @ Veryhigh
High
Medium

Low
Very low

1 2 15 16 44 46

Figura 9: A histdria valor das quantidades selecionadas resultantes da simulacdo da
influéncia da agricultura intensiva nas aves generalistas florestais.
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Figura 10: A historia valor associado com o comportamento de quantidades

selecionadas resultantes da simulagdo da influéncia da agricultura intensiva de aves
florestais especialistas.
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Figura 11: Modelo causal representando as influéncias ativas no primeiro estado da
simulacdo da influéncia da agricultura intensiva em ambos os grupos florestais.

5.6.2. Simulacédo do efeito da agricultura tradicional nos trés grupos de espécies

A cadeia causal comeca com o agente Conhecimento popular aumentando a
Manutencdo etnoecoldgica, que aumenta a Taxa de manejo tradicional. Todas as
praticas tradicionais (Fogo anual, Pecudria tradicional, Extrativismo vegetal e Caca de
subsisténcia) aumentam afetando quantidades associadas a Matriz de cerrado,
aumentando a Heterogeneidade horizontal, afetando negativamente a Complexidade da
vegetacdo, através da Pecuaria tradicional, e influenciando diretamente a
Sobrevivéncia e fitness das spp. florestais por meio da Caca de subsisténcia. Devido aos
efeitos contraditorios desse manejo nas Taxas de variacdo das spp. nao-florestais, tais
como aumento dos Recursos alimentares e aumento do Risco de predacdo, Riqueza sp.
nédo-florestais podem ser mantidas em valores Muito alto ou reduzida para Muito baixo.
A Figura 12 mostra o gréfico de estado produzido ap6s simulacdo do efeito do Manejo
tradicional nas aves florestais destacando o caminho comportamental [1-2-15-16-25-
28-33]. As historias de valores das quantidades selecionadas associados a este caminho
sdo mostradas na Figura 13. A Figura 14 mostra um outro caminho comportamental [1-
5-9-19-22-29] produzido a partir da simulagdo da influéncia da agricultura tradicional
nos generalistas florestais.
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Figura 12: Grafo de estado da simulacdo da influéncia do manejo tradicional nas
espécies ndo-florestais. O caminho comportamental "1 -2-15-19-25-28-33 "é destaque
e a histdria valor associado a esta trajetoria é mostrada na figura 13.
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Figura 13: A historia de valores associadas a quantidades selecionadas resultantes da
simulacéo da influéncia da agricultura intensiva sobre as espécies ndo-florestais.
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Figura 14: A historia valor das quantidades selecionadas resultantes da simulacdo da

influéncia da agricultura tradicional nas espécies ndo-florestais a partir de um outro
caminho comportamental possivel.

Note-se que este caminho comportamental também estd presente no estado
grafico mostrado na Figura 11. Nessa trajetoria, Recursos alimentares aumentam, de
forma que Sobrevivéncia e fitness recebem influencias positivas (ex. Recursos
alimentares) e negativas (Fogo anual) levando a manutengéo da Sobrevivéncia e fitness
das spp. ndo-florestais em valores Médios. O modelo causal produzido apds o estado
final "33" é mostrado na Figura 15.

Em relacdo aos generalistas florestais, a Caca de subsisténcia afeta
negativamente (P-) Sobrevivéncia e fitness das spp. generalistas florestais, assim,
diminui a Taxa de variacdo de spp. florestais. Por outro lado, a Quantidade de
propagulos associada aos Fragmentos florestais vizinhos aumenta a Taxa de variagdo
das spp. generalistas florestais aumentando assim a Riqueza sp. generalistas florestais.

Por causa das multiplas forgcas que agem positivamente e negativamente na Taxa
de variacdo de generalistas florestais e uma vez que muitas dessas forgas tem uma
condicdo baseada em valores de quantidade, a Riqueza sp. generalistas florestais é
mantido em valores "Alto” em todos os caminhos possiveis. A histdria valor associada a
um caminho comportamental produzido a partir da simulacdo da influéncia do manejo
tradicional em generalistas florestais € mostrado na Figura 16. Quanto aos especialistas
florestais, a reducdo da Permeabilidade as spp. florestais para Médio mantém a relacéo
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entre a Quantidade de propagulos e a Taxa de variagdo spp. especialistas florestais
ativo. Como consequéncia, a Riqueza de especialistas florestais € mantida estavel em
Muito alto no Unico caminho comportamental possivel [1-2-3-4-5-6]. A historia valor
de quantidades selecionadas associados a este caminho comportamental € mostrado na
Figura 17. O modelo causal associado com o estado inicial de simulagdo do efeito do
manejo tradicional em ambos os grupos florestais € mostrado na Figura 18.
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Figura 15: Modelo causal representando todas as relacbes ativas no estado "33 "

produzido apds a simulacdo do cenéario em que a agricultura tradicional afeta as
espécies nao-florestais.
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Figura 16: A histdria de valores das quantidades selecionadas resultantes de um dos
caminhos comportamentais produzidos apds simulacdo da influéncia da agricultura
tradicional em generalistas florestais.
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Figura 17: A historia de valores de quantidades selecionadas resultantes a partir de um

dos caminhos de comportamento produzidos ap6s simulacdo da influéncia da
agricultura tradicional em espécies generalistas florestais
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Cemado matrix

Emigrats

Figura 18: Modelo causal associado a um dos estados iniciais produzidos apds
simulacdo da influéncia da agricultura tradicional em ambos 0s grupos de espécies
florestais.

5.7. Discussao
5.7.1 Comparacéo entre os efeitos de praticas de manejo

A agricultura intensiva leva a um declinio de espécies ndo-florestais e
especialistas florestais, enquanto generalistas florestais mantém-se estaveis. Por outro
lado, a agricultura tradicional leva a uma diminui¢do ou a manutencdo das espéecies ndo-
florestais e a manutencao de ambos os grupos de espécies florestais. O manejo intensivo
pode afetar negativamente espécies de aves, através do efeito direto do uso de
Agrotoxicos e Mecanizagdo e indiretamente reduzindo Heterogeneidade espacial. A
agricultura intensiva também impactou aves florestais de um modo nao-trivial, como o
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impacto da Irrigacdo sobre os Corpos d’dgua florestais. Na regido do Cerrado, areas
alagadas no interior das florestas sdo mais importantes para a riqueza de aves do que 0
tamanho do fragmento florestal (Marini, 2001). No Brasil Central ha muitos pivos de
irrigacdo em fazendas de agricultura intensiva que drenam o0s cursos d’agua existentes
no interior das matas ciliares e matas alagadas. Quando vistos de cima, os pivos formam
circulos na paisagem (ver Figura 1.b). Assume-se aqui que 0s principais impactos do
manejo tradicional s&o a caca, fogo e pecudria. A caca € uma ameaca consideravel para
florestas tropicais (Galetti 2001, Peres 2001), mas, uma vez que se as espécies cacadas
sdo sobretudo espécies de grande porte, ele ndo deve levar a um declinio de toda a
avifauna, mas principalmente os grandes frugivoros (Silva & Tabarelli, 2000).
Entretanto, o impacto da caca ndo deve ser negligenciado e projetos de educacdo
ambiental devem ser implementados para diminuir a pressdo de caga. Aspectos sociais,
tais como aumento da renda da populacédo local leva, geralmente, a uma diminui¢do na
pressdo de caca (Loibooki et al., 2002, Wilkie & Carpenter, 1999), de modo que as
politicas publicas que aumentem a renda, e educagdo associada a uma fiscalizagdo anti-
caca eficiente, pode contribuir para a conservacao das aves. No caso dos incéndios, as
espécies tipicas de cerrado estdo adaptadas ao fogo (Cavalcanti & Alves, 1997;
Machado, 2000), no entanto, um efeito a longo prazo sobre a comunidade de aves pode
ser negativo (Sedonda, 2009). Uma diminuicdo na densidade de gado e de reducdo no
regime de fogo deve atenuar o impacto do manejo tradicional (Neely & Hatfield, 2007,
Savadogo et al., 2007). No entanto, tem-se sugerido que o tempo de repouso seja mais
importante do que a densidade de animais criados per se, sendo que o tempo de repouso
é a chave para a sustentabilidade dos sistemas pecuarios (Savory, 1999). Por isso,
programas educacionais que, em conjunto com os agricultores, definam manejo de
pastoreio adequado, regime de fogo, a densidade de gado e o tempo de repouso, sdo
necessarios. Outros impactos do manejo tradicional devem ser considerados, tais como
extrativismo em comunidades vegetais que podem alterar a estrutura da vegetagédo
(Peres et al., 2003; Oliveira, 2009) e base de recursos para espécies animais e,
consequentemente, afetar a longo prazo a dindmica das populacGes de aves.

Com respeito a agricultura intensiva, € improvavel que esta pudesse ser feita
com menor impacto, uma vez que depende fundamentalmente do manejo monocultural,
pesticidas, maquinario agricola, irrigacdo e agrotdxicos. Intensificagdo agricola de
paisagens compostas por mosaicos de savana-floresta leva a perda de espécies de aves,
de modo que a riqueza futura dessas paisagens poderdo ser apenas um subconjunto das
espécies de hoje. Como as espécies generalistas florestais ndo sdo diretamente afetadas
no mesmo grau das espécies ndo-florestais e sao menos sensiveis do que os especialistas
florestais, é provavel que as comunidades futuras sejam restritas as espécies generalistas
florestais.

5.7.2. A heterogeneidade € a chave

A heterogeneidade de habitats €, ha muito tempo, reconhecida por regular a
diversidade de espécies de comunidades em “habitats naturais” (MacArthur &
MacArthur, 1961; Pianka, 1966; Roth, 1976). Uma maior heterogeneidade permite uma
maior diversidade de nichos (MacArthur & MacArthur, 1961), bem como a coexisténcia
de espécies que utilizam o mesmo nicho (Begon et al., 1996). A incorporacdo da
heterogeneidade em modelos baseados na predagdo (por exemplo, Lotka-Volterra e
sistemas Nicholson-Bailey [Beddington et al.,, 1978]), mostram que ambientes
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heterogéneos permitem a estabilizacdo da dindmica predador-presa. Tais resultados
foram corroborados por dados empiricos (Paine, 1969). Quanto ao efeito da
heterogeneidade da matriz na dindmica de metapopulagdes, Gustafson e Gardner (1996)
construiram um modelo de dispersdo baseado em decisfes individuais para avaliar o
efeito da heterogeneidade da matriz sobre a emigracdo e as taxas de imigracdo. Os
resultados nao foram claros, de modo que a heterogeneidade poderia aumentar ou
diminuir a probabilidade de ocupacéo das manchas (Gustafson & Gardner, 1996).

Outros modelos corroboram esses achados sugerindo que a heterogeneidade
aumenta a imprevisibilidade de dispersdo (Vandermeer & Carvajal, 2001; Revilla et al.,
2004). A complexidade da vegetacdo pode facilitar o movimento de passaros florestais,
de modo que uma matriz composta por vegetagdo em estdgio inicial de regeneracdo
(microespacialmente heterogénea) é mais permeavel do que matrizes abertas, como
pastagens (Stouffer & Bierregaard, 1995; Antongiovanni & Metzger, 2005; Castellon &
Sievings, 2006). Portanto, uma metapopulacdo inserida em uma matriz agricola
heterogénea pode permitir movimentos de espécies aumentando a conectividade de
paisagens agricolas (Donald & Evans 2006, Perfecto & Vandermeer 2010). As
comparac@es dos resultados encontrados no modelo atual com tais trabalhos sdo dificeis
em consequéncia das diferencas nas técnicas de modelagem, espécies-alvo e as
configuragcbes da paisagem. No entanto, o modelo aqui descrito corrobora com a
literatura sobre o fato de que o0 aumento heterogeneidade da matriz (no presente modelo
causada pelo manejo tradicional) aumentar a imprevisibilidade da dispersdo e,
consequentemente, aumentar a imprevisibilidade dindmica da comunidade.

No que se referem a espécies habitando o agroecossistema, Benton e colegas
(2003) desenvolveram uma explicacdo brilhante e simples para o declinio diversidade
induzida pela diminuicdo da heterogeneidade espacial e temporal em diferentes escalas
causadas pela intensificacdo agricola. O modelo aqui descrito associa os efeitos da
perda de heterogeneidade da matriz sobre as espécies que a habitam e as espécies que
habitam manchas florestais inseridos nesta matriz, como uma consequéncia da
intensificacdo da agricultura. Associar processos que atuam diretamente na matriz com
dindmicas metapopulacionais gera um padrdo qualitativo de como a intensificagdo
agricola da matriz afeta a comunidade habitando paisagens em mosaicos. O modelo
aqui descrito assume que a heterogeneidade influencia a predagédo, o que, por sua vez,
influencia espécies que habitam a matriz (savana), bem como espécies que utilizam a
matriz como uma um conduto (espécies florestais). Associado a heterogeneidade, a
predacdo é conhecida por ser uma das forcas principais que moldam as comunidades
(Gilinsky, 1984, Paine, 1969) e pode agir diretamente causando mortalidade, bem como
ter efeitos ndo letais atraves do risco de predacdo (Lima, 2009; Lima & Valone, 1991;
Whittingham & Evans, 2004). O risco de predacdo por si s6 pode influenciar
grandemente as comunidades, por exemplo, aves ndo se estabelecem em locais que
apresentem alto risco de predacdo (Lima & Valone, 1991). Assume-se aqui que as
espécies florestais e ndo florestais sdo "dependentes de cobertura vegetal” em suas
taticas anti-predatorias de escape (Lima & Valone, 1991). Isso significa que eles
percebem o ambiente heterogéneo com maior cobertura vegetal como sendo mais
seguro do que ambientes abertos, porque arbustos e arvores podem fornecer abrigo
contra predadores. A dependéncia de cobertura vegetal é a tatica de escape mais
utilizadas em comunidades de aves em ambientes campestres com algum nivel de
cobertura vegetal arbustiva ou arbdrea (Lima & Valone, 1991). Dessa forma, presume-
se que esse padrdo deve ocorrer em aves do cerrado. Portanto, a complexidade
vegetacional € reduzida pela intensificacdo agricola, o que leva a um maior risco de
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predacdo (a percebida e a efetiva) (Whittinghan & Evans, 2004; Brickle et al., 2000). A
predacdo de ninhos também é afetada negativamente pela heterogeneidade (Bowman &
Harris, 1980), bem como taticas anti-predatorias de nidificacdo (Martin, 1988).

Outro aspecto importante do risco de predacdo é que este afeta ndo sé a
comunidade que habita a matriz, mas pode também ser o principal componente da
permeabilidade da matriz para as espécies florestais. A explicacdo para isso é que as
espécies florestais, quando dispersam pela matriz, enfrentam um grande risco de serem
predadas (Bélisle et al., 2001; Boscolo et al., 2008; Harris & Reed, 2002). Deve-se notar
que as aves florestais devem ser altamente dependentes da cobertura vegetal, como
tatica para escapar de seus predadores, uma vez que 0s habitats naturais em que vivem
sdo complexos e com grande cobertura vegetacional. Esta é uma explicagdo para a
relutdncia das espécies florestais em cruzar areas abertas (Desrochers & Hannon, 1997).
A intensificacdo da agricultura, reduzindo a heterogeneidade espacial, especialmente o
componente complexidade da vegetacdo, pode diminuir a permeabilidade da matriz,
aumentando o risco de predacéo.

Estudos sugerem que matrizes sujeitas a agricultura intensiva no Brasil tém
grande abundéncia de aves de rapina (Carvalho & Marini, 2007). Esta grande presséo de
predacdo, associada com uma diminuicdo da seguranca real e percebida pelas aves pode
dificultar os movimentos de aves florestais em paisagens agricolas intensivas. A
importancia das relagdes entre predacdo, heterogeneidade e as préaticas agricolas sobre
espécies florestais e nao-florestais sdo apuradas por meio de modelos causais. Estes
diagramas tém valor heuristico porque organizam e formalizam as relacBes de
causalidade relevantes, a fim de compreender melhor o sistema modelado.

5.7.3. Potencial de modelos qualitativos para resolucdo de problemas em ecologia

Como os dados biologicos bésicos sdo difusos, imprecisos e encontrados
essencialmente em baixa resolucdo (Salles & Bredeweg, 2006), modelos numéricos que
dependem de relagdes precisas podem desconsiderar as variagdes naturais dos dados, de
modo que suposigdes irrealistas sdo muitas vezes feitas. Portanto, os modelos que
sacrificam a precisao em detrimento do realismo e generalidade sdo necessarios (Levins,
1966). O modelo aqui descrito visa compreender e prever o impacto da intensificacdo
agricola da matriz sobre as aves que habitam um mosaico de floresta-savana. Tal
modelagem ndo poderia ser feita usando modelos numéricos, porque dados sobre
relacGes numeéricas precisas sobre as aves habitando paisagens heterogéneas séo raros e,
no caso do Cerrado, ausentes. No entanto, é improvavel que o modelo tenha capturado
todas as relacGes relativas ao sistema em estudo (nenhum modelo poderia). A
construcdo de modelos qualitativos requer a exclusao das relaces que podem existir em
certas circunstancias especificas, ou em outra escala espaco-temporal, mas pode nao ser
relevante para os sistemas de dinamica global.

Finalmente, o raciocinio qualitativo tém se mostrado uma poderosa ferramenta
para a construcdo de modelos ecoldgicos e modeladores devem ser encorajados a usar
esta técnica para explorar este tipo de modelagem em suas potencialidades de previséo.
Aqui, apresenta-se um exemplo de como raciocinio qualitativo pode ser usado para
prever comportamentos de sistemas biologicos em diferentes cenarios, oferecendo uma
abordagem causal para a tomada de deciséo usando dados de baixa resolucéo.
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5.8. Conclusao

Ambas as praticas agricolas tiveram impacto negativo sobre a comunidade de
aves do Cerrado, apoiando a ideia de que areas grandes e numerosas devem ser
conservadas sem influéncias humanas (por exemplo, Unidades de Conservacdo). No
entanto, as duas praticas agricolas produziram impactos muito diferentes nas aves. A
agricultura intensiva leva ao declinio de espécies ndo-florestais, pois influencia
diretamente a matriz. No que se refere as espécies florestais, a agricultura intensiva
mantem generalistas estaveis e leva a diminuicao dos especialistas. 1sso acontece porque
a agricultura intensiva afeta negativamente a suplementagéo (comportamento de uso da
matriz como um habitat extra para alimentacdo e defesa do territorio) e a dispersao
através da matriz (porque diminui a permeabilidade as espécies florestais). Uma vez que
generalistas florestais sdo0 mais vageis e menos sensiveis do que o0s especialistas, 0
efeito de resgate por parte de populagdes que habitam fragmentos florestais vizinhos
pode prevenir o declinio de generalistas.

O Manejo tradicional desestabilizou as espécies nédo-florestais, mas ndo teve
efeito sobre ambos os grupos florestais. Dessa forma, no que se refere a conservacao de
aves, tal manejo deve ser preferivel & agricultura intensiva, corroborando a hipdtese do
trabalho.
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5.10. Apéndice: Entidades e agentes, varidveis, descricdo das variaveis e espacos
quantitativos associados a mesma.

Variaveis

Espacos quantitativos

Descricao das variaveis

Fogo anual

Pecuaria intensiva

Manuten¢do
etnoecoldgica

Recursos financeiros

Taxa de investimento

financeiro

Recursos alimentares

Riqueza de generalistas
florestais

Fitness e sobrevivéncia
de generalistas florestais

Taxa de variacdo de
espécies generalistas
florestais

Rigueza de especialistas
florestais

Taxa de variacdo de sps
especialistas florestais

Sobrevivéncia e fitness
de especialistas
florestais

Heterogeneidade
horizontal

Taxa de intensificacéo

Irrigacdo

Maximo, Grande,
Médio, Pequeno e Zero

Maximo, Grande,
Médio, Pequeno e Zero

Grande, Médio e
Pequeno
Méximo, Positive e
Zero

Zero e Positivo

Maximo, Grande,
Médio, Pequeno e Zero

Muito alto, Alto,
Médio, Baixo e Muito
baixo

Grande, Médio e
Pequeno
Negativo, Zero e
Positivo
Muito alto, Alto,

Médio, Baixo e Muito
baixo

Negativo, Zero e
Positivo
Grande, Médio e
Pequeno
Maximo, Grande,

Médio, Pequeno e Zero

Positivo e Zero

Maximo, Grande,
Médio, Pequeno e Zero

Intensidade com que a Matriz de cerrado €
gueimada. Zero significa que nenhuma parte da
matriz é queimada e Maximo significa que toda da
matriz é queimada anualmente.

Taxa de pastoreio, sendo que Maximo é a
capacidade de suporte e Zero é a auséncia de
gado.

Aqui é utilizada a definicdo de etnoecologia de
Toledo (1992) que é a associagdo do cdrpus
(repertorio de simbolos e conceitos sobre a
natureza) e praxis (conjunto de a¢des que envolve
a apropriacdo da natureza).

Input econémico.
Taxa com que os investimentos financeiros s&o
dedicados a intensificacéo agricola

Quantidade relativa de frutos, invertebrados,
invertebrado e carcacas disponiveis para as aves
na Matriz de cerrado.

Numero de espécies de generalistas florestais.

sobrevivéncia e  sucesso
das populacdes de

Associacdo  da
reprodutivo adulto/juvenil
generalistas florestais.

Direcdo da mudanca de riqueza de generalistas
florestais.

NlOmero de de aves

florestais.

espécies generalistas

Direcdo da mudanca de sps especialistas florestais.

sobrevivéncia e  sucesso
das populacBes de

Associacdo  da
reprodutivo adulto/juvenil
especialistas florestais.

Medida da diversidade entre cultivos, ou seja, a
riqueza de manchas de cultivo.

Taxa com que praticas agricolas sdo adicionadas
ou subtraidas do sistema.

Intensidade relativa de irrigacdo que a Matriz de
cerrado é sujeita.



Taxa de
conhecimento
tradicional

Mecanizacéo

Taxa de migracdo

Manejo monocultural

Abundéancia de sitios de

nidificagéo

Riqueza de aves néo

florestais

Taxa de variacdo de sps

nao florestais

Sobrevivéncia e fitness

de sps nao florestais

Quantidade de

propégulos

Permeabilidade as sps

florestais

Agrotoxicos

Extrativismo vegetal

Risco de predacao

Agricultura de

subsisténcia

Caga de subsisténcia

Taxa de

cons.

Negativo, Zero e
Positivo
Maximo, Grande,

Médio, Pequeno e Zero

Positivo e Zero

Maximo, Grande,
Médio, Pequeno e Zero

Grande, Médio e
Pequeno
Muito alto, Alto,

Médio, Baixo e Muito
baixo

Negativo, Zero e
Positivo

Grande, Médio e
Pequeno

Pequeno, Médio,
Grande

Maximo, Grande,

Médio, Pequeno e Zero

Maximo, Grande,
Médio, Pequeno e Zero

Maximo, Grande,
Médio, Pequeno e Zero

Maximo, Muito alto,
Alto, Médio, Baixo

Maximo, Grande,
Médio, Pequeno e Zero

Méximo, Grande,
Médio, Pequeno e Zero

manejo  Positivo e Zero
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Tendéncia de  manutencdo/construcdo  do
conhecimento e experiéncias referentes ao manejo
tradicional. Descreve a direcio com que
Manutencdo etnoecol6gica varia ao longo do
tempo. A abreviagdo ‘"cons" se refere a
conservacdo e/ou construcdo de forma a néo
considerar as sociedades tradicionais como
museus vivos (Perfecto et al., 2009).

Grau relativo com que maquinarios agricolas séo
utilizados na Matriz de cerrado.

Taxa com que propagulos sdo emitidos do Agente
Migracéo

Grau com que a Matriz de cerrado é convertida
em monocultivos. Maximo significa que toda a
Matriz de cerrado foi convertida em um Unico
monocultivo.

Potencial da Matriz de cerrado em prover sitios de
nidificacdo apropriado para espécies ndo-florestais
e florestais generalistas.

Numero de espécies ndo-florestais.

Direcdo de mudanca de especialistas florestais.

Associacdo  do  sucesso  reprodutivo e
sobrevivéncia dos adultos e juvenis das
populacdes néo florestais.

Quantidade relativa de individuos de aves
florestais que emigram dos Fragmentos florestais
vizinhos e que chegam com sucesso no Fragmento
florestal alvo.

Definida em termos de caracteristicas bioldgicas e
fisicas que facilitam ou impedem o fluxo de
propagulos através da matriz (Vandermeer et al.,
2008).

Quantidade relativa de pesticidas que a Matriz de
cerrado € sujeita.

Grau relativo com que vegetais ndo-cultivaveis
sdo coletados.

Risco percebido e real das aves/ninhos serem
predados na Matriz de cerrado.

Grau com que a Matriz de cerrado é sujeita a
agricultura de subsisténcia.

Pressdo de caca sobre populacGes de aves
florestais e ndo-florestais.

Taxa com que praticas tradicionais s&o



tradicional

Complexidade
vegetacdo

Corpos d"agua

da Maximo,

Grande,
Pequeno

Grande,
Médio, Pequeno e Zero

Médio

e
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adicionadas ou subtraidas da Matriz de cerrado

Camadas de vegetacdo que variam de acordo com
heterogeneidade de habitat no nivel local. Tal
varidvel pode ser medida com indices que
contabilizam com a variagdo vertical e horizontal
da vegetacdo (e.g. Roth 1976, Mas & Dietsch,
2003)

Quantidade relativa de agua nos corpos d’agua
(alagados e riachos) no fragmento florestal alvo.
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6. CONSIDERACOES FINAIS

Historicamente, a biologia da conservacéo e a ecologia tem subestimado o papel
da matriz de paisagem para populagdes que habitam manchas de habitat. Apesar disso,
uma grande quantidade de estudos vem ressaltando o fato de que a matriz realmente
importa para manutencao de biodiversidade em paisagens fragmentadas.

O presente estudo objetivou compreender certos aspectos ligados a matriz de
paisagem e prever o efeito de diferentes tipos de manejos agricola na dinamica de aves
em paisagens fragmentadas. A introducdo explora quest@es filoséficas sobre 0 manejo
da matriz. Revisa os efeitos dos tipos de agricultura nas espécies e a relacdo entre a
biodiversidade e produtividade em uma relagéo de retroalimentacdo. Aborda os efeitos
da estrutura da paisagem, por exemplo, a proximidade do fragmento florestal na
abundancia de polinizadores e predadores de potenciais pragas agricolas.

O capitulo 1 é uma modelagem dos efeitos do isolamento na efetividade da
restauracdo da matriz para a conectividade de quatro espécies de aves endémicas em
paisagens reais da Mata Atlantica. De forma geral, o0 menor grau de isolamento dos
fragmentos leva a uma maior efetividade de restauracdo da matriz. Apesar disso, 0s
resultados variaram muito, sendo dificil uma generalizacdo. Tal fato contradiz a
hipdtese inicial do trabalho, de que em graus intermediarios de isolamento, a
restauracdo leva a um maior aumento da conectividade funcional. O modelo é uma
abordagem para priorizar areas de restauracao da matriz, podendo assistir manejadores e
tomadores de decisdo para escolha de &reas em que a restauracdo seja mais efetiva para
a conectividade das espécies.

O capitulo 2 é uma abordagem qualitativa da dindmica das quatro espécies
citadas no capitulo anterior. Assumindo uma dindmica metapopulacional com variagdes
aleatdrias e utilizacdo de habitat suplementar na matriz adjacente pelas espécies, a
intensificacdo da matriz agricola afeta negativamente subpopulacBes que habitam
pequenos fragmentos, principalmente espécies mais sensiveis. A intensificacdo da
matriz agricola na Mata Atlantica leva a um desbalanco na dindmica de extincdo local e
recolonizacao reduzindo o efeito resgate, impedindo a recolonizacdo de fragmentos de
florestas.

O capitulo 3 comparou o efeito de dois tipos de agricultura (tradicional e
intensiva) nas comunidades de aves habitando um mosaico de cerrado-floresta,
utilizando modelos qualitativos. Os resultados sugerem que a agricultura intensiva leva
o declinio de especialistas ndo florestais e especialistas florestais, ao passo que 0s
generalistas florestais se mantiveram estaveis. Por outro lado, agricultura familiar leva
ao declinio e manutencdo de ambos os grupos florestais. Finalmente, a substituicdo de
sistemas familiares tradicionais por agricultura intensiva devera afetar negativamente a
comunidade de aves. Caso a intensificacdo continue a ocorrer no Cerrado, a avifauna
das paisagens futuras podera ser um subconjunto das comunidades presentes, compostas
principalmente por generalistas florestais.

A utilizacdo de modelos que utilizam uma abordagem generalista como 0s
modelos de raciocinio qualitativos (capitulos 2 e 3), associados aos modelos numéricos
de conectividade funcional (capitulo 1) leva a uma melhor compreensao da influencia
da intensificacdo agricola da matriz. Tal fato se da uma vez que os modelos com
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diferentes graus resolugdo podem explorar diferentes aspectos ecoldgicos de um mesmo
fendmeno, ou 0 mesmo aspecto de diferentes perspectivas.

Finalmente, os resultados gerais da tese incluindo os trés capitulos e a
introducdo, apontam para uma reducdo de biodiversidade causada pela intensificacao
agricola.

Tendéncias politicas atuais apontam para um aumento da agricultura intensiva
nas paisagens brasileiras. Adicionalmente, a maior participacdo dos biocombustiveis na
matriz energética mundial deverd levar a intensificacdo agricola. Outro aspecto politico
que deverd aumentar as areas cultivadas e indiretamente a intensidade de manejo nas
mesmas € a atual mudanca no codigo florestal brasileiro.

Tendo em vista este cenario de aumento do grau de intensificacdo e aumentando
a area cultivada torna-se fundamental a analise dos efeitos de sistemas agricolas nédo
intensivos na biodiversidade, especialmente em "hotspots” de conservacdo, como 0
Cerrado e a Mata Atlantica.

Espera-se que um maior conhecimento do efeito da intensificacdo agricola na
dindmica de aves em paisagens fragmentadas subsidie politicas de manejo da paisagem
mais efetivas para a conservacdo da biodiversidade. Dessa forma, espera-se que a
discussdo sobre a importancia do manejo adequado da matriz ultrapasse os muros da
academia e alcance os tomadores de decisdo, para que o conhecimento técnico seja
aplicado ao manejo de paisagens reais.
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1. Introduction

One quarter of the terrestrial surface is composed of cultural systems, while in the tropics,
70% of the land has already been converted into pastures, agriculture, or a mixture of
managed landscapes [1,2]. Agricultural expansion is recognized as the most significant
human alteration of the global environment, with the addition of fertilizers in the
agricultural sector accounting for high input of nitrogen and phosphorus in terrestrial
ecosystems. The conversion of natural ecosystems in agricultural areas has increased fire
frequency, and caused profound rupture in nutrient cycles. Furthermore, agricultural
expansion has modified landscapes, making them more vulnerable to invasion by exotic
species.

In spite of these facts, there is enough evidence that anthropogenic systems managed using
agroecological principles can support high levels of biodiversity [3,4], contribute to the
maintenance of a healthy environment and its services, as well as depend less on costly
external inputs of pollutant pesticides and fertilizers [5]. Therefore, there is a wide range of
agricultural management strategies, and they differ greatly on their effect on biodiversity.

Today, agroforestry systems cover more than 16 million hectares, and they involve 1.2
billion people worldwide [6]. Traditional shade-cocoa [7], shade-coffee [3], and agroforestry
home-gardens [8] are examples of agricultural systems that retain part of the natural habitat
structure and ecosystems properties, providing habitat for rich and diverse fauna and flora
including threatened and endemic species. On the other hand, intensive agricultural
systems, such as pastures and extensive mono specific plantations, harbour low levels of
biodiversity, hamper biological flux, and lead to soil leaching, and nutrient import/export.
Intensive agriculture is one of the major drivers of change in some biogeochemical cycles

© 2012 Goulart et al., licensee InTech. This is an open access chapter distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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such as nitrogen and phosphorus [9]. This “out of farm” nutrient input changes the
coexistence and competition patterns between autotrophic organisms, changing the
structure of natural ecosystems. The more intensive the agricultural systems, the less they
are capable of harbouring biodiversity, maintaining landscape connectivity, and conserving
ecosystems properties and services. Agricultural intensification is a process in which low-
input agriculture (such as traditional mixed farming) becomes intensified in terms of
input/output level, which in turn impacts negatively the associated biodiversity, and the
natural ecological services.

2. Hunger and conservation in the tropics

Two of the most important issues in the political and scientific agendas are biodiversity
conservation, and hunger. Of the world’s 2 million formally described taxa, between 12%
and 52% are threatened with extinction according to IUCN Red List of Endangered Species
[10]. For example, 119 out of 273 species of turtles in the world are threatened, and 1,063 out
of 4,735 mammal species are threatened [10]. At the same time, solving the hunger problem
seems to be another great challenge for humanity. Global food production has increased
168% over the past 42 years. However, there is great inequality in food distribution. Only
between 2000 and 2002, 852 million people suffered from malnutrition (96% in developing
countries). Although biodiversity loss and hunger are global problems, nowhere are these
problems more acute than in the tropical region. There is a clear pattern in the distribution
of biodiversity and latitude, i.e. the closer it gets to the Equator, the larger the number of
species. The Afrotropical and the Neotropical region account for 49% of the bird, 63% of the
amphibian, and 45% of the mammal species of the world [10]. Only in the Neotropical
region, more than 10,000 vertebrate species are found [10]. Hence, most world priority sites
for biodiversity conservation are concentrated in the tropical region [11]. On the other hand,
hunger problem are also much more intense in the tropics, where most underdeveloped
countries are situated. South Asia alone accounts for 60% of the undernourished people in
the world, and Subsaarian Africa also shows high starvation levels. In the Congo
Democratic Republic, more than 60% of the population is unable to acquire sufficient
calories to meet their daily caloric requirements. In India, one of the most populous
countries, this value lies between 30 and 40% [6].

Because of the high level of biological diversity, and the great famine incidence, it seems
clear that trade-off or win-win relationship between biodiversity and agriculture must be
exacerbated. Therefore, global scientific and political concerns that address the issues of
hunger and biodiversity conservation in the tropical region are necessary.

3. Myths and facts about conservation and agricultural production

Ecologists and biologists have focused their work primarily on “pristine’ or “untouched’
habitats [12,13,14]. This is done under the assumption that human modified ecosystems
have virtually null or diminished importance for conservation, and that conservation efforts
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should go in the direction of establishing human-free reserves as large as possible to avoid
species loss. What some ecologists and conservation biologists ignore is the fact that: even
supposedly untouched places have actually moderate degree of human intervention [15].
Human-modified ecosystems vary greatly in their quality for biodiversity and maintenance
of ecosystems properties. In the ‘unaltered’ habitat, biodiversity is often restricted to
patches embedded in an anthropogenic matrix, which can serve as a conduit or barrier to
species movement. Because connectivity is necessary for the long term maintenance of
species in patchy landscapes [16], matrix management has deep effects on biodiversity, and
functioning of the complex habitat mosaic [17,18]. Finally, human activities can reach far
beyond anthropogenic environments, causing changes in several regional processes, hence
affecting ecosystems and biodiversity at larger scales.

On the other hand, agricultural sciences are rarely aware of the effect of management on
ecological patterns taking place in the agrienvironments and landscapes. The inverse is also
true: they are unaware of how ecological patterns taking place in the agrienvironment and
of the landscape affect agricultural production. Agribusiness and agricultural scientists
generally aim at reaching the highest agricultural yields. There is an implicit assumption
that the loss of ecosystems services will be overcome by biotechnological advances. It is
common the thinking that if the weather is drier because of climatic alterations, resistant
crop will be developed; that if soil is leached, higher fertilizer quantities can be applied; and
SO On.

A common argument, in which yield-maximization is based, is the poverty and hunger
alleviation issue. The mostly accepted ideas are that agricultural managements should
increase production at any cost, based on the hunger alleviation argument, and that
conservation efforts, although being relevant to society, should never prevent food
production from increasing. Facing these persuasive arguments, biological conservation is
regarded as low priority, compared to productivist sectors in the stakeholder’s agenda.

Even some conservation biologists accept such assumptions, so that they propose that
agricultural areas should reach maximum yields in order to reduce the need to convert more
natural areas into agricultural systems, but still maintain the production target [19,20]. This
theory is called Land Sparing, and predicts that agricultural intensification would reduce
deforestation by increasing productivity. This view has been criticized on the theoretical
ground [13,14,21], as well as with empirical data from studies at both regional [22], and local
scales [23]. For example, the agricultural product demand (mainly meat and soybean) has
increased Amazonian ecosystems’ conversion rates. Direct forest conversion into
agricultural lands in 2003 accounted for 23% of forest and savannah deforestation in the
Mato Grosso state of Brazil. While grazing areas remain the main deforestation cause in the
Amazon, land conversion for the production of soybean crops for exportation is also leading
to high deforestation rates [24].

Figure 1A. shows that, at global levels, food production has been steeply increasing since the
sixties [25]. Food production per capita has also increased, although at lower rates, and food
prices have been declining with some oscillation. Finally, the number of undernourished
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people has declined up to the mid 1990s, when it started increasing suddenly. Therefore, at
global levels (in which agribusiness operates), the increase in food production per capita per
se does not guarantee hunger alleviation. Hence even disregarding conservation issues, the
argument that food production should increase to nurse the hunger problem, even if
conservation policies are underprivileged, is a fallacy and lacks scientific base.

Using basic ecological principles, such as trophic webs, it is possible to maximize food by
simply moving down to lower levels of the trophic pyramid. By changing our food habits
so that we eat more vegetables and less meat, the quantity of food per capita will increase.
Therefore, it is more reasonable to use actual food production in a more rational manner,
rather than clearing forest for agricultural expansion, or increasing productivity at the
cost of biodiversity loss. Another important issue that emerges from the hunger problem
is that of food distribution. From 1980 to 2000, the number of obese adults have doubled
in the United States [28], and tripled in the United Kingdom [29]. Obesity is growing
around the world and affects mostly high income countries, but it is also epidemic of
many low income countries. For instance, in some cities of China, 20% of the population is
overweight [30]. In some countries in Africa, Latin America, Asia, and the Pacific, there is
a double burden of diet-related diseases caused by obesity and undernourishment. Figure
1.B shows the proportion of the population which is overweight in the last years in some

countries.
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Figure 1. A) Trends in key indicators of world’s food production 1961-2002 [26]. (B) Proportion of the
population which is overweighed in the last years in some countries [27].



Agricultural SystemS and the Conservation of Biodiversity and Ecosystems in the Tropics

Another wrong aspect of the Land Sparing Theory is that it does not account for some
important political and social aspects [8]. For instance, the rural poor comprise 80% of
those hungry worldwide [6], and any management that addresses the hunger issue must
therefore focus on poor farmers. Studies in Brazil [31], Central America [32], and India
[33] showed that agricultural intensification leads to social disasters. In Brazil,
agricultural intensification has lead to an increase or to the maintenance of rural poverty
levels, and to a drastic increase of poverty in the cities. It has reduced prematurely the
labour demand, inflated land prices, expelling small landholders from their lands [31]. In
Andra Pradesh, in India, 16,000 farmers committed suicide between 1995 and 1997,
mainly because of farm failure. Most failure was caused by conversion of traditional
mixed farming systems into monocultures of a high yield variety of cotton, which was
highly dependent on external inputs [33]. Hence the assumption that agricultural
intensification can solve the problem of hunger and poverty is naive. Furthermore, the
idea that large scale agriculture produces more than at smaller scales is erroneous for
most countries [34], as is the idea that organic systems are generally less productive than
conventional ones [35,36].

4. Agriculture and biodiversity conservation

Great part of the world’s terrestrial surface is in the agrienvironment, so that most of the
world’s terrestrial biodiversity inhabits the agrienvironment (known as farm biodiversity),
or inhabits patches of natural habitat embedded in an agricultural matrix. In the last 40
years, most of these agricultural landscapes have gone through deep changes in farming
practices, which have negatively affected farm biodiversity [37,38,39], as well as the
metapopulation dynamics of the species inhabiting patches embedded in an agriculture
matrix [13,40,21]. “Agricultural intensification” is the general term given to changes in
farming practices that have begun after the Green Revolution. Intensification includes
pesticides, irrigation systems, machinery, an increase in farm size, and a decrease of spatial
and temporal heterogeneity [37].

Concerning agriculture and biodiversity, it is important to distinguish "planned
biodiversity" or "agrobiodiversity", which are the species intentionally introduced in the
agricultural systems for the proposes of production, from "associated biodiversity" defined
as the biological components that exist in an agricultural system by chance, without being
actively introduced [41]. From an ecological point of view, it is also useful to distinguish the
associated biodiversity that inhabits the agrienvironment (that feeds, reproduces and roosts
in it) from species using the agricultural matrix simply for dispersion.

Agricultural intensification leads to declines at the species level, through conversion of
mixed crop systems into monocultures, but also at the genetic level though the replacement
of highly diverse traditional cultivated varieties for single high-yield varieties [42,43]. This
has caused the extinction of many traditional varieties worldwide, leading to
homogenization of cultivated species at the genetic level. Because traditional varieties have
gone through centuries or millenniums of adaptation and selection, many traditional
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varieties are much more adaptable and less demanding in terms of external inputs than
modern ones.

Moreover, agriculture intensification leads to the widespread use of pesticides, which cause
the loss of biodiversity through direct poisoning. The famous Rachel Carson’s Silent Spring
[44] is a keystone in the environmental cause, and describes the effect of pesticides on birds.
Pesticides increase the risk of egg breakage by reducing egg shell thickness [44, 46]. They
also cause changes in brain activity of the birds [47]. Consequently, pesticides may not only
cause population decline of birds inhabiting agrienvironments, but it may also negatively
affect species inhabiting adjoining habitat forest areas [48]. Pesticides exposure associated to
trematode infection can cause morphological deformities in amphibians [49]. Another
vertebrate species negatively affected by pesticides are human beings. The WHO [51]
estimates that 220,000 people die annually because of unintended pesticide poisoning. The
majority of cases occur in low-income countries, where knowledge of health risks and safe
use of pesticides is limited [6].

Another effect of agricultural intensification on farm biodiversity is the loss of spatial and
temporal heterogeneity which seems to be the major cause of farm associated biodiversity
decline worldwide [37]. Studies conducted in ‘natural landscapes’ suggest that spatial
heterogeneity increases the number of possible niches in a given habitat [51], as well as the
possibility of co-existence among species that share the same niche [52]. Heterogeneity also
increases the chance of co-existence of predator-prey dynamics [53]. Bird nest predation
rates in homogeneous environments are higher than in heterogeneous ones [55,37]. Also,
heterogeneity can affect perceived risks for bird species, so that even if there is no real
predation pressure (for instance, because top predators abundance has decreased due of
habitat alteration), birds will not establish in homogeneous habitats, where perceived risk is
high [55,56]. Therefore agriculture intensification, by affecting predation pressure via habitat
homogenization deeply reduces bird diversity associated with agricultural habitats [37,55].

For animals that disperse through the agricultural matrix, heterogeneity can increase matrix
permeability to species flux, reducing (re)colonization in patches in agricultural landscapes
[37]. Regarding forest birds, individuals face great actual and perceived risk when
dispersing in open habitats [57], which suggest that intensification of the agricultural matrix
may reduce avian dispersion rates. Hence, agriculture intensification leads to a loss of
temporal and spatial heterogeneity among farm plots and regions via homogenization of
farming practices [37]. Heterogeneity is a key concept in agroecology, and can go beyond
the biological sphere, reaching important aspects of social spheres, such as cultural
(diversity of agricultural practices and knowledge in the community), gender (woman
participation in farming activities), and individual (individual empowerment in rural
communities) levels. Hence, heterogeneity must be a flagship in the management of
agricultural landscapes [58].

Following, we exemplify how agricultural practices affect biodiversity in the tropical region,
by highlighting the effects of agricultural intensification on biodiversity and production of
shade-cocoa (Fig 2.A), shade-coffee (Fig 2.B) and home gardens (Fig 2.C).
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Figure 2. Highly diverse agroforestry systems in the Atlantic Forest Hotspot of Brazil. Figure 2.a is a
shade-cocoa (cabruca) in the south of the Northeast region in the state of Bahia; Fig 2.b is a traditional
rustic coffee agroforest in the southeast region in the state of Minas Gerais; and Fig 2.c is a home-garden
in the southeast in the state of Sao Paulo. Photos by F.F. Goulart.

4.1. Shade-cocoa plantations

Shade-cocoa systems are the largest agroforestry system in the world, accounting for 7
million hectares worldwide [6]. Cocoa is planted under a shade canopy in many tropical
countries, such as Indonesia [59], Costa Rica [61], Mexico [62], Camerron [63], and Brazil.
The cabruca is the local name of traditional rustic shade-cocoa plantations in the state of
Bahia, in the northeast Brazil. The system involves growing cocoa under the canopy of
native Atlantic Forest. In the 1960s, the Brazilian military government implemented a policy
of promoting the intensification of the cabruca to increase production. The program
involved the reduction of shade in a way to reduce the incidence of the witches broom fungi
(Moniliophthora perniciosa), a cocoa pest responsible for the collapse of the productivity in the
region. Additionally, the use of fertilizers and pesticides was suggested due to an increase in
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insect pests in the low-shade management strategy. The government conceded credit loans
to farmers who removed trees from the system. This involved the use of arboricides in order
to facilitate the ‘deforestation” of the high-shade cabruca. Fortunately, many farmers did not
adopt the program, while many that obtain the loan did not remove the trees. The reason for
this is that fertilizer and insecticide expenditures outweighed the gains of the low-shade
management. Also farmers considered that tree removal would increase risk under the
condition of price uncertainty.

Today, the rustic cabruca is what was left of the Atlantic Forest in the region, and it
harbours high levels of forest biodiversity. High richness of forest ants [64], bats, birds [4],
frogs, lizards, ferns [7], and trees have been reported in the cabruca [65]. Furthermore, many
threatened species, such as the golden lion tamarin (Leontopithecus rosalia), one of the rarest
monkeys of the world [66], the golden headed lion tamarin (Leontopithecus chrysomelas), the
yellow breasted porcupine (Chaetomys subspinosus) [67], the white-necked hawk (Leucopternis
lacernulatus), and the pink-legged graveteiro (Acrobatornis fonsecai) [4] live in the cabrucas.
This Acrobatornis is a mono-specific genus, first described in the cabruca [68], and has never
been reported outside of this environment [69]. Because all of these organisms are forest
dwelling species, it seems plausible that, if all cabruca were converted into low-shade
system, as proposed by the government, these species would be locally extinct. In the case of
Acrobatornis it is would be globaly extinct, as it is restricted to high shade systems. Hence, if
farmers were risk takers, this species would have disappeared without science ever
knowing about it, as it was described 30 years after the implementation of the intensification
policy. We consider the cabruca one of the most biological important agroecosystem in the
world.

Faria and coworkers [4,7] found that the richness of species in the rustic agroforestry is even
higher than the found in the forest. Despite this great importance of shade plantations for
biodiversity conservation, most studies indicate that many forest dwelling species are absent
or found at a much lower abundance in the agroforest, compared to the primary forest,
suggesting that shade plantations cannot substitute the forest in its ecological function. In a
study in Costa Rica, two species of sloths (Bradypus variegatus and Choloepus hoffmannis) were
radio-tracked to understand the use of the agrienvironment by the individuals. The results
indicated that the shade-cocoa, the riparian forest, and live fences provided habitat and
increased connectivity for these species [70].

Concerning the relationship between biodiversity and cocoa production, a recent study
conducted in Sulawesi concluded that, for most taxa (Fig. 3), including endemic species (Fig.
4), there is no correlation between both variables [71]. This suggests that the relationship
between conservation importance and yield is not a trade-off, but can be win-win, as high
production can be coped with biological conservation. Additionally, authors found no
relationship between forest distance and biodiversity, so that that species richness is related
to management structure rather than landscape patterns. Therefore Landsparing Theory,
which assumes a trade-off between conservation and production [20], cannot be applied to
these cocoa systems.
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Figure 3. Associated biodiversity in smallholder cacao agroforestry in relation to cacao yeild in Sulawesi,
Indonesia, for (A) trees, (B) herbs (C) endophytic fungi, (D) butterflies, (E) ants, (F) spiders, (G) birds, (H)
rats, and (I) amphibians and reptiles. Broken lines are intercept-only linear models. Source: [71]
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Figure 4. Endemic species richness and cacao yield relationship for (A) butterflies and (B) birds in
Sulawesi, and the influence on shade cover on productivity (C). In all figures dashed lines are linear adjust,
and in C solid line is the linear adjust and dashed line are maximum son-linear adjust. Broken lines are
intercept-only linear models (A, B), and in (C) broken line are the maximum simulated values. Source: [71]

4.2. Shade-coffee systems

Just as in the case of the shade-cocoa, coffee is planted in high-shade rustic agroforestry
systems in Mexico [3], Jamaica [72], Guatemala [73] and Brazil [74] among others. In the
Mexican systems (probably the most studied agroforest in the world), high richness of
species is found [4,75]. The conversion of these systems into sun monocultures, as part of the
worldwide intensification policy, has called the attention of ornithologists because many
migrant birds used shade plantations in the winter. Consequently, the substitution of high-
shaded for sun systems leads to a decline in migrant bird populations. Therefore,
conservationist agencies, such as the Smithsonian Bird Migratory Center, the Conservation
International, and the Nature Conservancy launched a campaign to conserve this
agrienvironment by certifying coffee farms as "bird friendly", or "biodiversity friendly".

High diversity of trees, birds, frogs [75], ants, butterflies [41], orchids [76], bats, dung-beetles
[77], bees, and wasps [78] are found in shade-coffee plantations in comparison with sun coffee
systems. Birds are the most well known taxa in coffee plantations, as in other agricultural
systems [79]. By the year 2006, forty studies had been published in well known international
scientific journals on birds in shade-coffee plantations [80]. This review suggests that more
than 50 North-American migrant species use shade-coffee plantations. Concerning
endangered birds, eight species that use shade-coffee are considered to be threatened at some
degree [80]. Some other aspects of bird ecology are worth noting. For example, migrants to
show high winter site fidelity (individuals return to the same area in consecutive years) in
shade plantations, which suggests that these areas are highly suitable for wintering [81]. Many
threatened taxa of mammals are found in shaded-coffee systems in Mexico, such as the
tamandua anteater (Tamandua mexicanus), the river otter (Lutra longicaudis), the mexican
porcupine (Shiggurus mexicanus), and the margay (Leopardus wiedii) [82].

Agriculture intensification acts by reducing both planned and associated biodiversity, and
coffee systems are not an exception. For instance, in the southeast of Brazil, traditional coffee
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farmers cultivated a traditional varieties of coffee (Moca, Carolina, Cravinho among others),
which is shade tolerant, and has a long productive life cycle (according to farmers, the Moca
plants can produce for more than a hundred years). In the 1970s, agricultural intensification
policies introduced a sun-variety of coffee (locally called Catuai). This variety starts
producing at earlier life stages than the traditional varieties, but also stops producing earlier
and it is much more dependent on fertilizer and pesticides [74]. The substitution of
traditional varieties for modern ones leads to a widespread failure of coffee production in
the region, because farmers could not keep up with the high costs of necessary inputs. The
result was the conversion of coffee plantations into pastures. Many traditional varieties, as
the Carolina, are at risk of extinction due to the substitution for the modern varieties. We
once heard a statement from a local farmer, saying in a mix of disappointment and anger:
"Agronomists have ruined coffee production in the region". Although we believe that the
problem lies beyond simple government agriculture agencies’ technicians, this is a good
example of the misleading efforts of the agriculture intensification programs.

Regarding the pattern of conservation-production of coffee systems, studies conducted in
Central America, points out to a trade off. This occurs because the reduction in tree density
may, depending on the shade values, decrease biodiversity and increase yields. Species
richness and productivity negative relationship can be concave or convex. Convex pattern,
means that significant amount biodiversity is present at intermediate levels of biodiversity,
while in the concave, trade-off is steep and relatively low levels of biodiversity in systems
with intermediate productivity. In the Mexican systems, butterflies show a convex, while
ants show a concave pattern (Fig 5).
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Figure 5. Construction of yield set from the functions of cover (A and B) and the yield-richness
relationship for butterflies and ants in coffee systems of Mexico (C). Source: [41]
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4.3. Home-gardens and other agricultural systems

Home-gardens are the oldest agroecosystems in the world [84], and may be more than
10,000 years old [85]. These systems are generally characterized by a high heterogeneity
within plots and regions. Because home-gardens are a complex mosaic of orchards,
live-fences, mixed farming practices (including animal raising), and they vary greatly on
their temporal and spatial structure. Another aspect of home-gardens is that they
individually occupy a small area, especially in the tropics, so that the management grain
(minimal area in which a certain farming practice takes place) is small, and human
density is high.

Home-gardens are a pool for agrobiodiversity, work as refuges, preventing the genetic
erosion of cultivars, and are considered living gene banks [86]. For example, in the home-
gardens of Nepal, twenty crop species have been lost in the last 10 to 15 years, and 11
species are threatened (their use has declined significantly over the last years) [87]. In an
arid region of the northeast of Brazil, more than 50 woody plants were reported in 31
home gardens, including many native species [88]. In the tropical lowland forest of
Indonesia, in only six traditional home-gardens (locally called tembwang), 144 of the tree
species were found [89]. In Bangladesh, in 402 home-gardens, Kabir & Webb [90]
recorded 419 tree species. Half of these species were native, and six are in the IUCN Red
List.

The biodiversity associated with home-gardens is largely unknown. Mardsen and
coleagues [91] have conducted bird diversity censuses in home-gardens of New Guinea,
finding high richness of species in those systems. In spite of this, many forest species were
found in lower numbers or were absent in the gardens. In the Brazilian Atlantic forest
hotspot, two works [92, 93] were carried out in the Pontal of Paranapamena agroforestry
home-gardens, comparing bird assemblages in pasture, forest, and gardens. Both
concluded that agroforestry systems are very important for bird conservation in the
region. However, one of them noted a great influence of the distance between gardens
and the nearest forest on bird richness and abundance (Fig 6A). Two species of Psittacidae
of conservation concern (threatened or near-threatened respectively), Ara chloroptera and
Primolius maracana, were found in home-gardens [92]. Additionally, another study
concerning the feeding ecology of frugivorous birds, including Ara chloroptera, reported
that the feeding activity, and the diversity of food items consumed by this species were
greater in home-gardens compared to forest. In spite of it, abundance was higher in the
forest compared to gardens. Feeding bouts per abundance (FBPF), which describes the
relative amount of feeding activities irrespectively of the frequency of habitat use, was
greater in home gardens than in forest (Fig 6B). The study suggested that home-gardens
have richer and more abundant food resources, but because they are more intensely
disturbed, and perceived predator risk pressure is greater, birds spend less time in this
habitat compared to forest [8] (Fig 6B). Figure 7 shows two species feeding in these home-
gardens.
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Figure 6. Variation in richness (circles and grey line) and number of individuals (squares and black line)
as a function of distance to the closest large forest patch (A) [93], and Feeding bouts per frequency of
Amazona aestiva (Amaz), Ara chloroptera (Ara), Cyanocorax chrysops (Cyano), Ramphasto toco (Ramph) and
Pterglossus castanotis (Ptero) in forests and home gardens (B) in the Pontal of Paranapanema, Brazil [8]

Many other tropical agroforestry systems are known to harbour high biodiversity, such as
the shade yerba mate [94], and the rubber jungle [95]. Live fences, isolated trees on pastures,
and wind breaks also serve as habitat to many species, as well as increase landscape
connectivity for many other species [96]. For example, a study conducted in Vera Cruz,
Mexico, showed that pasture with isolated trees hosted 35 different orchid species [97].
Another study in the same region found that these systems harboured 58 species of vascular
epiphytic and hemiepiphytic forest species [98]. Guevara and Laborde [99] recorded 73
species of bird species visiting four individuals of fig trees (Ficcus sp) in pastures of
Veracruz. In Australia, isolated paddock trees in New South Wales are used by 31 bird
species [99]. In Brazil, Ara ararauna has been seen foraging in pastures with high abundance
of palms (Syagrus romazoffiana). This bird is considered threatened, and its population is
declining in some states of Brazil [101]. Other studies show that fig trees (Ficcus sp) in
pastures near forests are visited by bats [102], and primates [103].

5. Agriculture, biogeochemical cycles, and ecosystem services

Biogeochemical cycles represent the movement of chemical elements within and between
several biotic and abiotic entities. These elements can be extracted from mineral sources, the
atmosphere, or be recycled through conversion of organic to ionic form, returning to the
atmosphere or soil. This cycle is performed by a wide variety of organisms, from a large
number of nutrient compartments. The relative abundance of these compartments is specific
for each ecosystem type [104]. Any biogeochemistry imbalance between compartments
results in diversity loss through bottom-up effects, in which changes in nutrient levels
trigger an imbalance in the whole ecosystem’s trophic web. Ecosystem fertility is defined as
the potential of soil, sediment or aquatic systems to provide nutrients in enough quantity,
form or proportion to support optimal plant growth. Soil nutrient flows can be represented
by the release of organic matter from microbial communities. However, the chemical
balance and the maintenance of ecological processes (mainly carbon, nitrogen, phosphorus,
and sulphur cycles) are strongly affected by agricultural and industrial activities.
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Figure 7. Blue-fronted Amazon (Amazona aestiva) feeding on a mango tree (Mangifera indica, Fig. 3.A)
and Melia azedarach (Fig 3.C). Chestnut-eared Acari (Pteroglossus castanotis) feeding on Cecropia
pachystachya (Fig 3.b) and Inga vera (Fig 3.D). Photos by F.F.Goulart
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Living organisms usually contain a relatively constant proportion of chemical elements,
especially carbon, nitrogen, and phosphorus. In natural ecosystems, the regulation of
biogeochemical cycles work at different space and time scales, allowing the adjustment
of the nutrient flows from microbial activity to plant demand, reducing nutrient losses
within ecosystems. The synchrony between nutrient release, plant use demand, and
microorganisms is determined by complex chemical, biological, and physical
interactions. These nutrient maintenance processes are rarely achieved in
agroecosystems, in which nutrients are lost to the atmosphere and to aquatic ecosystems
[105]. In spite of this, agricultural practices vary widely on their efficiency of
conserving/losing nutrients. Agricultural intensification, by creating open systems, in
which nutrients are lost, are highly dependent on constant inputs (mainly fertilization) in
order to sustain production.

5.1. Carbon, nitrogen and phosphorous cycles

Ecosystem nutrient input to produce goods and services to humanity have amplified N and
P global cycles by 100% and 400% after the industrial revolution, respectively [106].
Agriculture is responsible for approximately 15% of anthropogenic CO: emissions, 58%
methane (CH4) emissions, and 47% of N20 emissions [107]. The global N cycle was changed
by human activities, so that more N is fixed annually by human activities than by all natural
means combined [108]. Furthermore, high N concentration in the biosphere interacts with
the carbon and sulfur amplified cycles, affecting the global climate [109].

Ecosystem nitrogen increase has been recognized as an important cause for changes in
plant species’ composition, and for biodiversity loss in a wide range of ecosystems in the
globe. According to Bobbink et al [110], an increase in N availability influences species
composition and diversity due to changes in competitive interactions among plants, either
through the direct effects of nitrogenous gases and aerosols toxicity, or by ammonium
nitrate toxicity, which is the predominant N soil form. Increase in soil acidity, cation
leaching, and Al concentration promotes ecosystem stress and susceptibility to
disturbance, with direct effects on species diversity. Furthermore, changes in competitive
interactions due to changes on N amount may be influenced by other edaphic conditions,
such as P limitation.

The phosphorus cycle is also greatly affected by agriculture. Globally, 17 tetragrams of
phosphorous are applied in the soil every year as fertilizers, and this element is the main
driver of water eutrophication worldwide [111]. Menge and Field [111] have argued that an
increase in N atmospheric deposition, coupled with increased CO: atmospheric
concentration stimulates net primary productivity, increasing P demand or limitation. N
limitation reduction can cause an increase in P limitation in many ecosystems where N is
limiting. The increase in P limitation can modify plant communities by increasing organic P
demand, increasing phosphatase enzyme levels in plants and microorganisms. This
represents a phosphorus stress that induces limitation changes (from N to P), favouring
species that may use P in its organic form [112].
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However, effects due to changes in a particular nutrient concentration may be manifested
not only in quantitative changes, but also in qualitative changes in the nature of nutrient
limitation. According to Elser et al [114], and Davidson and Howarth [115], limitation by N
and P are equivalent in terrestrial ecosystems, and the supply and demand of these nutrients
are significantly correlated. Thus, the addition of a specific nutrient causes a modest
limitation by another, which reduces both nutrients” limitation, causing synergistic positive
effects in net primary production in several terrestrial ecosystems. The authors suggest that
there is a stoichiometric relationship between N and P supply for autotrophic primary
production due to the balance between cellular demand for protein synthesis, or by ATP
and nucleotide synthesis. Jacobson et al [116] observed that simultaneous N and P addition
affected density, dominance, richness, and diversity patterns in a central Brazilian Cerrado
area, with increased rates of plant decomposition. Increased N levels resulted in a greater N
loss, and a combined increase (N plus P) resulted in litter N immobilization.

Soil NO emissions were also higher when only N levels were increased, indicating that
when increased P availability is not proportional to N increased availability, N losses are
intensified. Nutrient cycling in the Brazilian Cerrado is very conservative [117], and
increasing human disturbance may cause changes in chemical composition of the
organisms’ tissues, and also change nutrient cycling in an ecosystem adapted to low
nutrient availability. Nutrient dynamic changes may lead to an environmental improvement
for some species, increasing their competitiveness in relation to others, which may cause
changes in species composition in response to long-term fertilization [118]. A large effect on
the diversity of the soil microorganism should also be expected, principally on species rich
ecosystems such as in some the Cerrado ecosystems [e.g., 119].

Despite these facts, agroforestry systems are sinks for many green house gases, such as
carbon dioxide and atmospheric nitrogen. By using N-fixing leguminous species,
agroforestry systems absorb nitrogen from the atmosphere, conserving this nutrient in the
soil [119]. A study in USA concluded that agroforestry systems accumulated 530 kg of
nitrogen per hectare. Agroforests are also sinks of carbon because of the wood density on
these systems. On a global scale, agroforestry systems could potentially be established on
585 to 1275 million hectares of suitable land and these systems could store from 12 to 228
tons of CO: per hectare under current climate and soil conditions [120].

5.2. Water

Agroecosystems represent the planet’s largest fresh water consumers, with 250 million
hectares of irrigated agroecosystems accounting for 69% of the water withdrawing, and 84%
of consumptive uses [6]. Forty percent of the world’s food production derives from irrigated
systems [2]. Water requirements from agriculture are high. For example, it takes 500 litters,
900 litters, and 2000 litters of transpired water to produce 1 kilogram of potatoes, wheat,
maize, and rice, respectively [122]. Besides consuming large quantities of fresh-water,
agricultural intensification can deeply affect the quality of water resources. Eutrophication
of water bodies is mostly related to fertilizer use by intensive agricultural practices [123].
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Agricultural development has historically been the main driver of inland water quality loss
worldwide. It has been estimated that by 1985 56-65% of the suitable inland water had been
used by intensive agriculture in Europe and North America, 27% in Asia, 6% in South
America [124]. The nitrate concentration in the biggest rivers in the US increased from three
to ten times since the beginning of the century. High quantities of this nutrient is responsible
for the baby blue disease (Methemoglobinemia) [125].

Additionally, large quantities of money are spent on irrigation projects. In the 1970s, US
investments had reached their peak of 1 billion dollars per year. In Brazil, there is great
controversy involved in the project by the present government to transpose the Sao Francisco
River. The ongoing project consists in deviating part of the river course into 600 kilometres of
channels, and is costing 3.7 billion dollars to the Brazilian society. The main objective of the
transposition is to increase water supply for shrimp farms, and agroindustry in the northeast
region, so that only 4% of the water would be directed to the population. The ecological impacts
of such enterprise will be enormous. The Rio Sao Francisco harbours 137 species, many of
which are endemic or threatened with extinction [126]. The withdrawing of the river water will
lower water levels, possibly causing profound impacts on fish assemblages.

One way of reducing the need for intensive irrigation systems is conserving the water in the
agricultural systems, which is basically related to the presence of organic matter.
Agricultural management that increases organic matter in the soil, such as no-till and
specially agroforestry systems, increase water conservation in the soil. Many agroforestry
management use trees (e.g. banana trees) that enhance soil moisture.

5.3. Ecosystems services

Several groups at the base of the food chain, from microorganisms to soil micro- and meso-
fauna, present ecological roles that affect nutrient fixation, cycling, and mobilization in the soil.
Arthropods are by far the most studied group regarding their ecological roles in
agroecosystems. They have been shown to have crucial roles in pollination [127], and predation
of or competition with pest species [128]. De Marco and Coelho [129] noted that the raw
production of coffee systems near forest fragments increased 14%, due to an increase in
pollination activity in the agroecosystem. Figure 4 shows the diversity of flower visiting insects
in coffee plants in home-gardens of the Pontal of the Paranapanema, southwest of Brazil.
Ecosystem services provided by arthropods are also negatively affected by the use of biocides
[130]. The loss of base species, as well as the structural simplification inside farms, leads in turn
to a decrease in richness and abundance of several vertebrate groups [131]. These processes that
follow agricultural intensification cause agroecosystems to lose basic regulation processes,
including soil fertility and pest control. The latter is the most well-known consequence of
biodiversity reduction [131], with a great number of studies demonstrating the effects of native
arthropod predation on pest species abundance and richness [e.g. 61,72,132,133].Vertebrate
species, such as bats and birds, also present important ecological roles related to pollination,
pest predation, and seed dispersal [61,72]. All these groups can be affected by agricultural
intensification, which in turn could affect production in a feed-back fashion.
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Figure 8. High diversity of flower visiting insects, such as bees (Xylocopa sp, (fig 4.A), Epicharis flava (fig
4.B), Exomalopsis fulvofasciata (fig 4.C), moths (Fig 4.D, 4.F), and butterflies (Fig 4.G, 4.E, 4.H) in coffee
plants of home-gardens of Pontal do Paranapanema, southwest of Brazil (Photos: F.F.Goulart.)
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It is possible measure the effect of the functional groups, such as predators and pollinator by
assessing production or variables that are correlated to it (such as biomas, insect damage,
herbivore abundance, etc..) with predator presence or abundance. With this respect,
experiments that exclude pollination or predation action have been useful to estimate the
value of these services.

A table showing selected studies on the influence of functional groups regarding predation
of potential agronomic pests and pollination of cocoa and coffee systems are shown in the
appendix A.

The mechanisms that lead to biodiversity simplification through agricultural intensification
vary. Soil microorganisms and micro-fauna have been shown to decrease in richness and
abundance with intensive soil tillage [135,136] due to the closing of soil cracks and pores,
with the consequent drying of the soil surface [137].

The result of these losses is the dependence on external inputs, which increases the costs
involved in food, fiber and fuel production, as well as a decrease in soil and water quality,
quality of the food produced and of rural life [134]. As an example, Boyles et al. [138] have
estimated that agricultural losses caused by the decline of bat populations in North America
are worth more than 3.7 billion dollars/year. For the entire biosphere, estimates of the value
of natural ecosystem services vary between 16 and 54 trillion dollars/year, with an average
of 33 trillion dollars/year [127]. However, as Martis [139] has pointed out, although it is
possible to evaluate objectively the ecological value of certain species within a complex net
of relationships and connections, we currently do not appreciate the importance of certain
species, until after their disappearance.

The ecological roles of a wide variety of taxa and functional groups are object of
considerable research, but we still do not fully understand the roles and the links between
them [140]. Anyway, since those ecological processes on which productive systems depend
on are largely biological, feed-back loops caused by the modification of natural systems are
bound to occur, affecting agricultural yield and stability. Therefore, there is a growing body
of knowledge that demonstrates the beneficial economic effects of managing biodiversity so
as to maintain ecosystems services functional [134, 141]. For instance, no-till practices
generate more biologically complex soils, so that they could potentially enhance these
groups’ diversity [141]. Also, tropical crop productivity can be enhanced by the promotion
of a more heterogeneous environment inside farms and at the landscape level, so that the
occurrence of native pollinator species, pest species’ natural predators [62], and competitors
is promoted. Generally, diversified cropping systems harbour more arthropod populations,
because these species respond to: 1) habitat heterogeneity; 2) higher predation, which
facilitates species coexistence though density control mechanisms; 3) and higher stability
and resource-partitioning, since production stability and predictability promotes temporal
and spatial partitioning of the environment, permitting coexistence of species [131]. In a
landscape perspective, management options which promotes biodiversity conservation by
enhancing native or planned heterogeneity inside farms or in their surroundings, have been
suggested [131,143].
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Structurally complex landscapes, which involve mosaic formations and corridors,
facilitate native species’ dispersal between farms and natural strips of vegetation [144].
There is a strong relationship between pollination activity and distance from farms to the
closer forests areas (Fig. 9). Therefore, forests are sources of pollinators, and agricultural
landscapes that preserve landscape heterogeneity and the forest protection can increase
agricultural yield.
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Figure 9. Decay curves for native visitation rates in cultivated systems of tropical and temperate region
(A), so that solid line and shading are for tropical region, while dashed lines and lighter dashed lines
concerns temperade region. (A). Source: Ricketts et., 2008. Distance from the nearest forest and the
abundance of beetles (C), abundance of bees (B) and bees richness (D) of different body sizes in coffee
farms of Indonesia. Source: [145]
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6. Prospects for the future of farming and biodiversity

Farming practices are one of the greatest emitters of green house gases, such as carbon
dioxide, methane, and atmospheric nitrogen, contributing greatly to climate change.
Therefore agriculture is in part responsible for future climate changes. Climate change is
affecting and will affect even more people’s lives, biodiversity, and ecosystems. Climate
change is already one of the major drivers of biodiversity loss worldwide [10]. Climate
relates with many population processes, such as disease dynamics. In the highlands of Costa
Rica, the outbreak of the disease caused by the fungus Batrachochytrium dendrobatidis,
associated with global warming caused the extinction of many frog species, such as of the
golden toad (Bufo periglenes) [146].

Predictions of the impact of future climate change on species, ecosystems and agriculture
are alarming, if not catastrophic. Climate change is expected to be the major drivers of
ecological shifts in a near future [147]. Simulations of International Panel of Climate Change
(IPCC) suggest that the mean earth temperature will rise up to 5.8 C°, and the weather will
become significantly drier [148].

This will involve several changes, and one of the most notable will be the shift in the range
of species distributions. Using bioclimatic models, scientists have predicted the future
distribution of several species. A review of 2,954 mammals, birds, and amphibians in the
Western Hemisphere suggested that 10% of the extant fauna will be lost due to climatic
change. Greater changes are predicted for the Tundra, Central America, and the Andes
species, which will undergo over 90% of species turnover, assuming no dispersal [149]. For
instance, one of the world’s most species rich ecosystems, the high altitude rupestrian fields
of Brazil, might have only 15-20% of species left by the year 2080 under the best IPCC
scenario [150]. Because such models do not consider process such as biotic interactions the
real scenario can be worse. In a study conducted at a smaller scale, Marini and colleagues
[151] modelled the present and the future distribution of Amazona pretreii, a threatened
parrot of the Atlantic Forest of Brazil. They conclude that the year-round distribution of this
species will decrease 47% until 2060. A similar analysis was conducted with 120 bat species
on the Brazilian Cerrado (woodland savanna) [152]. The study was aimed to evaluate
possible responses by this group for climate change, considering the IPCC scenario for 2050.
The results indicated that bat species would find, in average, similar climate conditions in
the future 480 km away from current regions. For the majority of the 120 species modeled,
suitable regions will be located to the South (80% of the species) and to the West (56% of the
species). For two bat species there will be no suitable conditions on the Brazilian Cerrado on
the future, and they will be locally extinct. For 96 species the models indicate a significant
contraction on their distribution (41% of actual distribution in average) only due to climate
change (not accounting habitat lost by deforestation). The region were the distribution shift
is expected by bat species in the future is already extremely fragmented. According to the
Ministry of Environment [153], the states of Parana and Sao Paulo, the region where the
models indicated that most of bat species would find better climate conditions in the future,
are two of the worst region in terms of natural vegetation coverage. The Cerrado areas were
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reduced to less than 10% of its original area. Due to its flight ability, perhaps bat species can
cross large deforested area easily, but we can not say the same about the species that they
depend on, such as plant species, insects, and small vertebrates. Species will have to
disperse large distance to reach areas in which climate is the same as today. This suggests
that future landscape connectivity will play a major role in the effectiveness of the species in
reaching new areas. In this context, agroforestry systems will have a key importance in the
maintenance of matrix permeability [154,93].

Climate change will affect not only species and natural ecosystems but also the agriculture.
The Brazilian Center for Agriculture Research - EMBRAPA has already projected
momentous changes for the regions where cultures such as soybean, sugarcane, cotton,
coffee, cassava and corn are currently implemented. According to EMBRAPA and
UNICAMP [155] all cultures cited above, except sugarcane and cassava, will have their areas
decreasing due to climate change and global warming. Projections based on IPCC A2
scenario for 2050 verify that appropriate areas for soybean plantation will be mainly on the
center and Southeastern regions of Brazil. The Southeastern region of Brazil is quite the
projected area that will be sufficient to, for instance, birds and bat species of the Brazilian
Cerrado. Thus, spatial competition for food production and species protection is a serious
issue nowadays and for the future.

Regarding human aspects, the exponential growth of human population, and the
increased per capita consumption reflected in the development of a highly expansive and
intensive agriculture. It has been estimated that the human population will increase by
50% until 2050, with a higher expected proportion of individual meat consumption in the
daily diet (feeding at higher levels of the trophic pyramid) [26]. Sustaining food
production in the same magnitude of human growth is a challenge for all areas of human
knowledge.

Already 1.2 billion people live in areas in which water is physically scarce, and this number
should double by 2030 [6]. Projections of the proportion of total global food supply obtained
from rain fed areas (non-irrigated) should decline from 65% currently to 48% in 2030 [156].
The total irrigated area is expected to grow from 254 million ha in 1995 to between to 280
and 350 million ha in 2025. Fertilizer use is expected to increase 188 million tons by 2030
[157], and the world’s meat consumption is expected to grow by 70% in the 2000-2030
period, and 120% in the 2000-2050 period [6]. Concerning food production, future
predictions are also alarming. Global cereal production is predicted to decline by more than
5%, but this value may reach more than 10%. The risk of hunger may rise up to almost 60%
in the developing world [158]. In some countries, such as India, production of crops may
decrease by 70% [159]. When food security, availability, stability, utilization, and access are
considered, between 5 to 170 million additional people will be at risk of hunger by 2080
[160]. However, childhood malnutrition is projected to decline from 149 million children in
2000 to 130 million children by 2025, and 99 million children by 2050 [6]. In the Amazon,
soybean yields will suffer a reduction of 44% by 2050 [161]. It is estimated that the average
rate of atmospheric N deposition in 34 world biodiversity hotspots by 2050 will be twice the
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rate in all terrestrial ecosystems during the mid-nineties [162]. This will greatly affect plant
assemblages through altered competition patterns.

According to the International Assessment of Agricultural Knowledge, Science and
Technology for Development [6], an international report involving 800 well known
scientists, the best way to nurse today’s and future hunger problem is by fostering small
scale agriculture based on agroecological principles. The problem of climate change is due to
high quantities of green house gases that affect the earth surface temperature, and
agroforestry systems are sinks of some of these gases, such as nitrogen and carbon [119].
Therefore, a possible alleviation for climate change is to ‘re-green’ [163] the planet, using
agroforestry systems over large areas. Agroforestry systems thus represent a keynote in this
re-greening strategy. Because it enables the association between agriculture production and
biodiversity and ecosystem conservation.

7. Conclusion

Overall, this chapter presents an overview on the agricultural systems and the effect of
different types of management on biodiversity and ecosystems. We analyse data for shade-
cocoa, shade-coffee and agroforestry home gardens in Brazilian atlantic forest region. In
most situations, win-win relationship between conservation and production is possible, as
farms with intermediate levels of yield are associated with high biodiversity. Also, the idea
that there is a need to intensify agricultural systems to increase food production to feed the
hungry does not apply to many tropical agriculture landscapes. Instead, changing food
habits and promoting a more even food distribution using small scale eco-agriculture will
guarantee a more resilient, social, and biodiversity friendly practices.

The future of farming and biodiversity depends on the type of agricultural management that
will be applied in landscapes. If the agricultural intensification continues to expand, it is
very likely that yields will increase, but with high variance and low resilience to
environmental uncertainties, which are predicted to increase due to climatic changes and
loss of ecosystem services. On the other hand, stakeholders may opt for more biodiversity
friendly agricultural practices, which sometimes (but not always) are less productive than
intensive systems, but have more productive stability and are more resilient. Additionally,
these non-intensive systems can mitigate climate change by being sinks of green house
gases.

Food security in the tropics depends on the recognition of the importance of the poor small
holder agricultural systems, because they are the majority of the hungry people in the
world. The ‘business as usual’ strategy should increase economic inequality, increasing
poverty and starvation, as well as causing deep ecological impacts. On the other hand,
small-holder mixed-farming systems increase food security during times of ecological and
economical instability. As we see it, heterogeneous agroforestry is the best option for
biological conservation and social justice. It is expected that in the near future, millions of
hectares of land will be occupied by agroforestry systems.
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Abstract

’

The maximization of the conservation potential of medium to small forest
fragments is keynote for the maintenance of Atlantic Forest species, since populations
that inhabit patches of this size are susceptible to local extinction. One of the options to
achieve that goal includes the restoration of the landscape matrix by implanting
agroforestry systems. We therefore built a model to identify areas in which matrix
restoration would have greater effect on the functional connectivity of forest birds. We
modeled functional connectivity using the Integral Index of Connectivity of four
endemic bird species (Chiroxiphia caudata, Sclerurus scansor, Xiphorhynchus fuscus
and Pyriglena leucoptera) in three types of matrices found in landscapes of the Atlantic
Forest. We fitted Generalized Additive Mixed Models to analyze the influence of
isolation on matrix conversion effectiveness. According to our results, restoration
effectiveness was negatively associated to isolation, which means that greater
effectiveness was found on landscapes in which patches had larger areas and were

closer to each other.

Key words: agroforestry systems, bird conservation, dispersion, functional

connectivity, spatial explicit models, landscape metrics



Introduction

General introduction

Habitat destruction and fragmentation is considered the major cause of species
loss at global levels (Primack and Rodrigues 2001). The adverse effects of
fragmentation on biodiversity are particularly clear in the Atlantic Forest domain, where
despite the high degree of fragmentation, biodiversity is still high. Due to this condition,
this domain has been considered worlds’ priority site for conservation (hotspot) (Myers
et al 2000). Recent estimates show, for example, that less than 12% of the wood cover
remains untouched in the Atlantic Forest, and that 80% of its fragments are smaller than
50ha (Ribeiro et al 2009). It must be pointed out that forest birds inhabiting of this size
magnitude are highly susceptible to local extinction (Stratford and Stouffer 1999; Ferraz
et al 2007). Therefore, for the conservation of bird species in the Atlantic Forest, it is
essential that the conservation potential of medium and small forest patches be

maximized.

According to the Metapopulation Theory (Levins 1969), if populations inhabit a
discrete space (habitat patches), local extinction can be balanced by recolonization from
nearby patches. Therefore, the long term existence of populations in this patchy
landscape depends on the balance between local extinction and (re)colonization.
Although local extinction is basically related to the patch area (McArthur and Wilson
1967), and increases in the size of the forest fragments could be seen as a solution, they
are generally unfeasible, since they cost money and take long periods of time to be
completed (Lamb et al 2005). This is particularly true in the Atlantic Forest, where
human population density is elevated and forest restoration efforts would represent the

removal of the human communities.



Recolonization, on the other hand, depends on the inter-patch distance, presence
and effectiveness of corridors, and matrix permeability. These features compose the
landscape connectivity, which is a vital element for biodiversity maintenance in patchy
landscapes (Taylor et al 1993). Connectivity can be defined in structural or functional
terms, so that structural connectivity is characterized by the physical structure of
landscape (patch isolation, presence of corridors and matrix permeability), and
functional connectivity is the interaction among these spatial patterns and species
biological characteristics (Uezu et al 2005). While the effectiveness of corridors seems
to remain a matter of discussion (Noss 1987; Simberloff et al 1992; Beier and Noss
1998), and inter-patch distance can be basically given by the fragmentation history.
Landscape matrix, on its turn, is believed to play a major role on the long-term
persistence of biodiversity in patchy landscapes (Ricketts 2001; Vandermeer and
Carvajal 2001; Fischer and Lindenmayer 2002; Antongiovanni and Metzger 2005;

Perfecto and Vandermeer 2008; Brady et al 2009).

Despite the fact that matrix restoration is now widely accepted among
conservationists, to the best of our knowledge no study has ever addressed the effect of
isolation on the effectiveness of matrix restoration for forest birds, especially in the
Atlantic Forest fragmented landscape. We therefore developed a theoretic model to
show the influence of inter-patch distance, matrix permeability and bird dispersal
ability. We then applied the model to real landscapes in the Atlantic Forest, which is

considered hotspots for bird species.

Theoretic model



We developed a diagrammatic model that theoretically relates inter-patch
distance, matrix permeability and species dispersal ability, to patch colonization
probability. Colonization probability of a given habitat patch is negatively affected by
patch isolation and generally, this relationship is a negative logistic function (Koenig et
al 1996; Heinz et al 2007; Boscolo 2008). Patch colonization probability as function of
isolation are shown in figure 1.A. for the four categories of dispersal abilities, assuming

fixed matrix permeability.

##FIGURE 1 APPROXIMATELY HERE##

For 'very poor dispersers', crossing the matrix is never possible, so even if inter-
patch distance is short, the probability of connection is zero. 'Poor dispersers' and good
dispersers', on their turn, are species with moderate dispersal abilities, where distance
thresholds are smaller for the former and larger for the second. 'Very good dispersers'
are species that, under the inter-patch scale considered here, have infinite dispersal
abilities. Therefore it is assumed that individuals of this group can reach any habitat

patch in the landscape, even in situations in which matrix permeability is low.

Given a fixed isolation, patch colonization, or P(c), can be written as a function
of matrix permeability, but given different degrees of isolation, the relationship between
P(c) and matrix permeability should vary. Considering isolation to be fixed at, low,
medium and high values, the relationship between P(c) and Matrix permeability should
look like figures 1.B, 1.C, and 1.D, respectively. In figure 1.B the degree of isolation is
too small, and even at low permeability values, the propagules have high probability of
crossing the matrix. Figure 1.C shows that, given a fixed intermediate degree of
isolation, Matrix permeability should have profound effect on P(c). The influence of

Matrix permeability on P(c) is smaller for 'good dispersers', if compared to ‘poor



dispersers'. Figure 1.D represents a situation in which patch isolation is high, and even
at high degrees of matrix permeability, propagules have low effect on P(c) because the

dispersal is unlikely to be successful.

Those relationships, however, are not valid for 'very poor dispersers' and 'very
good dispersers', since neither isolation degree nor matrix permeability affect P(c), as
propagules always, or never, cross the matrix. Therefore, their biological characteristics

have greater effect on patch colonization than landscape connectivity.

Given the relationship between distances and matrix permeability, we defined
AP(c) as the increase of patch connection probability caused by changes in the matrix

permeability for a fixed isolation:

AP(C)AB: P(C)A -P(C)B

From the conservation point of view, AP(c) is the effectiveness of matrix
restoration for the connectivity of the species in this landscape. Graphically speaking,
the relationship between AP(c) and isolation should look like Figure 2. In this graphic,
AP(c) are maximum at intermediate values of isolation. Besides, for 'poor dispersers'
AP(c) peak is at smaller Isolation values than for 'good dispersers'. Additionally, AP(c)

of 'very poor dispersers' and 'very good dispersers' is zero.

##FIGURE 2 APPROXIMATELY HERE##

Using this theoretical framework, we hypothesize that for species with
intermediate dispersal abilities (‘good dispersers’ and ‘poor dispersers’), matrix
restoration has stronger influence on patch colonization at intermediate levels of
isolation. Matrix restoration of landscapes with lower or higher level of isolation,

however, should be less effective in terms of P(c) enhancement.



Objective

We built a spatially explicit multispecies model in order to analyze how
landscape isolation affects the degree to which matrix restoration contributes to patch

colonization. More specifically, we aim at answering the following questions:

(1) Does landscape isolation affect the effectiveness of matrix restoration to

functional connectivity?

(2) At which degree of isolation, effectiveness of matrix restoration for functional

connectivity is highest?

(3) What isolation metric best explains the restoration effectiveness?

Methods
Target Species

We selected the following four species of passerines endemic to the Atlantic
Forest to apply to our model: Chiroxiphia caudata, Xiphorhynchus fuscus, Pyriglena
leucoptera and Sclerurus scansor (Table 1). Except for C. caudata, which is a mid-story
omnivore, all species are understory insectivores.
##TABLE 1 APPROXIMATELY HERE##

Understory insectivores are particularly affected by fragmentation (Stouffer and
Bierregaard 1995) due to their low ability to cross gaps, which make sub-populations
prone to local extinction without further recolonization (Sekercioglu et al 2002). In that

sense, actions that conserve understory insectivores could foster the conservation of less



sensitive guilds (Castellon and Sieving 2006). In the ecological jargon, understory
insectivores can be considered 'umbrella species’ (Primack and Rodrigues 2001).
Additionally, these are also the most known bird species of the Atlantic Forest, and
since basic biological information about other forest birds is unavailable, it would be

impossible to apply the model to other species.

Dispersion ability

We reviewed the data on the dispersion abilities of the selected species, and
classified them according to the matrix type. Using the available data, we classified
matrix permeability into three categories: 'Matrix zero' refers to monocultures of
herbaceous management, such as pasture and annual plantations (beans, soybeans,
wheat, etc); 'matrix one' are matrices with intermediate permeability to forest bird
movement, such as coffee monocultures and savanna; and 'matrix two' are rustic
agroforestry systems (definition after: Moguel and Toledo 1999), which involves multi-
strata cultivations with dense canopy cover or dense arboreal monoculture plantation

(such as coffee). Dispersal thresholds in the different matrices are shown on table 2.

##TABLE 2 APPROXIMATELY HERE###

We assumed that matrix resistance of the polyculture agroforestry to forest bird
movement is the same of grassland formations and also arboreal monocultures (e.g.
dense coffee monoculture). Therefore, we considered that these habitats have
intermediate structure between pasture and forests in terms of wood cover, horizontal

and vertical heterogeneity, and predation risk, which are the factors that most affect



movement of forest birds in the matrix (Desrochers and Hannon 1997; Boscolo et al

2008; Robertson and Radford 2009).

We also assumed that highly shaded rustic agroforestry has the same
permeability to birds as native forest habitats. In the Atlantic Forest, traditional rustic
shade-cocoa systems (locally called cabruca) in the South of Bahia State are inhabited
by a large number of forest birds, many of them endemic or threatened (Faria et al
2006). This suggests that the resistance of these systems to forest bird movement should

be roughly the same as the native forest habitat.

The records on movements were sampled in different regions using different
techniques. We are aware that these input data are not very precise and that real
dispersion patterns may differ from these data, but unfortunately, constraints in
measuring vertebrate dispersion (Koenig et al 1996; Holyoak et al 2008) make it

impossible to obtain precise data on dispersal ability of the studied species.

Another assumption of the model is the homogeneity of the matrix, since it
assumes that the whole landscape matrix is composed by one type of agricultural
management. Although this is clearly unrealistic (because of the heterogeneity between
natural and human managements), this assumption will not significantly alter our results
regarding the influence of isolation on the effectiveness of matrix restoration for

connectivity.

Landscape selection

We selected regions in which Sclerurus scansor were previously recorded. The

reason for this is because the other three species occur in the Atlantic Forest domain
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with relative high density and detectability (Boscolo and Metzger 2009), while S.
scansor is a more rare species. We therefore assumed that, if S. scansor occurred in the
region, the other species would also be present. We restricted our analyses to the
Atlantic Forest domain in Minas Gerais State, and gathered as much record of this
species as we could using the specialized literature (Neto and Venturin 1998; Mesquit
2004; Ribon et al 2004; Durées and Marini 2005; Brandt 2008; Vasconcelos and Neto
2009; Ferreira et al 2009; Marini 2010), bird watching websites (www.wikiaves.com),
museums (Zoological collection of University of Brasilia) and unpublished records
from experienced ornithologists (M. A. Marini, and R.B. Machado). The analyses was
restricted to the State in order to avoid that the model was conducted in a wide
geographical area, as it is known that the selected species have different responses to

fragmentation along their geographical range (Uezu et al 2005).

The wood-cover map of 2008 was acquired in the S.0.S Mata Atlantic website
(sosmatatlantica.org.br). Vector map was converted into raster with a resolution of
30x30 meters. Using ArcGis (ESRI, New York) 9.3 version, a grid of 20 x 20 km was
created. Wherever S. scansor occurred, the grid was selected, as well as all of its eight
neighbor grids. This was done under the assumption that, if the species occurred in the
region, then there was potential for it to occur in all nine grids. Ninety grids were
preliminarily selected (Fig 3). From those, grids that overlapped with huge urban areas

were excluded.
##FIGURE 3 APPROXIMATELY HERE##

Landscape metrics and indexes
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We used Patch Analyst, a ArcGis extension, to measure the Mean nearest
neighbor (Mnn) distance and Mean proximity index (Mpi) of forest patches in the
selected grids. The Mean nearest neighbor distance is the mean linear distance among
nearest habitat patches, and it measures isolation in terms of inter-patch distance. Mean
Proximity Index (Mpi) uses the nearest neighbor statistics, but it also accounts for area.
In that sense, the smaller the patches’ areas are, the more isolated the landscape is
considered. This index also decreases as the isolation increases; therefore, small values
of Mpi indicate isolated landscapes. For further information on these metrics see Elkie

et al (1999).

We used Conefor Sensinode software (Saura and Torné 2009) to model the
functional connectivity of the species, given their dispersal abilities in different matrices
and landscape configurations. Conefor Sensinode is a software that analyses functional
connectivity based on the Graph Theory (Urban and Keitt 2001), and it has been
extensively used by recent landscape ecology studies (e.g. Awade et al 2012; Carranza
et al 2012; Decout et al 2012). Although our conceptual model regards the colonization
probabilities, which would suggest using the Connection Probability Index (Pc) (Saura
and Pascual-Hortal 2007), due to low precision of the data available we used a simpler
binary index: the Integral Indices of Connectivity (11C). IIC is the most recommended
binary connectivity index (Pascual-Hortal and Saura 2006) produced by Conefor
Sensinode, and considers both the inter-patch distance and the patch sizes (assuming the
patch itself is a space, in which connectivity exists). It varies from zero to one, where
zero would be no habitat, and one a situation in which all the landscape area is covered

by habitat.
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For each grid we simulated three dispersion thresholds (propagules’ maximum
dispersal distance in a given matrix) that are related to the matrix permeability
scenarios, for each of the four species. Than we subtracted the 11C produced after
treatments (matrix permeability scenarios), so that for each grid and for each species,

three data were used as the explanatory variable:

AIICy : Increase in 11C by converting matrix management from 0 to 1

AIIC;2: Increase in 11C by converting matrix management from 1 to 2

AIICy.2: Increase in 11C by converting matrix management from 0 to 2

We compared the efficiency of restoration in terms of functional connectivity
increase, defined by AIIC, for understory birds under matrix restoration scenarios in
landscapes with different degrees of isolation in the Atlantic Forest. Therefore, we
hypothesized that AIIC is affected by isolation and reaches its peak at intermediate
levels of isolation. We additionally compared models using Mean nearest neighbor and

Mean proximity index,

Statistical analyses

We fitted Generalized Additive Mixed Models (GAMM) to the data on AIIC for
each species individually, using isolation and Mnn or isolation Mpi as the explanatory
variable, and considering random effects of grids. Using splines smoother, GAMM is
recommended for fitting complex non-linear models with nested or correlation data
(Zuur et al 2009). In a GAMM, the modeler does not have the equation for the function,

and hence the analysis only fits a model smoothed to the data. We ran GAMM using
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mgcv and nlme packages in R (R Development Core Team, 2009). Fitted values versus
standardized residuals were visually inspected. To compare the explanation power of
Mean nearest neighbor and Mean proximity index, AICs (Akaike Information Criterion)
of the fitted GAMM were compared among isolation metrics. The AIC is a type of
model selection that measures information loss of the fitted model, and has been
recommended for modeling selection and hypothesis competition in ecology (Johnson
and Omland 2004). The lower the AIC values, the less information has been lost by the

fitted model, and the better it explains the data.

Results

The Mean nearest neighbor was 451.49 m (sd=417,90; max= 3372,43; min=
150.62) and Mean proximity index was 274.50 (sd=841.64; max= 6719.56; min=0.11)
for the 71 analyzed grids. Figure 4 shows the total mean AIIC found for all species on

each grid.

##FIGURE 4 APPROXIMATELLY HERE##

Fitted models are shown on figure 5 for Mnn and figure 6 for Mpi. Out of the 24
fitted models, only three were not significant in smooth terms, and all of these used

Mnn as the explanatory variable (Figure 5.B, 5.C and 5.H).

## FIGURE 5 APPROXIMATELY HERE##

## FIGURE 6 APPROXIMATELY HERE##
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Most fitted residuals’ graphics showed an increase of spread with larger fitted
values. Despite this fact, the variance of standardized residuals around zero seemed

homogeneous in most cases.

As a general pattern, AIIC is negatively influenced by isolation; therefore, at
lower levels of isolation (high Mpi and low Mnn), matrix restoration is more effective
in increasing functional connectivity. This pattern was corroborated by all fitted models
except for the following: P. leucoptera, conversion from 'zero to one’, S. scansor,
conversion from 'zero to one’, and C. caudata, conversion ‘one to two' using Mnn as the
explanatory variable, in which smoother terms were not significant. Regarding models
that used Mpi as the explanatory variable, two (out of 12) scenarios did not follow a
negative AIIC-isolation relationship: C. caudata, conversion from 'one to two' and from
'zero to two'. The AAIC for the same species on the same conversion scenarios are

shown on table 3.

## TABLE 3 APPROXIMATELY HERE##

Discussion

The theoretical model refers to AP(c), which is the increase of the probability of
connection of a given patch. On the other hand, in the spatially explicit model we used
AIIC, which is the contribution of matrix restoration functional connectivity at
landscape level. Despite the fact that the former is a probabilistic index that measures
connectivity at patch level, and the second is a binary index concerning landscape level,

the AIIC pattern can be used to test AP(c) patterns of several patches at landscape level,
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so that it is expectable that the AIIC followed the same patterns as the sum of AP(c) of

the individual patches.

The AIIC varied greatly among grids, which means that matrix restoration
should have different effectiveness in different areas. Restoration effectiveness was
related to isolation metrics in most models, especially the ones in which Mpi was used
as the explanatory variable. This corroborates our first hypothesis that AIIC is a function
of isolation, and thus can assist managers and stakeholders define priority regions for
matrix restoration. The best predictor of AIIC was Mpi, since all paired values of AIC
for the same conversion scenario and same species were higher for Mpi than for Mnn
(all AAICs where negative). It must be pointed out that Mnn is a measure of inter-patch
distance, while Mpi accounts for patch area and inter-patch distance. Because I1C also
accounts for patch area, there should be some degree of collinearity between Mpi and
AIIC, although that is greatly reduced by AIIC values (since two 11C values are
subtracted). Nevertheless, this collinearity may have increased the explanation power of
Mpi models compared to Mnn. We do not believe that this influence biased our results
from the ecological and conservation point of view, however, further mathematical

investigation is recommended.

Our second hypothesis, which stated that intermediate isolation levels would
account for the highest AIIC values, was not corroborated by most models, except for
one scenario (out of 24), represented by P. leucoptera, conversion from zero to one,
where medium values of Mpi accounted for highest deltas (Fig 6.B). In general, AIIC
decreased with the level of landscape isolation, except for this last described scenario
(Fig 6.B), and for C. caudata 'one to two' (Fig 6.H), and 'zero to two' scenarios (Fig

6.L).
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Therefore, the overall data suggests that matrix restoration should be more
effective in terms of functional connectivity, in situations where the habitat patches are
not very isolated from each other. This may be due to the fact that the selected grids are
above the isolation range, in which one would expect that intermediate isolation would
cause maximum restoration effectiveness, because grids are isolated and the gap
crossing under low quality matrix scenarios is not possible even in the lesser isolated
grids. Graphically speaking, however, figure 1.B does not occur in the Atlantic Forest of
Minas Gerais due to the landscape configuration. Another explanation for the negative
effect of isolation on AIIC is found when we look at figure 2, and increasing the species
pool including species with low dispersal abilities, AIIC peak should be reached at
lower levels of isolation. Therefore, if we consider a poorer disperser than 'poor
dispersers' (but that are still better disperser than 'very poor disperser’), the relationship
between AIIC and isolation should follow a negative exponential decay function. This
pattern was found in most models, suggesting that, given the dispersal abilities and
landscape configuration, AIIC is maximum at low levels of isolation. Nevertheless,
establishing a basic principle for predicting effectiveness of matrix restoration based on
the isolation degree is difficult, and therefore, a specific analysis for each species,

conversion scenarios and e isolation is recommended.

Surprisingly, Mpi responses to conversion from ‘one to two' (Fig 6.H), and from
'zero to two' (Fig 6.L) in C. caudata scenarios showed an inverse pattern to what was
expected according to our second hypothesis. In the aforementioned scenarios, higher
levels of AIIC were found at the lower and upper ends of Mpi continuum, while the
lowest peaks were found at intermediate levels of Mpi. This was particularly true for the

conversion 'one to two' scenario (Fig.H), in which a 95% confidence interval was closer
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to the fitted model. We don’t have an explanation for such patterns and further

investigation, especially on the mathematical aspects, is encouraged.

An important aspect of our model is the low precision of the input data, since it
was very heterogeneous and sampled by different techniques, which even measured
different ecological aspects. For instance, we used dispersion, home range and territory
movement to estimate dispersal thresholds. Nevertheless, we considered that waiting
until field biologists gather precise and accurate data on species dispersal range might
take too long, and that have a current need to know how to handle and make
predictions using the data so far made available (Green et al 2005; Butler et al 2007).
Furthermore, according to Koening et al (1996) animal movement studies are always

biased, and we did not expect our work to be any different.

Although we do not know the real dispersion abilities of the species here
studied, by looking at Table 1 it is possible to roughly identify a pattern among species.
Note, for instance, that increasing matrix quality will always lead to an increase in
dispersion distance, and that this pattern is more or less repeated among species. This
suggests that the input of dispersal ability of the species in different matrices can be
considered 'internally validated' (definition after Rykiel 1996), as independent data

followed similar patterns, therefore supporting the consistency of our results.

Finally, other aspects of matrix restoration unrelated to the enhancement of
functional connectivity should be considered in the process of defining priority areas for
matrix restoration. For example, matrix quality can also affect extinction rates through
resource supplementation, which is characterized by the use of adjacent matrix by forest
species for foraging (Tubelis et al 2007; Goulart et al 2011). Therefore, even if matrix

restoration does not foster the conservation of functional connectivity, it can benefit
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biodiversity in other ways, and this should also be considered in landscape

management.

Conclusion

Our results show that the effectiveness of matrix restoration varies greatly
among regions. In grids where this value was zero, for example, matrix restoration had
no effect on AIIC, and hence did not contribute to the conservation of connectivity,
given the species dispersal ability and the landscape configuration. In other grids,
however, matrix restoration significantly increased 11C, and therefore greatly

contributed to an increase in the functional connectivity.

The AIIC is influenced by isolation metric, which corroborates our first
hypothesis. This result can help stakeholders and managers prioritize regions in which
matrix restoration is more efficient. Mpi was a stronger AIIC predictor than Mnn, which
makes Mpi more effective in terms of defining areas where matrix restoration is a
priority. The second hypothesis produced after the conceptual model was not
corroborated by the actual model, except for one case (conversion scenario from zero to
one of P. leucoptera, using Mpi as the explanatory variable). In most scenarios AIIC
was greater at lower levels of isolation. Therefore, restoring matrix in landscapes where
habitat patches are larger and closer to each other is the best option to conserve
functional connectivity for forest birds of the Atlantic Forest. Nevertheless, we found it
hard to establish an overall pattern of AIIC responses to isolation, suggesting that each

case should be considered individually.
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Another important aspect of the conceptual model that can have practical
applications (even though it was not tested here) is the fact that, theoretically, for ‘very
poor dispersers’ and 'very good dispersers', AIIC should not be affected by isolation.
Therefore, if dispersal thresholds are much higher or much lower than the patch’s
degree of isolation, matrix management should have little or no effect on functional

connectivity.

Finally, stakeholders and managers can use the results presented here to make
landscape management more efficient in terms of functional connectivity conservation.
This is particularly important in Atlantic Forest landscapes, in which the high level of
fragmentation suggests that conservation potential of the forest fragments should be
urgently maximized. Since increasing the forest patch areas may be unfeasible,
managements that aim to increase the landscape connectivity and copes with human

production demands, such as agroforestry systems, are recommended.
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Species Family Main diet Sensitivity to  Territory (T) or home-
(Sick 1997)  disturbances  range (HR) size
(Stotz et al
1996)
Sclerurus Furnariidae Insectivore High HR: 1-12 ha
scansor (Hansbauer et al
2008b)
Xiphorhynchus  Dendrocolaptidae  Insectivore high T: 6 ha (Develey 1997)
fuscus
Pyriglena Formicariidae Insectivore Medium T: 2ha (Duca et al
leucoptera 2006),
HR: 5ha (Hansbauer
et al 2008).
Chiroxiphia Pipridae Frugivorous  Low HR: 1.6 to 15.6 ha (can
caudata reach 460ha)

(Hansbauer et al 2008)
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Table 2: Species dispersal thresholds (meters) in three different matrixes, references

and the methodology used by the studies.

Species Matrix zero Matrix one Matrix two

S. scansor 0 (Hansbauer etal 150 (Marini 1200 (Marini 2010)*
2010)* 2010)*

C.caudata 130 (Uezu et al 650 (Marini, 2100 (Marini 2010)*
2005)? 2010)*

X. fuscus 145 (Boscolo etal 435 (mean 700 (Marini 2010) *
2008)° between matrix

O0and 1)

P. leucoptera 45 (mean value of 125 (pers obs)> 400 (Marini 2010) *
two studies:
Awade®, 2009;

Uezu? et al 2006)

! radio tracking; “ spontaneous movement; ° play-back experiments; * capture-recapture,

> translocation of radiotracked individuals (homing experiment)



Table 3: AIC of the models using Mnn and Mpi, and A AIC for the different species

and different conversion scenarios. Numbers in bold represent the lowest AIC.

Species Convers_ion AICMnn AICMpi AAIC
scenario

C. caudata zero to one -376.71 -442.70 65.99

one to two -413.14 -505.05 91.91

zero to two -332.23 -427.14 9491

S. scansor zero to one -365.76 -749.55 383.79

one to two -380.38 -428.27 47.89

zero to two -295.89 -428.46 383.79

P. leucoptera zero to one -471.55 -788.42 316.87

one to two -366.11 -483.82 117.71

zero to two -317.62 -480.19 162.57

X. fuscus zero to one -417.76 -477.46 59.70

one to two -560.14 -592.86 32.72

zero to two -382.58 -438.21 55.63
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Figure captions

Figure 1: Diagrammatic theoretical relationships among connection probabilities P(c),
patch isolation and matrix permeability for four groups of disperser. In 1.A, matrix
permeability is fixed and in 1.B, 1.C and 1.D the isolation is fixed at low, intermediate

and high levels, respectively.

Figure 2: Effects of matrix conversion expressed as the change of probability of
connection - AP(c) or different dispersers and the effects of the degree of patch

isolation.

Figure 3: Location of Minas Gerais State (black) in South America, and the preliminary

grid selection. Atlantic Forest fragments of Minas Gerais State are represented in light

grey.

Figure 4: Mean total AIIC (effectiveness of matrix restoration to connectivity) for each
grid, considering all conversion scenarios and all species. Atlantic Forest fragments are

represented in light grey.

Figure 5: Fitted GAMM for the AIIC (effectiveness of matrix restoration to
connectivity) of the four bird species in the three matrix conversion scenarios using
Mnn (Mean nearest neighbor) as the explanatory variable. 'Matrix zero' refers to pasture
or herbaceous annual cultures, 'Matrix one' is characterized by polyculture or a
monoculture with significant vertical heterogeneity (e.g. coffee) and 'Matrix two' is
rustic agroforestry similar to forest habitat. Y-axis shows AIIC fitted values (variation

around mean AIIC). All smoother terms were significant except for scenarios with 'n.s'.
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Figure 6: Fitted GAMM for the AIIC (effectiveness of matrix restoration to
connectivity) of the four bird species in the three matrix conversion scenarios using Mpi
(Mean proximity index) as the explanatory variable. 'Matrix zero' refers to pasture or
herbaceous annual cultures, 'Matrix one' is characterized by polyculture or a
monoculture with significant vertical heterogeneity (e.g. coffee) and 'Matrix two' is
rustic agroforestry similar to forest habitat. Y-axis shows AIIC fitted values where zero

is the mean. All smoothers terms were significant.
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Table 1: Species characteristics.

Species Family Main diet Sensitivity to  Territory (T) or home-
(Sick 1997)  disturbances  range (HR) size
(Stotz et al
1996)
Sclerurus Furnariidae Insectivore High HR: 1-12 ha
scansor (Hansbauer et al
2008b)
Xiphorhynchus  Dendrocolaptidae  Insectivore  high T: 6 ha (Develey 1997)
fuscus
Pyriglena Formicariidae Insectivore Medium T: 2ha (Duca et al
leucoptera 2006),
HR: 5ha (Hansbauer
et al 2008).
Chiroxiphia Pipridae Frugivorous  Low HR: 1.6 to 15.6 ha (can
caudata reach 460ha)

(Hansbauer et al 2008)
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Table 2: Species dispersal thresholds (meters) in three different matrixes, references

and the methodology used by the studies.

Species Matrix zero Matrix one Matrix two

S. scansor 0 (Hansbauer etal 150 (Marini 1200 (Marini 2010)*
2010)* 2010)*

C.caudata 130 (Uezu et al 650 (Marini, 2100 (Marini 2010)*
2005)? 2010)*

X. fuscus 145 (Boscolo etal 435 (mean 700 (Marini 2010) *
2008)° between matrix

O0and 1)

P. leucoptera 45 (mean value of 125 (pers obs)> 400 (Marini 2010) *
two studies:
Awade® 2009;

Uezu® et al 2006)

! radio tracking; “ spontaneous movement; ° play-back experiments; * capture-recapture,

> translocation of radiotracked individuals (homing experiment)



Table 3: AIC of the models using Mnn and Mpi, and A AIC for the different species

and different conversion scenarios. Numbers in bold represent the lowest AIC.

Species Conversion AICMnn AICMpi AAIC
scenario

C. caudata zero to one -376.71 -442.70 65.99

one to two -413.14 -505.05 91.91

zero to two -332.23 -427.14 94.91

S. scansor zero to one -365.76 -749.55 383.79

one to two -380.38 -428.27 47.89

zero to two -295.89 -428.46 383.79

P. leucoptera zero to one -471.55 -788.42 316.87

one to two -366.11 -483.82 117.71

zero to two -317.62 -480.19 162.57

X. fuscus zero to one -417.76 -477.46 59.70

one to two -560.14 -592.86 32.72

Zero to two -382.58 -438.21 55.63
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I hereby submit the manuscript named "How may agricultural matrix intensification
affect understory birds in an Atlantic Forest landscape? A qualitative model on
stochasticity and immigration” for the appreciation of the editorial board of
Ecological Informatics. The manuscript is an original work using qualitative
reasoning to predict how understory birds, endemic of the Atlantic Forest, will
respond to the intensification of the agricultural matrix in which the patches they
inhabit are embedded.

The work explores certain aspects not previously mentioned in the literature concerning
qualitative reasoning, such as random extinction, agroforestry, agricultural
intensification, rescue effect, matrix quality, bird ecology and conservation, and
landscape ecology. It also explores the predictive capability of qualitative models which
can support learning by graduate and undergraduate students.

The model explicitly spatializes some of the ecological patterns in terms of landscape
structure and configuration (habitat patch size and inter-patch distance), which makes it
applicable to real landscapes. It also uses random endogens variables associated to
population dynamics making it particularly interesting from the theoretical ecology
point of view, because it assumes that population numbers fluctuate chaotically, which
is the case in many (if not most) real populations. This also makes the model very
applicable to real populations, and enables stakeholders and conservationists to make
decisions grounded on causality without the need of precise numerical data. Finally, it
concerns tropical ecosystems, which harbors more species, and have less quantity and
quality of datum data available when compared to temperate biomes.

I thank you very much in advance and will be looking forward to hearing from you.

With kind regards,

Fernando Goulart
Corresponding author

Laboratory for Biodiversity Conservation Planning
Department of Zoology,

University of Brasilia, Brazil,

70.910-900, Tel:,

email: goulart.ff@gmail.com
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*Detailed Response to Reviewers

Brasilia, Distrito Federal, Brazil, 1 May, 2012

Dear members of the Editorial Board of Ecological Informatics,

I hereby resubmit the manuscript ECOINF-D-11-00110 named "How may agricultural matrix intensification affect understory birds in an
Atlantic Forest landscape? A qualitative model on stochasticity and immigration™ for the appreciation of the editorial board of Ecological
Informatics. | thank the reviewers for the important revisions. As suggested, the manuscript was re-written and major revisions were made.
Basically, we give a more informatics centered approach, but we also reinforce the ecological theory in which the models assumptions are based.
Because of this, we excluded one species of the model (Conopophaga lineata), as the general trend concerning the influence intensification on
this species is similar to others (such as P. leucoptera). The importance of this species lied more in the ornithological rather than the
ecoinformatics sense.

The major revisions suggested by the reviewers were incorporated and the changes regarding the specific revisions are listed below. Minor
revisions regarding typos and grammar errors were fully incorporated.

I thank you very much in advance and will be looking forward to hearing from you.
With kind regards,

Fernando Goulart
Corresponding author

Laboratory for Biodiversity Conservation Planning
Department of Zoology,
University of Brasilia, Brazil,

70.910-900, Tel:, 5561-331073030

email: goulart.ff@gmail.com
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Reviewer #1

Revisions requested

Changes on the manuscript

There's a need to explain the "stochastic effects" entity.

This paper does a bit of the first (presenting a detailed, reasoned argument for
the validity of the model, the selected assumptions, and the results of the
simulation), but not enough to support the policy suggestion at the end.

1. Start the paper by telling the reader what you're going to show them. That is,
this is a paper about modeling the effects of agricultural intensification on the
Atlantic Forest biome.

2. Continue with the introduction of the ecological problem, moving your
hypothesis up so that the reader isn't left thinking that the paper lacks direction
until the very end of the introduction.

3. Explain how one might normally model or reason about this problem in
ecology and what the weaknesses of these approaches are. See the paragraph in
Section 6 starting with "According to Levin." You could probably lift it and
adjust it a little to meet this purpose.

5. Assert that you're now going to model the problem introduced in the
introduction using the QR framework in Garp3. What does that mean? What
decisions do you have to make? Identify these (e.g., describing the scenario,
selecting entities, assigning quantity spaces) as a way to outline the structure of
what's currently the methods section. A great place for these one or two
paragraphs would be in that conspicuous gap between 2. Methods and 2.1.
Landscape description.

6. Begin making these decisions in a way that relates them to the ecological
literature. The paper includes some of this, but not in a predictable, well

We included the phrase: "Stochastic events quantity is the magnitude of
demographic and environmental variations, in other words, everything that affect
sub-population dynamics Target forest patch, excluding immigration (that is birth,
death and emigration rates)." in the 3.4. Stochastic events occur on Target forest
patch.

We have re-written the 4. Discussion section in order to make it more
conservative in terms of conservation management and policies. Additionally, in
the conclusion we included the phrase: **Despite of this, the results of the model
should be analyzed with caution and empirical validation is recommended before
decision making and policies are done based on the model."

We have included a short 1.1. General introduction section in which the objective
and the hypothesis of the manuscript is presented

The "According to Levins..." paragraph has been moved up to the beginning of
the 1.2. Qualitative Reasoning section.

We included a section named 3.1 Model basic description in the beginning of the
3. Methods section. The Model description was moved up in order to focus on the
model technical structures, grounded on ecological assumptions. We changed the
name for Basic model description to separate it from the 3.2. Agricultural
intensification of the Farmed matrix, 3.3. Metapopulation dynamics and
supplementation on the matrix and 3.4. Stochastic events occur on Target forest
patch, which are a more detailed (meta-level) description of the model.

A more organized and better explained description of the model and the main
theory in which it is grounded in the sections 1.3. Agriculture intensification




organized fashion. For instance, Section 2.1 (ah, the first one, there appear to be
2 of these) starts by talking about metapopulation dynamics with no real lead-
in. Why? Some decisions are made but | don't know how they affect the model.
As a result, this text looks random to me as it probably will to others unfamiliar
with this particular scenario.

Section 2.2 is extremely dense, and describes modeling decisions that were
made much earlier in the text, mixing entity selection with details about how
the influences on them. See, imagine the first sentence in "2.1 Species
characteristics" is followed by "Each of these species appears as an entity in the
model." Then when you summarize the entities, the reader will already know
what you were getting at. Also, you'll need to operationally distinguish entities
from agents.

7. Discuss the scenarios and the resulting simulations. Section 3 only has one
subsection, which is broken. | would start with a paragraph at the beginning
that says that given the model you'll identify an important set of scenarios,
which provide starting states for simulations. I'd then explain the simulations,
starting with a brief description of how to read the value histories in the figures
and possibly a discussion of where the landmarks came from. Otherwise, the x-
axis will be a mystery to the reader.

8. The discussion is fine, but it needs to connect more with the figures. "P.
leucoptera was also little affected by matrix intensification..." which figure
shows this?

9. I would then talk about related work in a separate section.

11. The conclusion needs to tie all this together. | left unconvinced that there
was any additive value in modeling the scenario. That's a bug in the paper.
Were any of the results counterintuitive? Should one make policy decisions
based on qualitative models?

affects Farmed matrix, 1.4. Metapopulation dynamics and the supplementation on
the matrix and 1.5. Stochastic event occur on Target forest patch.

The Section 2.2 in the old version was the Model description. We have divided
part in sections 1.3. Agriculture intensification affects Farmed matrix, 1.4.
Metapopulation dynamics and the supplementation on the matrix and 1.5.
Stochastic event occur on Target forest patch.

A new 4. Scenario section is presented in which the initial scenarios are described
in detail. We also have included: "Following, we identify an important set of
initial scenarios which are the starting states for the simulations.” In the section 5.
Results we explain the history values highlighting some the paths produced after
the simulation.

Because the discussion has been re-written, this part has been removed. Despite
of this, we took care to recall the figures in the Discussion section, such as " the
model indicates that agricultural intensification can induce cycles of extinctions
and recolonization in populations of C.caudata (Figure 11)","... subpopulation
stabilize at Maximum, Small, Zero and present extinction/colonization cycles
(Figure 13a. and 14b)","... The extinction (N subpopulation equal to Zero)
occurred after eight states for X. fuscus (Fig 13.a) six states for S. scansor (Fig
14a)."

The section 4.1. Related work was separated from the 4.2. Potential of qualitative
reasoning

We are aware that some of the models results are counterintuitive. Despite of this,
there are some aspects that could not be understood without the model. We
included a paragraph on the delayed extinction of X. fuscus and S. scansor:
"Despite of this, there are slight differences in the response of X. fuscus and S.




scansor that worth noting for its ecological importance. The extinction (N
subpopulation stabilizing at Zero) occurred after eight states for X. fuscus (Fig
13.a) six states for S. scansor (Fig 14a). This indicates that there should be a time-
lag in the extinction of both species, and that this lag should be smaller for S.
scansor compared to X. fuscus. Delayed declines in population responses to
habitat destruction was first indicated by models (Tilman et al., 1994), and have
been validated by empirical studies (Kuussaari et al., 2009; Metzger et al., 2009;
Vellend et al., 2006). We have also used other qualitative models to discuss time-
lags in the ecological response to agriculture intensification of the matrix (Goulart
et al., 2010).The results of the present model indicate that populations of these
species may suffer future local extinction with no further recolonization, so that
many populations haven’t paid the ecological debt. Ecological debt is defined as
the number or proportion of the population predicted to become extinct after a
given habitat change. The fact that the ecological debt has not been paid, means
that population has not reached an equilibrium and that is responding to past
landscape structure. This has serious consequences to the conservation of these
species, since the presence of these in small fragments may be temporary, and
that conservation managements that aim at conserving them should take this
under consideration. Despite of it, the exact time of this delay is unknown and
empirical studies should be conducted to assess this issue.

Hence, the results of the model indicate that the presence of X. fuscus
and S. scansor on small fragments of Atlantic forest embedded in an intensive
managed matrix, as reported by Neto (1998), may be highly susceptible to local
extinction in the next years. X. fuscus is sometimes found in small forest
fragments embedded in intensive managed matrix (e.g. Piratelli et al. [2008],
recorded this species is 4ha fragments in an intensive managed matrix) and these
populations may also suffer local extinction in a near future "

Another non counterintuitive results were highlighted:

"Despite of it, some non counterintuitive patterns appeared, such as that in C.
caudata and P. leucoptera stabilized at higher N subpopulation levels
(Maximum) than in the non intensive scenario (Medium). It worth noting that
other pathways are possible in the intensive scenario (extinction/recolonization),
while in the non intensive scenario there is only one possible path. It seems that
agriculture intensification leads to destabilization of the population. This could
involve declines, such as in the extinction/recolonization cycles, or decrease, such




as in the paths that stabilized at Maximum."

Concerning the potential use of the results to decision making and policy, we
have included the phrase: ".. Despite of this, the results of the model should be
analyzed with care and empirical validation is recommended before decision
making and policies are done based on the model."

"entities" is a technical term not defined anywhere. A paragraph explaining some of the QR terms were included: " According to

agents" isn't defined anywhere. Bredeweg and colleagues (Bredeweg et al. 2009), qualitative models have four
basic ingredients that define their physical system structure: (1) Entities, which
are physical objects or abstract concepts that constitute the system; (2) Agents,
entities that influence but are not influenced by the systems (3) Assumptions,
defined as labels that are used to indicate that certain conditions are presumably
true (4) Configurations, defined as relationships between instances of entities or
agents."

"its low sensitivity to disturbs™ -- disturbs what? We included a phrase defining disturbs: "This variable affects species differently,
given their sensitivity to disturbances. We used the classification of sensitivity to
disturbances of human interference (e.g. habitat loss), following Stotz and co-
workers (1996)." in the section 3.4. Stochastic events occur on Target patch

"animal dispersal, data *are* even more imprecise" -- than what? We changed the phrase for: "In the case of Neotropics, this is even more serious
than in the rest of the world, as basic movement ecology is absent and
contradictory (Marini, 2010)."

Reviewer #2

Revisions requested Changes on the manuscript

This paper is very difficult to follow, mainly as itonly hasa  The whole manuscript has been re-written. We included new sections to better describe the ecological

very brief description of the goal of the paper, the model problem and the model structure. The goal of the work and the hypothesis tested were highlighted through all
itself and the results of the model (or even the hypotheses the text. Additionally, we included some ecological information that enhanced clarity for the model, as well as
being tested). As such it is very difficult for a reader to to enable the reader to make judgments on its validity.

make any judgement on the validity of the model or the
results.




In general the description of the model needs to have much
greater detail, in particular a better meta-description of the
model and how its components fit together. Additionally,
there needs to be a better description of the domain concepts
modelled and how the model addresses classical domain
theories.

For example the description of the model does not describe
what "sub-population variation rate" is or what they mean
by "Stochastic event" and whether the quantity space for
stochastic event relates to the magnitude or the frequency of
events.

The results section mentions 11 simulations but is very brief
in describing both the scenarios used and the behaviour
paths. Little or no details are given for the scenario settings,
particularly for stochastic event, or how this relates to
agricultural intensification. This section requires much
greater detail, but should be approached from a meta-
analysis view of all the simulations. Fewer figures should be
used from the behaviour graphs and more details of the
scenarios and hypotheses being tested should be given. In
fact this section actually contains mostly model design
information rather than results of the simulation.

Sections 4, 5 and 6 should be merged and a clear evaluation
of the model and its results given. Section 5 particularly
seems to contain information and considerations that relate
to justifications for modelling that could be better in the
introduction to the paper, setting the scene for what the
authors are doing.

We included a greater detail of the model structure and simulations. Concerning the structure, sections 3.1
Model basic description, 3.2. Agricultural intensification affects Farmed matrix, 3.3. Metapopulation
dynamics and supplementation on the matrix, 3.3. Stochastic events occur on Target forest patch were
included. These sections give a more detailed and organized description of the model entities/agents, variables
associated, configurations, model main assumptions. The 4. Scenario section describes the initial scenarios of
the simulations.

We included a phrase: " N Sub population, which is the number of individuals of the species in the Target
forest patch, and Subpopulation variation rate, defined as the direction of variation of the former variable
(Plus, Minus and Zero)." that explain this variable.

Concerning Stochastic events, we included: "Stochastic events quantity is the magnitude of demographic and
environmental variations, in other words, everything that affect sub-population dynamics Target forest patch,
excluding immigration (that is birth, death and emigration rates)."

The section 4. Scenario was included in which the first scenarios described. Figures of the first scenarios were
also presented. In the section 5. Results were divided in subsections regarding each species with the detailed
description of the simulations. Two behaviour paths are shown and we have excluded most of the value
history diagrams.

Concerning the hypothesis of the work, we have included a phrase in the 4. Scenario section:

"We hypothesis that N subpopulation associated to each species would stabilize at lower levels in the
intensive agriculture scenarios, compared to the scenarios in which non intensive practices are maintained.
Additionally, we predict that the effect of intensification should be grater on the more sensitive species with
poorer dispersal abilities."

The paragraph "According to Levins (1966), the problem of building models for complex ecological systems
is that there are too many parameters to be measured, equations are insoluble analytically and require
powerful computers, and even if there is a mathematical solution, it would be expressed in form of quotients
with low biological meaning (Levins 1966). As one possible solution, Levins suggests that models may
sacrifice precision over realism and generality. This approach is more concerned with qualitative patterns in
the long run rather than with quantitative results. Because simplification is one of the way qualitative models
handle low resolution data (Tullos and Neumann 2006), uncertainty may be successfully addressed using this
method (Nuttle et al. 2009). Because addressing how agricultural intensification of the matrix affects forest




Currently the discussion seems to have a couple of threads,
it would be sensible for the author to pick one and make this
the focus of the paper.

For example if the paper is mostly focussed on an
evaluation of QR for ecological modelling then the whole
introduction, methods and results should reflect this.
Ultimately, because the model is so briefly described it is
difficult for the reader to make a judgement on the validity
of the model, the ecological knowledge it captures or the
validity of QR as a modelling approach in ecology.

From a QR modelling perspective the complexity of the
model caused by having so many differentiated QS could be
addressed to improve the clarity of the model. Furthermore,
in the simulations many of the quantities appear to be in
their maximum point value but are still increasing, even to
the casual reader this will appear to be qualitatively
impossible and may lead to readers questioning the validity
of the results and the modelling approach.

species requires data on species dispersion, home-range and sensibility to fragmentation, and these
informations are available at low resolution, it would not be possible to use traditional numeral models." were
moved to the 1.2. Qualitative reasoning section.

We have excluded the paragraph "Concerning Landscape Ecology discipline, Metzger (2008) points out the
need to avoid excessive quantification without real hypothesis or theoretical base. Furthermore, the use of
remote sensing and GIS technique do not, by itself, constitute a landscape perspective (Metzger 2008). Wu
and Hobbs (2002) considers that conceptual and theoretical development; causes, processes and consequences
of land-use change; nonlinear dynamics and landscape complexity; interdisciplinarity and transdisciplinarity;
methodological development; integrating humans and their activities into landscape ecology and landscape
sustainability are key issues to Landscape Ecology development. In turn, Ecological Modeling discipline is
concerned with “process-based models embedded in theory with explicit causative agents as opposed to
strictly statistical or correlative descriptions” (extract from Instruction for Authors of Ecological Modelling
Journal). As we see it, Qualitative Reasoning models fulfill several of the gaps of both disciplines, because it
formally express causality, and reasons using low resolution data very compatible to the actual data about
landscape patterns and processes. Furthermore, the present work successfully addresses the topics pointed out
by Wu and Hobbs (2002).".

This would give a more focused discussion on bird conservation and ecoinformatics and less focused on the
evaluation of QR for Landscape ecology and Ecological Modelling disciplines.

We have included subsections in the Method and in the Results to enhance clarity. We have also included
subsections in the introduction (1.2 to 1.5) in order to enhance a better understanding of the model.

We divided the model description in 1.1. Model basic description, 1.2. Qualitative reasoning, 1.3.
Intensification of the agriculture matrix, 1.4. Endemic understory birds of Atlantic Forest: threatened guild of
a threatened Biome, 1.5. Stochastic variations and immigration.




1. Use correct scientific writing style throughout.

2. The last sentence of the abstract doesn't seem to fit.

3. You need to define early on in your paper the locations
you are considering - especially as you discuss changes in
the last 30 years, this will be specific to a location.

4. You need to define what you mean by "stochastic
events" - this has huge bearing on the model you develop
and your simulations. Especially important as the title of the
paper says the model is of stochasticity and immigration.

5. You could probably reduce your description of QR and
just reference some existing papers with descriptions of the
modelling language.

6. Define the term "Source-target™ - or do you mean that
you are using the terms "source™ and "target" rather than
"mainland” and "island".

7. For a qualitative model your give quite precise
quantitative information concerning patch size but it is not
clear why or whether this is actually relevant to your model.

We have corrected this. For example phrases like "A model was build..." were changed by "We built a
model...".

We have removed this sentence.

We have removed this sentence for the sake of clarity.

We have included a section called 1.5. Stochastic variations and immigration in the introduction to clarify the
ecological processes to which we are referring. Concerning the model structure, we included a section called
Stochastic events occur on Target forest patch to describe the way stochasticity affect species. The definition
of Stochastic events quantity is also highlighted: "Stochastic events quantity is the magnitude of demographic
and environmental variations, in other words, everything that affect sub-population dynamics Target forest
patch, excluding immigration (that is birth, death and emigration rates)."

We have excluded the phrases: "In qualitative models, these value areas are included in a so- called quantity
space (Salles and Bredeweg 2006). Quantity spaces are composed by points interspaced by intervals, so that
points are specific values and interval is quantitative space between points. Points are defined values, such as
means, zero and thresholds, and intervals are an uncertain range of values above and below points (Bredeweg
et al. 2009).".

Despite of it, we had to include a paragraph explaining some of the RQ terms: According to Bredeweg and
colleagues (Bredeweg et al. 2009), qualitative models have four basic ingredients that define their physical
system structure: (1) Entities, which are physical objects or abstract concepts that constitute the system; (2)
Agents, entities that influence but are not influenced by the systems (3) Assumptions, defined as labels that
are used to indicate that certain conditions are presumably true (4) Configurations, defined as relationships
between instances of entities or agents." as suggested by the Reviser #1.

We included a phrase explaining this: " The mainland-island model is generally referred to the description of
landscapes resembling islands in an ocean of inhospitable habitat, and have been criticized by not considering
the diversity of matrix types and their differential effect on species (Jules et al. 2003; Kupfer et al. 2006;
Goulart et al., 2009).

Some of the models' assumptions depend on the spatial configuration of the landscape to be true. We have
better described this by saying:"Target forest patch is small (from 10 to 20 ha) and Source spp. is large
(<100ha), because patch size is long known is a predictor of population size and extinction risk (MacArthur &
Wilson, 1967), population is the Source spp. is assumed to be extinction resistant and Target forest patch is
prone extinction (because of the small size)..Both forest patches are embedded in an agroenvironment, the
Farmed matrix; and inter-patch distance is between 300m to 800m. Given the overall species dispersal




8. Itis not at all clear how your scenarios are formed or
how the 5 species are modelled together.

9. The model description needs a better meta-level
description of its structure and approach.

10. Define your quantities with more detail - especially
sub-population variation rate

11. Your QS are all very complicated with numerous
qualitative states; it is not clear how each of the point values
link to specific thresholds in the system behaviour.

12. Itis not at all clear how stochastic events are modelled
or simulated. This needs to be explained clearly since by
their very nature stochastic events have a random element to
them. How is this random nature handled in the qualitative
simulations?

13. The results section needs better structure and clearer
detail.

abilities and sensibility to fragmentation, these landscape characteristics render a metapopulation dynamics
for most species, because patches are more or less bounded by migration and suffer independent extinction
risk".

The results section was divided in subsections regarding each species. The model structure was also better
described, for example by saying: "Sclerurus scansor, Pyriglena leucoptera, Chiroxiphia caudata and
Xiphorhynchus fuscus inhabits the Target forest patch, and are associated with N Sub population, which is the
number of individuals of the species in the Target forest patch, and Subpopulation variation rate"

In the scenario, we explain this by saying: "We ran simulations of four scenarios in which each species and
forest patches were included and other four scenarios each species and forest patches were also included, but
intensification was excluded. These last was considered the "control" treatment and the difference between
intensive and non-intensive scenarios, for each species, was considered to be the effect of agricultural
intensification. Following, we identify an important set of initial scenarios which are the starting states for the
simulations.".

Also, the inclusion of the first scenarios diagrams in Fig. 6 and Fig. 8 helps the reader to better understand
how species appeared in the simulations

New subsections were included to enhance clarity. Subsection 3.1 to 3.4 gives a more detailed and organized
description of the model, including configurations (Table 1), entities and associated variables (Table 2),
variables descriptions (Table 3). Regarding the scenario section, we included scenarios figures (Fig 4 and 6),
more causal models (Figs. 5 and 7), behaviour graphs (Figs. 9 and 12).

Tables 3, which defines the variables where moved from the online supporting material to the 3.1. Basic
model description. Additionally, we have defined some quantities such as Sub-population variation rate, by
saying: " defined as the direction of variation of the former variable (Plus, Minus and Zero)."

We included causal models (Figures 5 and 7), initial scenarios (Figures 4, 6 and 7) and behavioural paths
diagrams (Figures 9 and 12). Additionally, we removed most of the history values diagrams.

In the section 3.4. Stochastic events occur on Target forest patch, we included the phrase: " The model
assumes that Stochastic events agent affect the Target forest patch via Stochastic events quantity, to which we
attributed an exogenous random behavior in the scenarios”. In the end of the 4. Scenario section, we also
included: "We attributed an exogenous behavior to Stochastic events quantity which is assigned with an
exclamation mark" in reference of Figure 6.

We divided the Results section in subsections: 5.1. Overall simulations, 5.2. Chiroxiphia caudata, 5.3.
Pyriglena leucoptera, 5.4. Xiphorhynchus fuscus, 5.5. Sclerurus scansor. In each subsection we describe both




14. Tables 1 and 2 need better explanations and also to
show how this is implemented in the model.

15. Table 3 seems to indicate that different scenarios are
run for the different species. How is there 11 simulations
mentioned in the text? Also which quantities are being
considered here?

16. Figure 1: this shows feedback from some of the target
quantities to agricultural intensification rate, what is the
justification for this? For example how does the increased
use of pesticide due to agricultural intensification rate act to
reduce the intensification rate?

17. Figure 1: needs to indicate how this relates to the
species and to the source/target habitat patches.

intensive and non-intensive simulations for each species selecting some scenarios, causal model, behavioural
paths and value histories.

Concerning table 1, in section 1.3, we included a phrase (assigned in bold letters): "Figure 1 shows a model
fragment that represents this relationship. The other species are considered to have intermediate response
(Structural permeability threshold equal to Medium value). Model fragment similar to this one was used
for other species, and with different thresholds. Table 4 shows the species-specific thresholds beyond
which the effect of Propagules quantities on Subpopulation variation rate is active."”

Concerning table 2, we have included a similar phrase (changes are in bold): "Figure 3 shows a model
fragment representing that, if Stochastic events is equal or greater than Medium, this variable negatively
affects Sub population variation rate associated with Xiphorhynchus fuscus. Table 2 shows the threshold
beyond which Propagules quantity affect Sub population variation rate. Model fragments like the one in
figure 3 were used to express such relationships."

We change table legend change for:" Table 6: Summary of the general trends of how N subpopulational of
species responds to intensive and non-intensive management of the Farmed matrix."

We removed some of the feed-backs that relates agriculture intensive rate with matrix variable, leaving only
the Heterogeneity among farmplots. An explanation for this was included in the manuscript: "There is a feed-
back in the relationship between agricultural intensification rate and Heterogeneity among farm plots. The
explanation for this lies on the fact that, for instance, the more Agricultural intensification rate reduces
Heterogeneity among farm plots, the less Heterogeneity is left to be reduced. Therefore, if Heterogeneity is
Zero, Agricultural intensification rate is also Zero simply because the agrienvironment is homogeneous.
Among other indicators of agriculture intensification, such as wood cover, pesticide use, degree heterogeneity
is probably the best indicator, as it is the main characteristic of intensive systems. For example, high wood
cover is found in intensive nonspecific tree plantations (in Brazil: Pinnus, Eucaliptus etc..) and intensive
managed pastures are not sprayed with pesticide, still these systems have low heterogeneity as the majority of
intensive systems."

This was a big problem in the first version of the manuscript, since we did not explain what the relationships
between agriculture intensification and stochasticity are. We included subsections in the introduction explain
this better (1.3. and 1.5.). Additionally, we included the following paragraph in the discussion section:
"Although there is no direct relationship between Agriculture intensification of the matrix and Stochastic
events that occur in the Target forest patch, Agriculture intensification can reduce matrix permeability
rendering recolonization that would happen after local extinction in non intensive scenarios. Therefore,
agriculture intensification can act indirectly, reducing rescue effect and making population more susceptible to




local extinction events. On the other hand, agricultural intensification can have direct effects on the
supplementation behavior of C. caudata and P. leucoptera.”

18.  Figure 3a: The figure has stochastic event as max and  In the new version, there is only one figure (Fig. 13b) in which this occurs, because we have removed many of

increasing in many states, this should be qualitatively the history value diagrams. Nevertheless, this problem happened in many simulations. This is due to the effect
impossible. of radon exogenous variables in the scenario that vary chaotically. We have tried to avoid this by running the
19. Figure 3b: same as for 3a simulations with "Apply quantity space constraint on extreme values ", but the pattern of extinction

20. Figure 3d: same as for 3a recolonization, which is very important for the manuscript, did not appear. Another important behaviour that
21. Many of the figures have similar issues to 3a. is lost by using this assumption is the behaviour in which Stochastic events are kept at its maximum values.

This is an important behaviour from the ecological point of view, as climate change can lead to consecutive
disturbances, such as in the dry season there are drought and consequently fires, followed by storms and
floods in the rainy season. Because of these reasons, we decided to maintain simulations without this
assumption (Apply quantity space constraint on extreme values), keep with the problem and discuss this on
the text: "The model was successful in addressing the problem proposed, but there are some constraints.
Several history values diagrams (e.g. Fig 13b), especially of Stochastic events and N subpopulation show
variables that, even being at their highest level, show derivates with positive values which is physically
impossible. This happened because of the random behavior of the Stochastic events variable and its effect on
N subpopulation variation rate, so that would be impossible to use random exogenous behaviors without
having such problems. We are aware of this constraint but we suggest that the broad results would be similar
if this problem did not occur."

22.  Some of the supporting online material is actually Tables 2 and 3 were moved to the manuscript in the section 3.1. Model basic description
critical to the paper and should be included in the paper.




*Research Highlights

Highlights

> A qualitative model on the impact of agricultural intensification is presented

> We compare how matrix management affects forest bird species in a patchy landscape
>The model was based on qualitative reasoning and implemented in Garp3

> Intensification affects matrix structure and reduces permeability to forest birds

> Additionally, agriculture intensification reduces supplementation on adjacent matrix
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Abstract

Understanding how different approaches of matrix management affect organisms that inhabit natural
patches is crucial for biological conservation. Considering that most of the tropical area is composed
of agricultural land and that most of this land is either intensified or on the way to be, a relevant
question is: how may agricultural intensification of the landscape matrix affect the population
dynamics of understory birds? This paper describes a qualitative model based on the Qualitative
Process Theory and implemented in Garp3 to provide answers to this question. We built a model
using four species of endemic passerine birds in order to evaluate the case in an Atlantic Forest area,
a biodiversity hotspot. The model describes a landscape composed of an extinction-resistant source
patch and one target forest patch where stochastic events occur. If permeability of the matrix exceeds
a given species-specific threshold, propagules coming from the source reach the target patch.
Agriculture intensification affects the matrix spatial structure and reduces permeability to forest
birds, thus reducing the rescue effects. Additionally, we assume that some species may use the
matrix as a supplementary habitat for feeding and that matrix management may affect the resource
base for those species. Simulation results suggest that, if agriculture intensification continues to
threat the Atlantic Forest biome, populations of sensitive species (X. fuscus and S. scansor) that exist
in the small forest patches (which is true for most forest remnants) will be highly susceptible to local

extinctions and without further re-colonization.

Keywords: agroforestry; conservation; local extinction; metapopulation; qualitative reasoning;

rescue effect.

1. Introduction

1.1. General introduction

Thirty percent of the terrestrial surface is composed of agricultural systems (Cassaman and Wood,
2005), and in the tropics, 70% is composed of pasture, farmlands, and mixture of managed landscapes
(McNeely and Scherr, 2003). Therefore, at global scale, most of the biodiversity inhabits the
agroecosystem or natural patches embedded in an agricultural matrix. Although much effort has been

put into understanding how different farming practices affect biodiversity inhabiting the agroecosystem,



recent studies have stressed the importance of matrix agricultural management to species inhabiting
habitat patches (Perfecto et al., 2009). The matrix is described as the major component of the landscapes
(Forman, 1995) or the mosaic of anthropic managements that surrounds natural fragments (Metzger,
2001), and it is often subjected to agricultural practices (Perfecto et al., 2009).

This paper describes the development of a qualitative reasoning model (Weld and de Kleer, 1990),
using Garp3 workbench as the simulation engine, to theoretically predict how agricultural matrix
intensification will affect four bird species, with different sensitivities and different dispersal abilities,
inhabiting forest patches in an Atlantic Forest landscape in the southern part of Brazil. We hypotheses
that birds will respond differently, so that species with lower dispersal abilities and higher sensitivity to

disturbances will be more affected.

1.2. Qualitative reasoning

According to Levins (1966), the problem of building models for complex ecological systems is that
there are too many parameters to be measured, equations are insoluble analytically and require powerful
computers, and even if there is a mathematical solution, it would be expressed in form of quotients with
low biological meaning (Levins, 1966). As one possible solution, Levins suggests that models may
sacrifice precision over realism and generality. This approach is more concerned with qualitative
patterns in the long run, rather than with quantitative results. Because simplification is one of the way
qualitative models handle low resolution data (Tullos and Neumann, 2006), uncertainty may be
successfully addressed using this method (Nuttle et al., 2009). Because addressing how agricultural
intensification of the matrix affects forest species requires data on species dispersion, home-range and
sensibility to fragmentation, and these information are available at low resolution, it would not be
possible to use traditional numeral models. This is due to technical difficulties in measuring vertebrate
dispersal (Koenig et al., 1996; Holyoak et al., 2008). In the case of Neotropics, this is even more serious
than in the rest of the world, as data on basic movement ecology is absent and contradictory (Marini,
2010). Therefore, we used qualitative reasoning (QR) which support reasoning with very little
information.

Qualitative Reasoning is an area of Artificial Intelligence that creates representations for continuous
aspects of the world; see the special issue QR of Ecological Informatics, 4(5-6): 261-412. Qualitative
Reasoning research has resulted in different modeling approaches (Weld and de Kleer, 1990), most of

them including a set of dependencies that capture cause-effect relationships between quantities. The



Garp3 software is simulation engine that uses this type of reasoning to build simulation models
(Bredeweg et al., 2009).

In qualitative reasoning, relations between quantities include causal dependencies of two types:
direct influences (I1+ and I-) and qualitative proportionalities (P+ and P-) (Forbus, 1984). Direct
influences represent processes and are the initial cause of change in the system. The effects of processes
are propagated via proportionalities to the rest of the system. Numerical values of quantities are
abstracted in order to represent just their most relevant quantitative states. According to Bredeweg and
colleagues (Bredeweg et al., 2009), qualitative models have four basic ingredients that define their
physical system structure: (1) Entities, which are physical objects or abstract concepts that constitute the
system; (2) Agents, entities that influence but are not influenced by the systems (3) Assumptions,
defined as labels that are used to indicate that certain conditions are presumably true (4) Configurations,
defined as relationships between instances of entities or agents.

Some areas where qualitative reasoning models were applied include several issues in ecology and
conservation such as stream restoration (Salles et al., 2006), algal blooms in aquatic environments
(Cioaca et al., 2009), sustainable fish catchment (Zitek et al., 2009), waterway impact on aquatic fauna
and flora (Goulart and Saito, 2012) , sustainable agricultural practices in production and ecosystem
services (Goulart et al., 2009), individual decision-making concerning extra-pair copulations in birds

species (Dias and Salles, 2009) and learning about ecological concepts (Nuttle and Bouwer, 2009).

1.3. Intensification of the agriculture matrix

“Agricultural intensification” is the general term given to changes in farming practices that have

begun after the Green Revolution. Intensification includes the use of pesticides, irrigation systems,
machinery, increase in farm size and productive specialization (loss of cultivated/raised diversity from
species to genetic level) (Altieri, 1999). In agroforestry systems, agriculture intensification leads to a
decrease in tree diversity and abundance, as well as in vertical complexity (Mas and Dietsch, 2003).
The impacts of agricultural intensification on biodiversity are widely recognized and some authors
suggest that it is one of major threats to biodiversity worldwide (Benton et al., 2003; Donald and Evans,
2006).

Concerning the aspects related to the biodiversity that inhabits the agroecosystem, much effort has

been put so far into understanding the impact of changes in farming practices on species inhabiting the



agroenvironment, with birds (so called farm-birds) being the main focus (Krebs et al., 1999; Ormerod
and Watkinson, 2000). With this respect, models, including conceptual ones (e.g. Benton, 2007) have
had key importance (Butler et al., 2007; Donald et al., 2001). On the other hand, the influence of matrix
agricultural management on species inhabiting natural patches is basically unknown from both
theoretical and practical point of view (Perfecto et al., 2009).

Metapopulation dynamics describe a population inhabiting and heterogeneous habitat (patches),
more or less bounded by migration process, so that each subpopulation suffers independent extinction
events (Levins, 1969). Because populations are often restricted to habitat patches (caused by either
natural or anthropic processes), the Metapopulation Theory is one of the most important theories in
ecology (Scheiner and Willig, 2008). Generally, the work concerning metapopulation dynamics
considers the matrix a barrier to dispersal assuming that landscapes are binary composed of "natural
patches in a hell matrix" (Goulart et al., 2009c). Despite of this, recent studies have highlighted the
importance of matrix management and how different managements of the matrix affect metapopulation
dynamics (Perfecto et al., 2009). Generally, the more intense the agroenvironment is managed, the less
permeable it is to biodiversity (Donald and Evans, 2006; Perfecto and VVandermeer, 2002). Furthermore,
the intensification of the agricultural matrix can reduce the availability of food resources to forest
species that occasionally feed on the matrix (Goulart et al., 2011). The use of surrounding matrix by
populations inhabiting natural patches is called supplementation (definition after Dunning et al., 1992),
and seems to be important for the maintenance of population inhabiting small and narrow habitat patches
(Tubelis et al., 2004a; Tubelis et al., 2004b). Hence, agricultural intensification, by reducing food
resources in the matrix and consequently, supplementation behavior can also negatively affect

population inhabiting natural patches embedded in this matrix.

1.4. Endemic understory birds of Atlantic Forest: threatened guild of a threatened Biome

The Atlantic Forest biome encompasses the Southeastern part of Brazil and parts of Paraguay and
Argentina and is considered a world conservation hotspot (Myers et al., 2000). Deforestation destroyed
large part of the forest, so that only 7 % of the original wood-cover in Brazil remains (Ribeiro et al.,
2009). Most of the forest remnant area is less than 50 ha (Ribeiro et al., 2009), causing a high level of
extinction of avian species, as expected for this forest size magnitude (Stratford and Stouffer, 1999;
Ribon et al., 2003; Ferraz et al., 2007).



Passerines that inhabit the forest understory seem to be particularly negatively affected by
fragmentation. The reason for this sensitivity lies on the low dispersal ability and their reluctance to
cross open habitats (Stouffer and Bierregaard, 1995; Desrochers and Hannon, 1997; Bélisle and Clair,
2002). These features constrain immigration to small patches, making populations prone to local
extinction without any further recolonization (Sekercioglu et al., 2002). Therefore, conservation actions
that enhance understory insectivorous conservation may, consequently, conserve less sensitive guilds
(Castellon and Sieving, 2006). Using the conservation jargon, understory birds can be called “umbrella
species” (Primack and Rodrigues, 2001).

Four bird species of endemic passerines of the Atlantic Forest were chosen for this study:
Chiroxiphia caudata (Blue manakin), Pyriglena leucoptera (White-shoulder Fire-eye), Sclerurus
scansor (Rufous-breasted Leaftosser), Xiphorhynchus fuscus (Lesser Woodcreeper). Except for C.
caudata, which is understory/medium strata frugivore, all the other species are understory insectivores.
These species were chosen because they share similarities (phylogenetic proximity and small size), as
well as differential dispersal ability, natural density, home range and territory size. These features allow
a single model (although with different initial scenarios) to consider that the main driving forces causing
population changes (such as colonization and extinction) could affect all these species in a similar way,
and to compare how different ecological features (dispersal ability and sensitivity) could affect
population dynamics of these different species. Finally, these are some of the most well known species
in the Atlantic Forest, so that it would be impossible to build this type of models for other species given
the actual ornithological data available. A detailed description of the species is presented in the online

supporting material (Appendix 1).

1.5. Stochastic variations and immigration

As well as other groups, birds show great demographic variation (Saether and Bakke, 2000; Saether
et al., 2004). These factors could be caused by a great variety of human associated factors, such as
habitat loss, fragmentation, hunting, and introduction of invasive species, as well as natural events such
as lighting fire, storms, floods and predation. Other than these environmental and human factors,
intrinsic dynamics of the populations may also lead to variations in population numbers. Demographic
stochasticity is caused by chance realization of individual probabilities of death and reproduction in a
finite population (Lande, 1993). Because independent individual events tend to average out in large

populations, demographic, as well as environmental stochasticity is more important in small populations
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(Lande, 1993). However, local extinction caused by stochasticity could be balanced by immigration of
individuals coming from other areas, characterizing the rescue effect (Brown and Brown-Kodric, 1977).
Hence, connectivity of landscapes is a vital element for (re)colonization and biological conservation of
species in fragmented landscapes (Taylor et al., 1993)

Concerning colonization, certain human activities such as road construction (Develey and Stouffer,
2001; Bélisle and Clair, 2002; Clair, 2003), pasture and monoculture forestry (Machado and Lamas,
1996) may hamper forest movements and hence colonization. As a general rule, landscapes subjected to
intensive land-use management offer low permeability to species fluxes (Perfecto and Vandermeer,
2010).

2. Objective

We aim at answering the following question: How agricultural intensification of the landscape
matrix of an Atlantic Forest region may affect the metapopulation dynamics of four understory endemic
passerines inhabiting small forest patches? More specifically, we built a qualitative model to predict the
impact of agricultural matrix intensification on forest species, considering they have different dispersal
ability, use the matrix differently, and have different sensitivity to stochastic events that take place in the
forest patch they inhabit. We also aim at comparing our results with other models in the specialized
literature. We hypothesize that agriculture intensification of the famed matrix will negatively affect
forest birds inhabiting small forest patches, especially species with high sensitivity, and with lower
dispersal abilities.

3. Methods

We built a qualitative model to address how matrix agricultural intensification will affect bird
population inhabiting a fragmented landscape of the Atlantic Forest. It is assumed that birds inhabit a
small forest fragment (the Target forest patch) embedded in a non-intensive agricultural matrix. We also
assume that there is a nearby forest fragment (Source spp.) which is emitting propagules on the matrix
and that these can eventually, if matrix permeability is above a species-specific threshold, reach Target
forest patch.

Additionally, bird populations may suffer species-specific stochastic variation in population

numbers due to the small size of the population, which is related to the small size of the Target forest
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patch area. On the other hand, the Source spp. is assumed to be extinction resistant due to its large size.
Therefore a Metapopulation dynamics is assumed, because of migration and differential extinction.
Furthermore, some species are assumed to supplement on adjacent matrix if food resources is available

above a species specific threshold.

3.1. Model basic description

The model has nine entities: Agricultural intensification, Farmed matrix, Source spp., Target forest
patch, Chiroxiphia caudata, Sclerurus scansor, Pyriglena leucoptera, Chiroxiphia caudata,
Xiphorhynchus fuscus. Two external agents are modeled: Immigrants and Stochastic events. The
entities/agents and the configurations to which they are associated are shown in table 1. Agricultural
intensification occurs on Farmed matrix, which has Target forest patch and has Source spp. Source spp.
affects Target forest patch, Stochastic events affect Target forest patch, and Immigrants are emitted from
Source spp. Additionally, each species' entity inhabits Target forest patch, and Pyriglena leucoptera and
Chiroxiphia caudata forrages on Farmed matrix. The broad assumptions is that Agricultural
intensification will affect a Farmed matrix, and that there are forest fragments embedded in this matrix
(Target forest patch and Source spp.). Target forest patch is small (from 10 to 20 ha) and Source spp. is
large (<100ha), because patch size is long known is a predictor of population size and extinction risk
(MacArthur and Wilson, 1967), population in the Source spp. is assumed to be extinction resistant and in
Target forest patch is prone extinction (because of the small size). Both forest patches are embedded in
an agroenvironment, the Farmed matrix; and inter-patch distance is between 300m to 800m. Given the
overall species dispersal abilities and sensibility to fragmentation, these landscape characteristics render
a metapopulation dynamics for most species, because patches are more or less bounded by migration
and suffer independent extinction risk. This landscapes characteristics are also very common in the
Atlantic Forest context (Ribeiro et al. 2009), which increase the degree of realism and applicability of
the models results for management. Additionally, we assumed that both P. leucoptera and C. caudata
forrages on the matrix, that is they include the matrix as a part of their home-range and that they feed on
this habitat if food resources are found at enough quantity.

Quantities and entities/agents they are associated are show in table 2. Entities, agents, associated
quantities, basic definition variables used in the model, and associated quantitative spaces are shown in

table 3. The main ecological theory and how it was implemented in the model goes as follows:



3.2. Agriculture intensification affects Farmed matrix

Farmed matrix is associated with the quantities Tree density and richness, Vertical complexity,
Heterogeneity among farm-plots, Pesticide, Light incidence, Fruit availability, Insect abundance,
Structural permeability and Predation risk. Tree density and richness, Vertical complexity,
Heterogeneity among farm-plots, Pesticide, Light incidence, Fruit availability, Insect abundance are
objective variables that could the measured through indexes, such as for Vertical complexity (e.g. Roth,
1976), while the Structural permeability is a theoretical variable that combines several aspects of the
matrix that could affect the movement of the species through the matrix. As each species responds
differently to its values, we define it in only structural terms, and not considering the functional response
of the birds (e.g. a highly structurally permeable matrix can be functionally impermeable to certain bird
species). Predation risk is also a theoretical variable that define the degree to which the matrix present
predation pressure for forest birds. This variable is the association between actual and perceived risk.
The former is the actual predation rates, while the latter is the psychological fear that forest birds feel in
open habitats, with high light incidence and low vegetal cover (Lima & Valone, 1991).

Agricultural intensification rate associated with Agricultural intensification entity positively affects
(I+) Pesticides, and negatively affects (I-) Heterogeneity among farm-plots, Vertical complexity, Tree
density and richness associated with the Farmed matrix. There is a feed-back in the relationship between
agricultural intensification rate and Heterogeneity among farm plots. The explanation for this lies on the
fact that, the more Agricultural intensification rate reduces Heterogeneity among farm plots, the less
Heterogeneity is left to be reduced. Therefore, if Heterogeneity is Zero, Agricultural intensification rate
is also Zero simply because the agrienvironment is homogeneous. Among other indicators of agriculture
intensification, such as wood cover, pesticide use, heterogeneity degree is probably the best indicator, as
it is the main characteristic of intensive systems. For example, high wood cover is found in intensive
nonspecific tree plantations (in Brazil: Pinnus, Eucaliptus etc..) and intensive managed pastures are not
sprayed with pesticide. Nevertheless, these systems have low heterogeneity as the majority of intensive
systems.

Additionally, we used quantitative spaces correspondence among Heterogeneity among farm-plots,
Vertical complexity, Tree density and richness and inverse a correspondence between Tree density and
richness and Pesticides. This was associated with the assumption "Assume Heterogeneity among farm-

plots, Vertical complexity, Tree density and richness correspond”. The explanation for this is that,
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generally, agriculture intensification affects the variables associated to Farmed matrix and these vary
more or less together. In the case of Pesticides, this correspondence is inverse. For instance, reduction in
Tree density and richness in shade-cocoa plantations must be accompanied by the increase in Pesticides,
because tree reduction increase pest attacks (Johns, 1999). This assumption was used in all simulations.

Concerning the relationships occurring on the Farmed matrix, Tree density and richness positively
affects Fruit availability and negatively affects Light incidence. Heterogeneity among farm-plots
positively affects Insect abundance and Structural permeability. Additionally, Vertical complexity and
Tree density and richness positively affect Structural permeability of the Farmed matrix, as these
features are known to facilitate movements understory birds through the matrix (Antongiovanni and
Metzger 2005, Boscolo et al. 2008). Light incidence negatively influences Structural permeability
because most forest bird species show "photophobia” (Sick 1997), therefore the increase Light incidence
decreases bird movements through the Farmed matrix.

3.3. Metapopulation dynamics and supplementation on the matrix

Metapopulation dynamics can vary from the classical structure in which several sub-populations of
the same magnitude of size interact via migration to a mainland-island, where one single patch is
extinction resistant (mainland) sending propagules to small habitat patches (Harrison 1991). Pulliam
(1988) described landscapes in which there was one high quality patch and peripheral ones with low
habitat quality. In the present model, we describe a mainland-island situation, but we use the term
“Source-target” to differ from insular models that consider a static matrix. The mainland-island model is
generally used for the description of landscapes resembling islands in an ocean of inhospitable habitat,
and has been criticized by not considering the diversity of matrix types and their differential effect on
species (Jules et al., 2003; Kupfer et al., 2006; Goulart et al., 2009). Our approach also differs from
Pulliam’s because habitat quality is assumed to be the same in all patches.

Sclerurus scansor, Pyriglena leucoptera, Chiroxiphia caudata and Xiphorhynchus fuscus inhabits
the Target forest patch, and are associated with N Sub population, which is the number of individuals of
the species in the Target forest patch and Subpopulation variation rate, defined as the direction of
variation of the former variable (Plus, Minus and Zero). There are feed-back loops between
Subpopulation variation rate and N Subpopulation and indicating density dependences stabilization

mechanisms.
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Propagules from the Source spp. can eventually reach the Target forest patch if Structural
permeability trespass a species-specific threshold. Structural permeability captures the matrix structure
in rendering or facilitating the flux of propagules through it, so different species will respond differently
to it. For example, C. caudata is a very vagile species, so that propagules from Source spp. will always
reach the Target forest patch, no matter the Structural permeability value. Hence, the positive influence
of Propagules quantity on Sub population rate will be always active. The explanation for this is the
assumption is that C. caudata shows a patchy population which is defined as a population spread in
patches of habitat, but the high dispersal rates effectively unite patches into a single demographic entity
(Harrison 1991). Marini (2010) recorded high dispersal ability of this species in some Atlantic Forest
landscape, suggesting a patchy population (although he has not explicitly used this concept).

On the other hand, S. scansor and X. fuscus were considered lesser vagile species, so that Structural
permeability has a minimum effect on its ability to disperse and colonization capacity. Therefore the
influence of Propagules quantity on Subpopulation variation rate is only active if the value of Structural
permeability is equal or greater than High values. Figure 1 shows a model fragment that represents this
relationship. The other species are considered to have intermediate response (Structural permeability
threshold equal to Medium value). Model fragments similar to this one were used for other species, but
with different thresholds. Table 4 shows the species-specific thresholds beyond which the effect of
Propagules quantities on Subpopulation variation rate is active.

Additionally, we assume that Pyriglena leucoptera and Chiroxiphia caudata supplement on adjacent
Farmed matrix if food resources for these species (Insect abundance and Fruit availability) are above
the Medium threshold. Hence, we assume that if Insect abundance is equal or greater than Medium,
Insect abundance positively affects Sub population variation rate associated with Pyriglena leucoptera
(Figure 2) and if Fruit availability is equal or greater than Medium, Fruit availability positively affects
Sub population variation rate associated with Chiroxiphia caudata. Hansbauer and co-workers (2010)
suggest that both P. leucoptera, and C. caudata, specially the last one, uses matrix as part of their home
range. Additionally, P. leucoptera can establish territories (although with much less abundance
compared to forest) in rustic shade-cocoa agroforests (Faria et al., 2006), and C. caudata have being
recorded feeding on fleshy fruits in high shaded coffee nearby forests (Goulart et al., 2009b).

3.4. Stochastic events occur on Target forest patch

11
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The model assumes that Stochastic events agent affect the Target forest patch via Stochastic events
quantity, to which we attributed an exogenous random behavior in the scenarios. Stochastic events
quantity is the magnitude of demographic and environmental variations, in other words, everything that
affect sub-population dynamics Target forest patch, excluding immigration (that is: birth, death and
emigration rates). This variable affects species differently, given their sensitivity to disturbances. We
used the classification of sensitivity to disturbances of human interference (e.g. habitat loss), following
Stotz and co-workers (1996). According to the authors, C. caudata, P. leucoptera, X. fuscus and S.
scansor have respectively low, medium, high and high sensitivity to disturbances. Because X. fuscus is
more abundant than S. scansor (Piratelli et al., 2008; Ferreira et al., 2009), we considered it to be
classified in a broader category "less sensitive species”, while S. scansor was considered "very sensitive
species". For less sensitive species (C. caudata and P. leucoptera), it is assumed that if Stochastic event
is greater than value Medium, it affects negatively Sub-population variation rate. For moderately-to-
highly sensitive species (X. fuscus), negative influence of Stochastic events is active if its value is greater
or equal to Medium. Finally, S. scansor, a very sensitive species, is always negatively affected by
Stochastic event, in spite of its values. Figure 3 shows a model fragment representing that, if Stochastic
events is equal or greater than Medium, this variable negatively affects Sub population variation rate
associated with Xiphorhynchus fuscus. Table 2 shows the threshold beyond which Propagules quantity
affect Sub population variation rate. Model fragments like the one in figure 3 were used to express such

relationships.

4. Scenarios

The current version of the model has scenarios to run 9 final simulations, five in which Farmed
matrix is subjected to agricultural intensification via effect of the Agricultural intensification entity and
four in which non-intensive practices are maintained (Agricultural intensification entity is absent).
One out of five of these intensive management scenarios assesses the influence of intensification on
farmed matrix variables without including forest patches and species. We ran simulations of four
scenarios in which each species and forest patches were included and other four scenarios each species
and forest patches were also included, but intensification was excluded. These last was considered the
"control" treatment and the difference between intensive and non-intensive scenarios, for each species,
was considered to be the effect of agricultural intensification. We hypothesis that N subpopulation

associated to each species would stabilize at lower levels in the intensive agriculture scenarios,
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compared to the scenarios in which non intensive practices are maintained. Additionally, we predict that
the effect of intensification should be greater on the more sensitive species with poor dispersal abilities.
Following, we identify an important set of initial scenarios which are the starting states for the
simulations.

Concerning the variables associated Farmed matrix, all simulations start with an initial scenario in
which Structural permeability is Maximum, Light incidence is Medium, Tree density and richness is
Maximum, Pesticide is Zero, Vertical complexity is Maximum, Fruit availability is Maximum, Insect
abundance is Medium, Heterogeneity among farm-plots is Maximum, and Predation risk is Medium.
This qualitative values characterize non intensive shade systems, such as agroforestry with relatively
high Structural permeability to birds (Uezu et al., 2008) and with no pesticide use or other intensive
farming practices.

The first scenario assessed the influence of agricultural intensification on matrix characteristics and
the initial scenario is shown in figure 4. Figure 5 represents the causal model obtained after the first
state of the simulation of the scenario "Agricultural intensification affects farmed matrix". Quantities
and derivate correspondences associated with the simulation are not shown in this figure for better
visualization.

Regarding the scenarios in which bird species and forest patches are included, in initial scenarios
Migration rate is Plus, Propagules quantity is Large, Stochastic events are Medium, Subpopulation
variation rate is Zero and N subpopulation is Medium values. Migration rate starts at Plus, Propagules
quantity associated with the Source spp. is Large. Figure 6 represents the initial scenario in which
Agriculture intensification affects Chiroxiphia caudata which inhabit the Target forest patch and is
eventually subjected to Stochastic events and arrival of propagules. We attributed an exogenous
behavior to Stochastic events quantity which is assigned with an exclamation mark. Figure 7 is the
causal model produced after the first state of the simulation of this scenario. Figure 8 represents the
initial scenario in which non-intensive practices are maintained and the influence of this on Sclerurus
scansor metapopulation dynamics (Stochastic events and arrival) is simulated. In this scenario, the
assumptions "Assume Vertical complexity, Spatial heterogeneity, Tree density and richness and
Pesticide correspond” and "Assume Vertical complexity define Insect abundance derivate™ are used in

all scenarios. This last assumption was used to reduce the number of states of the simulation.

5. Results
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5.1. Overall simulations

Figure 9 is the state graph produced after the simulation of the scenario in which Agriculture
intensification affects Farmed matrix. The full simulation of this scenario produced the total of 5 states,
one initial and one final. Figure 10 (a-i) shows the value history diagrams of eight variables included in
the simulation regarding the only possible behavior path [1,2,3,4,5]. Agricultural intensification leads to
a decrease of Heterogeneity among farm-plots, Vertical complexity, Tree density and richness, Insect
abundance, Fruit abundance and Structural permeability. On the other hand, intensification led to an
increase of Pesticides, Predation risk and Light incidence.

In the simulations in which species and forest patches are included, variables associated to Farmed
matrix follow the same pattern of the simulation described in Figure 10, while the scenarios in which
non intensive practices are maintained, the values of these variables are kept in the same values of the
first state (state 1). Pesticides is kept at Zero, and Heterogeneity among farm-plots, Tree density and
richness, Fruit availability, Structural permeability and Vertical complexity are kept at Maximum all
along the simulations. Light incidence is kept at Small value and Predation risk is kept at Medium.

The following simulations will assess the influence of matrix variables on persistence of the species
on the Target forest patch, comparing the intensive and non-intensive scenarios. Table 3 summarizes the
general trends of the results of how different species respond to intensive and non-intensive management

of the matrix.

5.2. Chiroxiphia caudata

The simulation of the scenario “C. caudata inhabits a forest patch embedded in a farmed
matrix subjected to agricultural intensification” produced a total of 203 states, being 9 initial
ones. For instance, in path [182,11,130,145,163,189,99,135,142,169,182], N subpopulation drops
from Maximum value (carrying capacity) to Zero following a re-colonization (Figure 11). This
cycle occurs because Stochastic events are kept at Very large all along the path leading to a
decline in N subpopulation variation rate, on the other hand, Propagules quantity associated with
Source spp. will positively affect. In another path, the N subpopulation stabilizes at Maximum.

On the other hand, the simulation of the scenario “C. caudata inhabits a forest patch
embedded in a farmed matrix in which non-intensive agriculture is maintained” produced 3 initial

states and a total of 13 states (Figure 12a). Value history diagrams show the stabilization of the N
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subpopulation in the non intensive scenario at Medium values in all possible behavior paths, as

the one shown in figure 12b.

5.3. Pyriglena leucoptera

Full simulation of the scenario “P. leucoptera inhabits a forest patch embedded in a farmed
matrix subjected to agricultural intensification” produced 9 initial states and a total of 137 states.
N subpopulation stabilizes at Maximum, as well as showed extinction/recolonization cycles. The
simulation of the scenario “P. leucoptera inhabits a forest patch embedded in a farmed matrix in
which non intensive practices are maintained” accounted for 3 initial states and 13 final ones. In

all possible paths, the N subpopulation stabilizes at Medium values.

5.4. Xiphorhynchus fuscus

Simulation of the scenario "X. fuscus inhabits a forest patch embedded in a Farmed matrix
subjected to agricultural intensification” scenario accounted for five initial and 72 total states.
Figure 13a show that, in a selected path, N subpopulation stabilizes at Zero (local extinction). In
this behavior path, Stochastic events are kept at Very large. Another possibility is stabilize at
Maximum, Small, as well as suffer the extinction/re-colonization cycles. The simulation of the
scenario “X. fuscus inhabits a forest patch embedded in a farmed matrix in which non intensive
practices are maintained” accounted for five initial and 110 total states. Figure 13b shows the
value history of the N subpopulation associated with a selected behavior path. Stabilization of N
subpopulation occurred at Small and Maximum. Extinction/recolonization cycles were also

present.

5.5. Sclerurus scansor

Simulation of the scenario “S. scansor inhabits a forest patch embedded in a farmed matrix
subjected to agricultural intensification” accounted for five initial and 88 total states. In this
scenario, N subpopulation stabilizes at Maximum, Small, Zero (Figure 14a) and showed
extinction/recolonization cycles. Concerning the simulation of the scenario “S. scansor inhabits a
forest patch embedded on a farmed matrix in which non intensive practices are maintained”

accounted for three five initial and 114 total states. The main trends of N subpopulation in the
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non intensive scenario are stabilization at Maximum and Small and colonization/recolonization

cycles (Figure 14b).

4. Discussion

In the intensive scenarios, N subpopulation associated with C. caudata and P. leucoptera
stabilizes at Maximum values or show extinction/recolonization cycles, while in the scenario in
which non-intensive practices are maintained, this variable stabilizes at Medium. Hence,
agriculture intensification led to the instability of C. caudata and P. leucoptera sub-populations
inhabiting Target forest patch. Despite of this, N sub-population could stabilize at higher levels
(Maximum) in the intensive scenario compared to non-intensive, which is an unexpected pattern
because both species forages on the matrix and the decrease in food resource is expected
negatively affect subpopulations. Therefore, the model indicates that agricultural intensification
can induce cycles of extinctions and recolonization in populations of C. caudata (Figure 11) and
P. leucoptera that would otherwise be kept stable if non intensive practices were maintained. The
response of these species were basically the same despite of the differences in their inputs (C.
caudata is assumed to be more vagile than P. leucoptera, see Table 4).

X. fuscus and S. scansor subpopulations also showed similar patterns in intensive and non
intensive scenarios. In the intensive scenario, N Subpopulation stabilizes at Maximum, Small,
Zero(Figure 13a. and 14b), and shows extinction/colonization cycles, while in the non intensive
scenario all these trends are possible except for local extinction (N subpopulation is at Zero). The
model indicates that agricultural intensification leads to local extinction with no further
recolonization in populations of X. fuscus and S. scansor (Figure 13a and 14a) that would suffer
extinction/recolonization cycles under non-intensive matrix management circumstances.

Despite of this, there are some differences in the response of X. fuscus and S. scansor that
worth noting for the ecological importance. In the intensive agriculture scenarios, the extinction
(N subpopulation stabilizing at Zero) occurred after eight states for X. fuscus (Fig 13.a) and six
states for S. scansor (Fig 14a). This indicates that there should be a time-lag in the extinction of
both species in response to matrix intensification, and that this lag should be smaller for S.
scansor, compared to X. fuscus. Delayed declines in population responses to habitat destruction
was first indicated by models (Tilman et al., 1994), and have been validated by empirical studies
(Kuussaari et al., 2009; Metzger et al., 2009; Vellend et al., 2006). We have also used other
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qualitative models to discuss time-lags in the ecological response to agriculture intensification of
the matrix (Goulart et al., 2010).The results of the present model indicate that populations of X.
fuscus and S. scansor may suffer future local extinction with no further recolonization, so that
many populations that still exist in small fragments embedded in a intensive managed matrix, are
only present because they have not paid the ecological debt. Ecological debt is defined as the
number or proportion of the population predicted to become extinct after a given habitat change
(Kuussaari et al., 2009). The fact that the ecological debt has not been paid, means that
population has not reached an equilibrium and that is responding to past landscape structure. This
has serious consequences to the conservation of these species, since the presence of these in small
fragments may be temporary. Despite of it, the exact time of this delay is unknown and empirical
studies should be conducted to assess this issue.

Hence, the results of the model indicate that the presence of X. fuscus and S. scansor on
small fragments of Atlantic forest embedded in an intensive managed matrix, as reported by Neto
(1998), may be highly susceptible to local extinction in the next years. X. fuscus is also found in
small forest fragments embedded in intensive managed matrix (Piratelli et al. 2008) and these
populations may also suffer local extinction in a near future.

Although there is no direct relationship between Agriculture intensification of the matrix
and Stochastic events that occur in the Target forest patch, Agriculture intensification can reduce
matrix permeability rendering recolonization that would happen after local extinction in non
intensive scenarios. Therefore, Agriculture intensification can act indirectly, reducing rescue
effects, and making population more susceptible to local extinction events. On the other hand,
Agricultural intensification can have direct effects on the supplementation behavior of C. caudata
and P. leucoptera.

The model was successful in addressing the problem proposed, but there are some
constraints. Several history values diagrams (e.g. Fig 13b), especially of Stochastic events and N
subpopulation show variables that, even being at their highest level, show derivates with positive
values which is physically impossible. This happened because of the random behavior of the
Stochastic events variable and its effect on N subpopulation variation rate, so that would be
impossible to use random exogenous behaviors without having such problems. We are aware of
this constraint but we suggest that the broad results would be similar if this problem did not

occur.
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4.1. Related work

Several models concerning how matrix characteristics affect animal dispersal have been
proposed (e.g. Revilla et al. 2004, Gardner and Gustafson 2003), but comparing these results to
ours is difficult because they use different technique, different target species and they analyze
other parameters not addressed by us. On the other hand, models on the impact of agricultural
intensification often focus on species inhabiting the agrienvironment (e.g. Benton et al. 2003,
Benton 2007, Butler et al. 2007) and do not analyze how intensification of the matrix affect
dispersal and metapopulation dynamics. Green and colleagues (2005) built a model focusing on
dynamic landscape composed of farmed areas and non-farmed areas (set-aside), assuming a
trade-off between agricultural yield and density of a given species on both farmed and unfarmed
areas (Green et al. 2005). The authors assume no relationships between farmed and unfarmed
areas (such as migration), but this assumption has been subject of criticism (Vandermeer and
Perfecto 2005, Goulart et al., 2009d; Perfecto and Vandermeer 2010). Here we assume that
agricultural intensification will not lead to forest loss, which is obviously an oversimplification,
as intensification often leads to deforestation (Angelsen and Kaimowitz 2001; Bélanger and
Grenier, 2002). Hence, the impact of agricultural intensification on forest species inhabiting real
landscapes must be greater than what the model’s results suggest.

In our model, the simulation of the same scenario could lead to stabilization at various
levels (from local extinction to carry capacity), as well as lead to stable cycles. Ecologists have
long recognized that population dynamics could lead to multiple stable states (May 1976, 1977)
and cycles (see Kendall et al. 1999 for a review on the topic), although their approach was
different from ours. For example, May (1976) showed how very simple first order difference
equations could lead to an array of behaviors from multiple stable points, bifurcation, stable
cycles and random fluctuations. In our model, we induce random (or chaotic) population
variations, associate this with the influence of matrix supplementation and the influx of
individuals from source areas, and assess the influence of matrix management on these variables
and consequently on populations. The result of the present study shows that under agricultural
intensification, population stability could occur at lower population numbers as compared to non-
intensive scenarios, so that many of these stable points were actually local extinction in the

intensive scenarios. These stable points or steady states are situations in which systems reach
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equilibrium and have also been called strong attractors (Tullos and Neumann 2006) or strange
attractors (Vandermeer and Yodzis 1999, Hasting et al. 1994).

Qualitative models allow understanding of bifurcation whenever there is an ambiguity
(branching) due to competing influences on the same variable. This feature of qualitative models
is clearly demonstrated when all the possible states produced in the simulation (envisionment) are
shown (MclIntosh 2003). Envisionment offers a framework for understanding complex concepts
in ecology, such as basin boundary collision (Vandermeer and Yodzis 1999) and chaos (Hastings
et al. 1993).

4.2. Potential of qualitative reasoning for solving ecological problems

In the present model, the input has several gaps, uncertainties and high variance (see
species description in the appendix). In spite of this, the qualitative model could support
reasoning with these incomplete data, showing a complex dynamics that would otherwise not be
captured by other models or by directly looking at the empirical data. Other authors have been
building predictive models in ecology and conservation (Salles and Bredeweg 2006, Tullos and
Neumann 2006) and they have been used to enhance understanding about conservation and
management of endangered species (Anatole 2009).

Because, decision makers cannot wait for field biologists to gather long-term precise
numerical data, we suggest that qualitative reasoning models should be considered as a tool for
predicting behavior of populations under different scenarios, fostering biological conservation
and management on the grounds of explicit causality representations. Hence, qualitative models
offer an unexplored potential to assist ecologists, conservationists and stakeholders reasoning
with imprecise and incomplete data.

Our model can be used by graduate and undergraduate students to support understanding of
some ecological concepts, such as source-sink-dynamics, rescue effect, matrix permeability,
random extinction, and landscape connectivity. It also could be used by stakeholders and
researchers in order to go further beyond the use of common sense about causal relations

involved in ecological systems.
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6. Conclusion

Here we describe a qualitative model developed to understand and predict the impact of
agricultural matrix intensification on the persistence of five understory birds endemic to the
Atlantic Forest. Agriculture intensification of the matrix may lead to extinctions/recolonization
cycles in populations that would otherwise remain stable in the non intensive scenarios (C.
caudata and P. leucoptera), as well as induce local extinction with no further recolonization on
populations which showed extinction/recolonization cycles in the non intensive scenario (X.
fuscus and S. scansor). Therefore the hypothesis of the work was confirmed for most species.
Despite of it, some non counterintuitive patterns appeared, such as the fact that, in the intensive
scenario C. caudata and P. leucoptera could stabilized at higher N subpopulation levels
(Maximum) compared to the non intensive scenario, in which N subpopulation stabilized at
Medium. It worth noting that other pathways are possible in the intensive scenario
(extinction/recolonization), while in the non intensive scenario there is only one possible path. It
seems that agriculture intensification leads to destabilization of the population. This could
involve declines, such as in the extinction/recolonization cycles, or decrease, such as in the paths

that stabilized at Maximum.

Overall, agricultural intensification may lead to a destabilization and local extinction by
affecting populations directly (decreasing food resources) and indirectly (reducing rescue effect).
Hence, we suggest that non-intensive farming practices (such as agroforestry, subsistence
farming and home-gardens) are done, and whenever they exist be conserved in the Atlantic Forest
biome. This would maintain or enhance food availability for forest birds that feed on the matrix,
as well as increase permeability of landscape for species that disperse through the matrix. In spite
of this, local extinction also happened in the non-intensive scenario, so that long term persistence
of the species is not guaranteed by non-intensive management of the matrix. Despite of this, the
results of the model should be analyzed with caution and empirical validation is recommended
before decision making and policies are done based on the model.

Qualitative reasoning was successful in predicting the impact of agricultural matrix
intensification on forest birds inhabiting small forest remnants in the Atlantic Forest. This would
not be possible using traditional numerical models, because the input data have low resolution
and many gaps. Furthermore, qualitative models have the potential to assist conservationists,

biologists and stakeholders because this approach: (1) guarantees the coherence and the
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correction of the inferences made from complex causal chains (see Rykiel, 1989); (2) enables
stakeholders to making predictions about the behavior of the system, even when large number of
variables affect the system; (3) enables the combination of heterogeneous variables (numerical
and qualitative); (4) enables modelers to express their knowledge about the systems’ functioning
and obtain a description of the systems’ behavior (conceptual models); (5) enables the modeler to

test different hypotheses for the same phenomenon.
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Figure captions

Figure captions

Figure 1: Model fragment representing the influence of Structural permeability
associated to the Farmed matrix on the influence of Propagules quantity associated with
the Source spp. on the N subpopulation variation rate associated with Sclerurus scansor
that inhabits the Target forest patch.

Figure 2: Model fragment representing that P. leucoptera supplements on adjacent
matrix, if food resources are above a threshold and reads as follows: If Insect
abundance is equal or greater than Medium, it positively influences Subpopulation
variation rate.

Figure 3: Model fragment representing the influence of Stochastic events on
Subpopulation variation rate associated to Xiphorhynchus fuscus and it reads as
follows: If Stochastic events is equal or greater than Medium, it negatively affects
Subpopulation variation rate.

Figure 4: Initial scenario in which agricultural intensification affects variables
associated with Farmed matrix.

Figure 5: Causal model of the first state of the simulation in which Agriculture
intensification affects Farmed matrix.

Figure 6: Initial scenario of the simulation in which the relationship among Agricultural
intensification, Farmed matrix, Source spp, Target forest patch, Immigrants,
Chiroxiphia caudata and Stochastic events are included.

Figure 7: Causal model of the first state of behavior path produced after the simulation
Agricultural intensification, Farmed matrix, Source spp, Target forest patch,
Immigrants, Chiroxiophia caudata and Stochastic events are included.

Figure 8: Initial scenario of the simulation in which the relationship among Farmed
matrix, Source spp, Target forest patch, Immigrants, Sclerurus scansor and Stochastic
events are included.



Figure 9: State graph of the simulation of the effect of Agriculture intensification on
Farmed matrix.

Figure 10: History values of selected variables of the scenario “Agricultural intensification
affects farmed matrix”. The numbers underneath the diagrams refer to the states of the behavior
path. Since, in this simulation, there is only one possible behavior path (that is, there is no
ambiguity), numbers are ordered consecutively.

Figure 11: History values of the N subpopulation associated to the C. caudata in the simulation
"C. caudata inhabits a forest patch embedded in a farmed matrix subjected to agricultural
intensification” in the path [182,11,130,145,163,189,99,135,142,169,182].

Figure 12: Behavior graph (Fig 12a) and value history of N subpopulation (Fig 12b) in the path
[10,12,2,15,6,10] produced after the simulation of the scenario “C. caudata inhabits a forest
patch embedded in a farmed matrix in which non-intensive practices are maintained”.

Figure 13: Value histories of the N subpopulation produced after two selected paths regarding
the simulation of the scenario “X. fuscus inhabits a forest patch embedded in a farmed matrix
subjected to agricultural intensification” (Figl3a) and “X. fuscus inhabits a forest patch
embedded in a farmed matrix in which non-intensive practices are maintained” (Fig13b).

Figure 14: Value histories of the N subpopulation produced in selected paths regarding the
simulation of the scenarios “S. scansor inhabits a forest patch embedded in a farmed matrix
subjected to agricultural intensification” (Fig 14a) and “S. scansor inhabits a forest patch
embedded in a farmed matrix in which non intensive practices are maintained” (Fig 14b).
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Table

Tables

Table 1: Entities/agents and the configurations to which they are associated

Entities/agents Configurations Entities
Chiroxiphia caudata inhabits Target forest patch
Pyriglena leucoptera inhabits Target forest patch
Xiphorhynchus fuscus inhabits Target forest patch
Sclerurus scansor inhabits Target forest patch
Pyriglena leucoptera forages on Farmed matrix
Chiroxiphia caudata forages on Farmed matrix
Emigrants are emitted from Source spp.
Farmed matrix has Source spp.
Farmed matrix has Target forest patch
Source spp. affect Target forest patch
Stochastic events affect Target forest patch
Agriculture intensification occurs on Farmed matrix

Table2: Entities and agents with the associated variables

Entity/Agent

Associated quantities

Farmed matrix

Agriculture
intensification
Stochastic events
Source spp

P. leucoptera

X. fuscus

S. scansor

C. caudata

Immigrants

Light incidence, Structural permeability, Fruit
availability, Insect abundance, Pesticide, Vertical
complexity, Heterogeneity among farm-plots, Tree
density and richness, Predation risk

Agriculture intensification rate

Stochastic events

Propagules quantity

N subpopulation, Subpopulation variation rate
N subpopulation, Subpopulation variation rate
N subpopulation, Subpopulation variation rate
N subpopulation, Subpopulation variation rate

Migration rate




Table 3: Variables used in the model, their basic definition and associated quantitative

spaces
Quantities Quantitative spaces Definition

Agricultural intensification Zero and Plus Rate to which intensive agricultural
rate practices are added or subtracted to the

Fruit availability

Heterogeneity among farm-

plots

Insect abundance

Light incidence

Migration rate

N subpopulation

Pesticide

Predation risk

Propagules quantity

Stochastic event

Structural permeability

Zero, Small, Medium,
Large and Maximum
Zero, Small, Medium,

Large and Maximum

Zero, Small, Medium,
Large and Maximum

Small, medium and large

Zero and Plus

Zero, Small, Medium,

Large and Maximum
Zero, Small, Medium,
Large and Maximum

Small, Medium and Large

Small, Medium and Large

Very small, Small,
Medium, Large and Very
large

Zero, Very low, Low,

Medium, High, Very high

and Maximum

system.

Relative amount of fleshy fruits available
in the Farmed matrix.

Relative degree to which farm-plots vary
among themselves regarding crop species.
(beta diversity of crops).

Relative abundance of arthropod in Farmed
Matrix.

Relative amount of light that reach ground
in the Farmed matrix.

Rate to which propagules are emitted from
Source spp..

The

subpopulation of a given bird species

number of individuals in the
inhabiting the Target forest patch.

Relative amount of pesticide to which
Farmed matrix is subjected.

Perceived and actual risk of the bird being
preyed in the Farmed matrix.

Relative amount of individuals of the four
bird species that emigrate from Source sp
and arrive successfully in Target forest
patch.

bird

subpopulations suffer from environmental

Relative  degree to  which

and demographic stochastic variations.
Matrix permeability is defined in terms of
physical and biological characteristics that
facilitate or render the flux of propagules
through it. The term 'Structural' was used
the  matrix

to  distinguish physical

characteristic from the species-specific




perception.

Subpopulation variation  Minus, Zero and Plus Direction to which N subpopulation is
rate varying.
Tree density and richness Zero, Very low, Low, Relative density and richness of trees in the

Medium, High, Very high Farmed matrix.
and Maximum
Vertical complexity Zero, Small, Medium, Amount of vegetation layers that enhance

Large and Maximum vertical heterogeneity at local scale.

Table 4: How colonization by the different species respond to matrix permeability

Species Condition (If Structural permeability...)  Effects on Subpopulation

variation rate

C. caudata Yes
P. leucoptera ... 1s equal or greater to Low Yes
.. is smaller than Low No
X. fuscus ... 1s equal or greater to High Yes
.. is smaller than High No
S. scansor ... is equal or greater to High Yes

.. is smaller than High No




Table 5: How Stochastic event on the Target patch differently affects selected species

Species Condition (If Stochastic event...) Effect on Subpopulation
variation rate
C. caudata ...is equal or greater to Medium Yes
...is smaller than Medium No
P. leucoptera ...1s equal or greater to Medium Yes
...is smaller than Medium No
C. lineata ...1s equal or greater to Medium Yes
...is smaller than Medium No
X. fuscus ...is equal or greater to Medium Yes
...is smaller than Medium No
S. scansor Yes




Table 6: Summary of the general trends of how N subpopulational of species responds to

intensive and non-intensive management of the Farmed matrix.

Species

Intensive management

Non- intensive practices are

maintained

Chiroxiphia caudata

Main trends

Pyriglena leucoptera

Main trends

Xiphorhynchus fuscus
Main trends

Sclerurus scansor

Main trends

Initial states: Total states : 203
Extinction/recolonization (cycle)
Stabilize at Maximum (cycle)
Initial states:9 Total states:137
Stabilize at Maximum (cycle)
Extinction/recolonization (cycle)
Initial states:5 Total states: 72
Stabilize at Maximum (no cycle)
Stabilize at Small (no cycle)
Extinction/Recolonization (cycle)
Extinction (no cycle)

Initial states:5 Total states: 88
Stabilize at Maximum (no cycle)
Extinction/recolonization (cycle)
Stabilize at small (cycle)
Extinction (no cycle)

Initial states:3 Total states: 13
Stabilize at Medium (cycle)

Initial states:3 Total states: 13

Stabilize at medium (cycles)

Initial states:5 Total states: 102
Extinction/recolonization (cycle)
Stabilize at Maximum (cycle)

Stabilize at Small (no cycle)

Initial states:5 Total states: 114
Stabilize at Maximum (cycle)
Extinction/colonization (cycle)

Stabilize at Small (no cycle)







Supplementary Data

Online supporting material: Appendix 1

Table 1: Relevant ecological characteristics of the species and sensitivity to disturbs according to Stotz et al. 1995.

Species Sensitivity  Other relevant informations
to disturbs

Chiroxiphia Low Animals of this species have been recorded spontaneously crossing 130 m of

caudata pasture matrix (Uezu et al., 2005), while experiments using playbacks showed that
birds are reluctant to cross more than 80 m of open matrix (Boscolo, 2007). The
home-range of C. caudata varies from 1.6 to 15.6 ha and in and exceptional case,
one female used 460 ha (Hansbauer et al., 2008). In spite of the apparent mobility
in the landscape, this species has limited genetic flux and high genetic isolation
between populations, even in the continuous forest without geographical barriers
(Francisco et al., 2007).

Conopophaga medium Populations of fragments have bigger tarsus and larger wings, which may enhance

lineata higher dispersal abilities (Dantas et al., 2009) suggesting that, despite of the fact

that this species can be found in very small forest patches (Ribon, 1998),
fragmentation have morphological effects on populations. Populations from
fragments have also greater fluctuating asymmetry (morphological differences

between left and right body side) suggesting that populations of small fragments are




Pyriglena medium

leucoptera

Xiphorhynchus ~ Medium-to-

fuscus high*
Sclerurus High
scansor

less “healthy” when compared to populations inhabiting large forest tracks
(Ancides and Marini, 2000).

Contradictory results show that this species does not occur on small to medium
(<60 ha) forest patches in some localities (Christiansen and Pitter 1997). On the
other hand, in some other places it may occur in forest fragments larger than 4 ha
(Ribon 1998). P. leucoptera has the ability to spontaneously cross 60 meters in
pasture matrix (Uezu et al. 2005). However, playback experiments showed that this
species avoids crossing up to 45 meters in open habitats (Awade 2009).

In some localities, the species does not occur in forest fragments smaller than 10 ha
(Maldonado-Coelho and Marini 2000). Soares e dos Anjos, (1999) found this
species in a fragment of 650 ha, but not in patches smaller than this. However,
Piratelli and colleagues (Piratelli et al., 2008) found it in forest fragments larger or
equal to 4 ha. The presence of this species in forest patches is affected by the
distance of the nearest neighbor (Ribon, 1998). It has limited capability of gap-
crossing, so that birds avoid crossing more than 100 m in a single flight (Boscolo et
al., 2008).

A study in Argentina showed that this species does not occur in fragments smaller
than 100 ha (Giraundo et al., 2008). Antunes (2005) recorded the local extinction of
this species in a 1450 ha forest fragment. Despite of these results, this species have

been recorded in 8 ha forest fragments (Neto et al., 1998) and in small riparian




forest (MA Marini, personal communication). Contradiction is even greater
because this species avoids edges (Hansbauer et al., 2010) which should constrain
its establishment in small fragments. Concerning dispersal range, capture-recapture

studies recorded this species crossing 150m in a savanna matrix (Marini, 2010).

*Although Stoz et al. (1995) consider it a species “highly sensitive to disturbs”, we classify it in a lower category of relative sensitivity to differ it

from S. scansor which is notably more sensitive than the former (personal observation)
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and forests forming a naturally heterogeneous landscape representing the home for an enormous amount
of endangered bird species. In this paper, we present a qualitative reasoning model to compare impacts
of intensive farming and traditional management on bird communities inhabiting a mosaic of savanna-
forest landscape in the Brazilian Cerrado ecoregion, by using non-numerical knowledge and explicit
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Heterogeneity is a key process to maintain diversity in agricultural landscapes.

© 2012 Published by Elsevier B.V.

1. General introduction
1.1. Ecological background

The Cerrado is the largest, richest and possibly the most threat-
ened tropical savanna in the world (Silva and Bates, 2000). It is
characterized as a mosaic of grasslands, woodlands, dry savannas
and forests forming a naturally heterogeneous landscape (Eiten,
1972). Due to this high levels of biodiversity and threats, where
almost half of its 12,600 plants species are endemic (Mendong¢a
et al,, 2008), the region is considered as a world conservation
hotspot (Myers et al., 2000). Despite this fact, the Cerrado has
been historically neglected by conservation actions, and treated as
a “forgotten ecosystem” (Marris, 2005). The fact that only 6.2% of
the biome is maintained by protected areas (Myers et al., 2000)
highlights this, and the need of increasing the number and size of
the reserves is clear. Despite of it, in places where is not possible
to establish parks because of social, political or historical factors,
human activities with low impact should be encouraged.

* Corresponding author. Tel.:;\r55 3134966523.
E-mail address: goulart.ff@gmail.com (F.F. Goulart).

0167-8809/$ - see front matter © 2012 Published by Elsevier B.V.
http://dx.doi.org/10.1016/j.agee.2012.09.011

Although the records of agriculture practices in the Cerrado
dates around 6 hundred years ago (Ribeiro, 2005), modern inten-
sive agriculture, especially soybeans plantations, are nowadays the
main driver of habitat loss (Carvalho et al., 2009). As in other parts
of the world, farmlands of the Cerrado have come through signif-
icant changes in the last 30 years. Technological advances have
deeply impacted farming practices, biodiversity distribution and
sociocultural aspects of farming (Goulart et al., 2009). Although
many regions have changed into high-tech agriculture, many farm-
ers still live in a traditional way, using farming practices not much
different than centuries ago (Altieri, 2002). Still, modern agricul-
ture is facing wide expansion and great part of the world farmlands
are intensified or on their way to intensification (Balmford et al.,
2005).

This is very clear in the Brazilian Cerrado ecoregion, where
256,000 km? is composed by intensive pasture and monocultures
and 232,000 km? is composed by native pasturelands character-
ized by managements with low technological level, and this area is
shrinking under the pressure of intensive farming expansion (IBGE,
1998; Diniz-Filho etal.,2009). The Cerrado has been also considered
a ‘strategic’ region for the intensive production of soybeans and cat-
tle for exportation, so that agribusiness expansion is predicted in
the region for the next years (Klink and Machado, 2005).

Please cite this article in press as: Goulart, F.F., et al., How do different agricultural management strategies affect bird communities inhabiting a
savanna-forest mosaic? A qualitative reasoning approach. Agric. Ecosyst. Environ. (2012), http://dx.doi.org/10.1016/j.agee.2012.09.011
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Because a significant part (if not all) of the Cerrado is already
altered by humans at some degree, to understand how different
farming practices affect biodiversity is keynote to define strategic
actions toward to its biodiversity conservation.

We aim at producing a qualitative model comparing the impacts
of two farming practices on bird communities inhabiting mosaics
of savanna and forest in a naturally patchy Brazilian Cerrado
landscape. We also assess the predicted impact of both farming
practices on three groups of bird species, classified according to
different matrix uses.

1.2. Back ground on qualitative reasoning

Qualitative reasoning (Weld and de Kleer, 1990) is an area
of Artificial Intelligence that provides techniques to build sim-
ulation models of physical systems and allows reasoning with
scarce, imprecise and non-numerical data. This approach was
chosen because the understanding of how different farming prac-
tices affect bird communities requires comprehension of different
species dispersal ability, territory size and sensitivity to distur-
bances. Information about these topics in Cerrado areas is scarce,
sparse and often documented in qualitative ways. Thus, sensitive
numerical models cannot be developed based on the available data.
So, conservationists, decision makers and policy makers are not
able to formulate hypotheses or simulate the outcomes of alterna-
tive scenarios and management practices. Therefore, the present
qualitative model focuses on the prediction of effects of differ-
ent management practices (traditional vs. intensive) on birds using
scarce and punctual data.

In qualitative models that adopt the Qualitative Process The-
ory (Forbus, 1984), continuous properties of the system objects
(entities) are modeled as quantities. Relations between quantities
include causal dependencies of two types: direct influences (I+ and
I-) and qualitative proportionalities (P+ and Pi-). Direct influences
represent processes and are assumed to be the initial cause of
changes in the system and qualitative proportionalities are the
effects of process propagation. Like number, a variety of qualitative
representations of mathematical relationships have been devel-
oped (Forbus, 1996).

In qualitative reasoning models, relationships (both direct
influences and proportionalities) have mathematical and causal
meanings. Therefore, qualitative models use compositional qualita-
tive mathematics for ordinary differential equations, which means
that this technique uses a non-numeric mathematical reasoning.
It also formally represents causality of complex systems through
state dependent causal models.

2. Farming practices and effects on birds

Agricultural intensification is associated to the Green Revolu-
tion, a consequence of the expansion of the capitalist economy
based on the replacement of traditional farming by mono-specific
systems heavily dependent on the use of machinery, irrigation
systems, fertilizers and pesticides (Altieri, 1999). Although each
intensive crop system has a particular structure (e.g. single-species
forestry stands are different from annual crop monocultures), most
of them are based on the same basic principles: high input and out-
put of energy and matter (Angelsen and Kaimowitz, 2001) and low
spatial-temporal heterogeneity (Benton, 2003). Impact of agricul-
tural intensification on biodiversity is widely recognized as one of
most significant threats to biodiversity worldwide (Benton et al.,
2003; Donald and Evans, 2006). Agricultural intensification nega-
tively impacts in-farm biodiversity through use of pesticide, farm
size reduction and heterogeneity reduction. Concerning biodiver-
sity that lives in adjacent areas to agricultural systems, agriculture

intensification leads to the decrease of landscape permeability to
species fluxes (Perfecto and Vandermeer, 2010).

One of the most well documented impacts refers to the con-
sequences of pesticides on birds, described half a century ago
(Carson, 1962). At a physiological level, pesticides increase the risk
of egg breakage by reducing egg shell thickness (Ratcliffe, 1970;
Mellink gt al., 2009), as well as causing changes in brain activity
(Busby et al., 1983). Consequently, pesticides may not only cause
population decline of birds inhabiting the agrienvironment (Fuller
et al., 1995; Brickle et al., 2000; Chamberlain et al., 2000), but also
negatively affect species inhabiting adjoining forest areas (Cooper
et al.,, 1990). Concerning spatial structure, agricultural intensifica-
tion reduces heterogeneity at farm level, between farms, regions,
and even between countries, leading to a severe biodiversity loss
(Benton et al., 2003).

Intensification also tends to increase farm size and reduces crop
diversity (Altieri, 1999). Farm management is related to its size, so
that small farms mean that each farmer management decision is
restricted to a smaller area (smaller farmed grain). In Europe, small
farms are known to support more bird richness and bird territories,
butterflies, bumblebees and herbaceous plant species in compari-
son to larger farms (Belfrage et al., 2005). In Brazil, agrarian reform
carried out based on agroecological principles replacing large tracks
of pasture with small home-gardens has favored forest bird species
(Uezu et al., 2008; Goulart et al., 2011).

Finally, intensification leads to the decrease in farmed matrix
permeability of organisms that inhabit native fragments in which
it is embedded, declining connectivity of agricultural landscapes
(Donald and Evans, 2006; Perfecto and Vandermeer, 2010). Never-
theless, empirical studies on how bird dispersion and colonization
are affected by agricultural intensification are rare (Donald and
Evans, 2006).

Traditional management, in turn, represents a wide range of
non-intensive cropping and livestock systems. These systems are
very diversified and unique in their structure, so that management
is much dependent on biodiversity, local environmental conditions
and cultural characteristics. Traditional management encompasses
many different practices such as subsistence farming, raising cattle
at low density on native grasslands, extractivism, home-gardens,
non-tillage farming and agroforestry systems. Management of
these systems is known to resultin high-habitat heterogeneity, har-
boring higher levels of biodiversity in comparison to more intensive
management practices (Perfecto et al., 1996; Greenberget al., 1997;
Faria et al., 2006; Marsden et al., 2006).

Classifying different management systems (intensive and non-
intensive)in terms of an environmental impact gradient is keystone
to land-use decision making at landscape scale. The status of bird
species is particularly useful to assess ecological impact of differ-
ent land use management system (Ormerod and Watkinson, 2000),
since they provide sufficient data on abundance and richness that
allows detailed analysis. Therefore, they can be used as bioindica-
tors representing other groups. Furthermore, they play important
ecosystem functions, such as plant dispersal, biological control, pol-
lination (Sekercioglu, 2006).

The work here described aims at presenting a theoretical eval-
uation of impacts of intensive and traditional agriculture on birds
inhabiting a forest-savanna mosaic in the Cerrado ecoregion. It also
hypothesizes that qualitative reasoning models are able to capture
main system behavior addressing issues of ambiguity and complex-
ity, and could be used to better understand ecological patterns in
agricultural landscapes.

Cerrado’s bird species were divided in three groups based on
their differential use of the forest-savanna mosaic: (a) forest spe-
cialist species, that inhabits forest but may migrate through the
matrix; (b) forest generalist species, that may feed, breed and
migrate through the matrix; and (c) non-forest specialist species,

Please cite this article in press as: Goulart, F.F., et al., How do different agricultural management strategies affect bird communities inhabiting a
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that may feed and breed within the Cerrado matrix but do not occur
in forest habitats. We followed the proposition of Silva (1997) for
forest dependence and Stotz et al. (1995) for sensitivity to distur-
bances.

3- Methods
3.1. General background

Current models on the ecological impact of farming mostly rely
on numerical and quantitative relationships (e.g. Donald et al.,
2001; Green et al., 2005). However, using numerical models is a dif-
ficult task as many ecosystems, particularly in tropical areas, basic
biological knowledge and good quality numerical data are lacking.
Basic ecological knowledge is also lacking in the case of the Cerrado
region, which can be illustrated by the recent discovery of new bird
species (Freitas et al., 2012). Because gathering detailed numerical
data often takes too long and is very expensive, and the alarming
biodiversity loss rates requires immediate actions, simple and pre-
dictive models for decision making are necessary (Balmford et al.,
2005; Benton, 2007).

Qualitative Reasoning (QR) models can be an option to overcome
this situation (Nuttle et al., 2009) Because data of ecological systems
are incomplete, fuzzy, uncertain, sparse and non-formalized (Salles
and Bredeweg, 2006), hampering the development precise numer-
ical models, and considering that mathematical models do not
capture well notions of causality and do not explicitly capture the
structural details of the system being modeled, qualitative reason-
ing has been successfully used in conceptual ecological modeling
(see the special issue of Ecological Informatics, 4(556): 261-412,
2009; Salles and Bredeweg, 2006; Salles et al., 2006). Qualitative
reasoning is an area of Artificial Intelligence that creates repre-
sentations for continuous aspects of the world, which support
reasoning with qualitative and incomplete information (Forbus,
1984).

3.2. Model development in Garp3

The model was implemented in Garp3 workbench
(www.garp3.org), a simulation engine that uses most of the
modeling elements of the Qualitative Process Theory (Forbus,
1984). In Garp3, the modeler defines the system structure by
linking Entities, which are physical objects or abstract concepts
that constitute the system, and Agents which are entities that
influence, but are not influenced by the system. Continuous prop-
erties of the entities that are relevant for describing the dynamics
of the system are represented as Quantities. These always have
two values, magnitude (the ‘amount of stuff’) and derivative (the
direction of change). The ordered set of possible values a quantity
can assume is its Quantity space, which is composed by points
interspaced by intervals. Points are landmark values, such as
means, zero and thresholds and intervals encompass a range of
possible quantitative values.

Garp3 uses a compositional modeling approach (Falkenhainer
and Forbus, 1991), by which domain knowledge is encoded as
standalone partial models called model fragments. A model frag-
ment contains information about objects, relationships with other
objects, quantities and their possible values, inequality statements,
causal dependencies, situations and conditions for processes to
start and stop. Given a specific scenario (with a description of the
system structure and the initial values of specific quantities), model
fragments are automatically combined by the reasoning engine in
order to compose a running simulation model (Salles et al., 2006).
Among the simulation outputs, Garp3 produces a behavior graph,
which includes: states, defined as specific situations found in the

modeled system, described by a set of specific values of quanti-
ties that occur together, reflecting a qualitatively unique behavior;
possible state transitions between those states which represent the
behavior of a modeled system, resulting in a sequence, the behavior
graph; value history diagrams describe how quantity values change
throughout a sequence of states (Bredeweg et al., 2009); and the
causal model, a diagram that combines all the direct influences and
proportionalities represented in the set of active model fragments
in each state. The causal models are a very useful tool because
whenever there is an ambiguity, Garp3 produces multiple behav-
ior paths, so that the modeler can inspect all possible behaviors of
the system and find an explanation for these paths, based on the
causality flow.

A. Detailed model description
A1 Dividing Cerrado,s bird species into three groups

To understand the impact of farmland intensification on
Cerrado’s birds, three groups (species that share ecological char-
acteristic and respond to environmental changes in a similar way)
were defined according to bird species sensitivity to disturbances
(Stotz et al., 1996) and relative dependence on forest habitat (Silva,
1995). These groups can be characterized as (A) forest specialists,
(B) forest generalists and (C) non-forest specialist species (Table 1).
Forest specialists are forest dependent species (Silva, 1995) with
medium to high sensitivity to disturbances (Stotz et al., 1996).
Species from group ‘A’ were assumed to breed and feed exclusively
in forests, and may use the matrix as a pass-through during dis-
persion or home range movements. These are often composed by
understory passerines insectivores (Stratford and Stouffer, 1999),
species that show mixed-flock behavior (Maldonado-Coelho and
Marini, 2004) and ant followers (Faria and Rodrigues, 2009). Large
carnivores and frugivores exclusive from forest interior are also
included in this category. Group ‘B’ is formed by species that show
semi-dependence on forest habitat (Silva, 1995) and low to medium
disturbance sensitivity (Stotz et al., 1996). These are often species
that inhabit forests, but can use agricultural landscape as a part
of their home range or breeding habitat (Tscharntke et al., 2008).
These forest generalist species often show great habitat and diet
breadth, with disproportionately greater richness of frugivores and
nectarivores (Tscharntke et al., 2008).

Finally, ‘C’ is composed of non-forest specialist species and
they occur independently from forest formations, inhabiting non-
forest physiognomies of the Cerrado, such as grasslands, shrublands
and savannas (Silva, 1995), showing medium to low sensitivity
(Stotz et al., 1996). Typical species of non-cultivable habitats, such
as rocky outcrops, were excluded, as the model represents birds
inhabiting landscape that could be subjected to agriculture.

2. Landscape description

The model assumes that two landscapes were converted into
two areas maintained under farming practice approaches accord-
ing to different degrees of intensity. Therefore in one situation the
Cerrado is turned into traditional management and in the other sit-
uation in intense management. Fig. 1 represents real landscapes in
the Cerrado region, to which our model could be applied.

It is assumed that only the matrix is directly affected by farm-
ing, so that matrix management does not influence forest loss.
This is obviously an oversimplification, as it is known that agricul-
tural intensification can decrease (Angelsen and Kaimowitz, 2001;
Balmford et al., 2005; Green et al., 2005) or increase deforestation
(Angelsen and Kaimowitz, 2001; Klink and Machado, 2005; Goulart
et al., 2009), according to the landscape characteristics (Fischer
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savanna-forest mosaic? A qualitative reasoning approach. Agric. Ecosyst. Environ. (2012), http://dx.doi.org/10.1016/j.agee.2012.09.011

249
250
251
252
253
254
255
256
257
258
259
260
261

262

263

264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

295

296
297
298
299
300
301
302
303
304
305
306
307
308


dx.doi.org/10.1016/j.agee.2012.09.011
Original text:
Inserted Text
1.3Methods1.3.1

Original text:
Inserted Text
4(5-6): 261-412, 

http://www.garp3.org/
Original text:
Inserted Text
2Detailed 

Original text:
Inserted Text
2.1

Original text:
Inserted Text
́s 

Original text:
Inserted Text
2.2


309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

GModel
AGEE42661-17

4 F.F. Goulart et al. / Agriculture, Ecosystems and Environment xxx (2012) Xxxx—-xxx

Table 1
Sensitivity to disturbs, forest dependence and classification used in the model.

Sensitivity to disturbs ~ Forest dependence (Silva, Model definition

Example of Cerrado birds

(Stotz et al., 1996) 1995)
Medium/high Dependent Forest specialist Tinamus solitarius, Penelope superciliaris, Basileuterus leucophrys, Antilophia galeata,
Arremon flavirostris, Conopophaga lineata, Hylocryptus rectirostirs,
ow Dependent/semi-dependent Xorest generalist Ara auricollis, Crotophaga major, Hemitriccus nidipendulus, Platyrichus platyrhynchos,

medium/low

kligh/medium/low )\ndependent Non forest specialist

Thamnophilus caerulescens, Synallaxis scutatus
Caprimulgus candicans, Falco sparverius, Suriri suiriri, Elaenia chiriquensis

etal., 2008). Overall, the increase of deforestation as a consequence
of agricultural intensification seems to be a rule, especially in the
Cerrado (Klink and Machado, 2005; Angelsen and Kaimowitz, 2001;
Brannstrom et al., 2008). However, the model assumes that riparian
forest will be preserved as demanded by Brazilian legislation.

The model describes a hypothetical landscape composed by
five entities: Cerrado matrix, Target forest patch, Neighbor forest
patches, Traditional management, Intensive agriculture and three
external agents: Emigrants, Investor and Folk knowledge (Table 2).
Quantitative spaces associated with these variables are shown in
Table 3.

Target forest patch is a small (3 <size <30ha) and spatially
disconnected (distanced by ~1km between fragments) from the
Neighbor forest patches embedded in the Cerrado matrix. Concern-
ing forest specialists, the model here described assumes a classical
metapopulation structure on Target patch because species can

Intensive farming
matrix

oy

suffer differential extinction risk than subpopulations in Neighbor
patches and these subpopulations are linked by migration. Oth-
erwise, populations of forest generalists are assumed to show a
‘Patchy population’ scheme, defined as a population that inhabits
a patchy landscape, however high rates of dispersal unite patches
into a single demographic entity (Harrison, 1991). Hence, subpop-
ulation of forest generalists inhabiting Target patch and Neighbor
patches are linked by high dispersal. Finally, non-forest species are
assumed to inhabit the Cerrado matrix as single populations.

The relationships that take place on the Cerrado matrix are
shown in Fig. 2. Non-forest variation rate affects Non-forest bird
richness positively (I+) and Non-forest species richness affects
negatively (Pi-) Non-forest variation rate via feedback loops that
stabilize the system. The relationship between Non-forest survival
and fitness and Non-forest sp variation rate evolves an inverse
correspondence between derivatives (dQ) showing that the

Natural
Cerrado matrix

Forest
patches

traditional
farming
matrix

Google

Fig. 1. Total extent of the Cerrado region is shown in grey in the top left map and three real landscapes to which the model could be applied. (a) is the Aguas Emendadas
Ecological Station (Federal District);}\b) is an intensive agricultural landscape within the Federal District; and}\c) is a traditionally managed landscape in Rio Pardo de Minas
municipality (Minas Gerais state). The model compares the conversion from a-like to b-like and a-like to c-like landscapes.
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Entities and agents with the associated variables.

}%‘ntity/agents

Variables

Cerrado matrix
Traditional management

Intensive agriculture
Target forest patch

Neighbor forest patches
Investor

Folk knowledge
Emigration

Food resources, Vegetation complexity, Horizontal heterogeneity, Nest site abundance, Predation riskANon—forest survival and fitness,

Non-forest variation rate, Non-forest bird richness

Annual fire, Cattle raising, Traditional farming rate, Plant extractivism, Subsistence hunting, Ethnoecology maintenance, Stallholder

agriculture

Monocultural management, Irrigation, Mechanization level, Cattle raising, Financial resources, Pesticides, Agricultural intensification rate
Forest generalist survival and fitness, Forest generalist variation rate, Forest generalist variation rate, Forest generalist richness, Forest
specialist survival and fitness, Forest specialist sp variation rate, Forest specialist richness, Water body

Propagule quantity
Financial investment rate
Knowledge cons rate
Migration rate

Table 3

Variables used in the model and associated quantitative spaces.

Variables

Quantitative spaces

Variable description

Annual fire

Cattle rising

Ethnoecological maintenance

Financial resources
Financial investment rate
Food resources

Forest generalist richness

Forest generalist survival and fitness

Forest generalist species variation rate

Forest specialist richness

Forest specialist species variation rate
Forest specialist survival and fitness

Horizontal heterogeneity
Intensification rate

Irrigation
Knowledge cons rate

Mechanization

Migration rate

Monoculture management
Nest site abundance
Non-forest bird richness
Non-forest species variation rate
Non forest survival and fitness
Propagule quantity
Permeability to forest species
Pesticide

Plant extractivism

Predation risk

Smallholder agriculture
Subsistence hunting

Traditional farming rate

Vegetation complexity

Waterbody

Maximum, Large, Medium, Small and Zero

Maximum, Large, Medium, Small and Zero

Large, Medium and Small

Maximum, Positive and Zero
Zero, Plus
Maximum, Large, Medium, Small and Zero

Very High, High, Medium, Low and Very low
Large, Medium and Small

Minus, Zero and Plus

Very high, High, Medium, Low and Very low
Minus, Zero and Plus

Large, Medium and Small

Maximum, Large, Medium, Small and Zero

Plus, Zero

Maximum, Large, Medium, Small and Zero
Minus, Zero and Plus

Maximum, Large, Medium, Small and Zero
Plus and Zero

Maximum, Large, Medium, Small and Zero
Large, Medium and Small

Very high, High, Medium, Low and Very low
Minus, Zero and Plus

Large, Medium and Small

Small, Medium, Large

Maximum, Large, Medium, Small and Zero
Maximum, Large, Medium, Small and Zero
Maximum, Large, Medium, Small and Zero
Maximum, Very high, high, Medium, Low
Maximum, Large, Medium, Small and Zero
Maximum, Large, medium, Small and Zero

Plus and Zero

Maximum, large, Medium, Small and Zero

Large, Medium and Small

Burning intensity to which Cerrado matrix is subjected. ‘Zero’ would be
unburned and ‘Maximum’ means that all area of the Cerrado matrix is
burned.

Livestock rate, so that ‘Maximum'’ is the carrying capacity and ‘Zero’ is
extinction.

Describes the direction to which Ethnoecological maintenance will vary
during a given time. We use Toledo’s definition on Ethnoecology, which is
the association of the ‘corpus’ (repertory of symbols, perceptions and
concepts about nature) and ‘praxis’ (set of actions that evolve material
appropriation of nature) (Toledo, 1992). The abbreviation “cons” refers to
construction and/or conservation in an effort to not consider traditional
societies as ‘living museums’ (Perfecto et al., 2009).

Economic input.

Rate to which investments are added to agricultural intensification.
Relative amount of fruits, invertebrates, vertebrates preys and scavenger
available for birds in Cerrado matrix.

Number of species in the forest generalist group.

Association of relative adult/juvenile survival and reproductive success of
the populations of the generalist.

Direction of change of Forest generalist spp richness.

Number of species in the generalist group.

Direction of change of forest specialist.

Association of relative adult and juvenile survival and reproductive
success of the populations of the forest specialist.

Measure of inter-farm plot diversity at a larger scale and it is basically the
diversity of management types.

Rate to which intensive agricultural practices are added or subtracted to
the system.

Relative irrigation system intensity.

Tendency of maintaining/constructing knowledge and experiences
towards traditional land use management.

Relative degree of machinery to which Cerrado matrix is subjected.

Rate to which propagules are emitted from Migration agent

Degree to which Cerrado matrix is converted in Monocultural
management. ‘Maximum’ means that the entire Cerrado matrix was
converted in single crop system.

Potential of the Cerrado matrix in providing appropriate nest sites for
non-forest species and forest generalists.

Number of species in the non-forest group.

Direction of change of forest specialist.

Association of relative adult and juvenile survival and reproductive
success of the populations of the non-forest species.

Relative amount of individuals of forest birds that emigrate from Neighbor
forest patches and arrive successfully in Target forest patch.

Defined in terms of physical and biological characteristics that facilitate or
render the flux of propagules through it (Vandermeer et al., 2008).
Relative quantity of pesticide to which Cerrado matrix is subjected.
Relative degree to which non-cultivable vegetables are harvested.
Relative perceived and actual risk of the bird being preyed on the Cerrado
matrix.

Degree to which Cerrado matrix is subjected to small scale agriculture.
Hunting pressure of forest and non-forest birds for subsistence

Rate to which traditional practices are added or subtracted to the Cerrado
matrix

Vegetation layers that vary according to vertical habitat heterogeneity at
local scale. It can be measured as indexes that account vertical and
horizontal variation in vegetation structure (e.g. Roth, 1976)

Relative quantity of water in Target forest patch
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Cerrado matrix

Food resources

Vegetation complexity )

( Non forest bird richness )

( Nest site abundance )

( Predation risk ) ( Non forest sp var rt)

@

=< Non forest survival and fitness

Fig. 2. Causal model representing the relationships that take place on the Cerrado Matrix entity in a given state produced after preliminary simulation. Solid line boxes
represent entities and dotted line boxes represent agents. All the following causal model diagrams will follow this symbology.

derivate of both variables co-varies inversely. Hence, if Non-forest
survival and fitness varies, Non-forest sp variation rate varies in
the same direction simultaneously. Derivate correspondences are
used to reduce number of states in the simulations and can be
used for either conceptual or operational purposes. Vegetation
complexity affects negatively Predation risk assuming that most
species inhabiting or dispersing through the Cerrado matrix are
‘cover-dependent’ (definition after Lima and Valone, 1991) in their
predator escape tactics. ‘Cover-dependence’ means that birds feel
safer in a habitat with greater wood cover because they find shelter
from predator attacks (Lima and Valone, 1991). To the best of our
knowledge, the only study about anti-predator behavior in the
Cerrado ecoregion concerns the Greater Rhea (Rhea americana) and
actually points out a ‘cover-independence’. In another words, it
has been suggested that birds feel safer in an open habitat because
they can see predators from great distances (Azevedo et al., 2010).
Nevertheless, Rheas inhabit open habitats of the Cerrado region
(Sick, 1997), and do not occur in woodland savannas (M.A. Marini
personal communication), which compose the landscape here
modeled. According to Lima and Valone (1991), habitat with
relative large wood cover, such as the woodland savannas, would
benefit ‘cover-dependent’ birds, therefore most of the species
inhabiting or dispersing through the Cerrado matrix are expected
to show this type of anti-predator response.

Fig. 2 shows the causal model of the relationship among relevant
quantities on the Farmed Matrix. All the following figures were
automatically produced by Garp3.

The model assumes that if the level of Horizontal heterogeneity
is above ‘Medium’ value, Horizontal heterogeneity negatively affects
Nest site abundance. On the other hand, if Horizontal heterogeneity
is bellow ‘Medium’, it positively affects Nest site abundance. This
non-linear relationship between landscape heterogeneity and bird
species can be explained by the fact that, at low levels of spa-
tial heterogeneity, habitat diversity is positively correlated with
species richness. At high levels of heterogeneity, landscape func-
tionality can be destroyed and patches will become too small
to hold territories and home-ranges (Machado, 2000). On the
other hand, Horizontal heterogeneity and Vegetation complexity will
always positively affect Food resources, as this relation has been
found for arthropod species (Weibull et al., 2003), and fruit avail-
ability (Goulart et al., 2011). Fig. 3 represents a relationship among

Cerrado Matrix, Target forest patch and Emigration in a given state
of the preliminary simulations. Feedback loops control Forest spe-
cialist richness and Forest generalist richness and their respective
species variation rate (Fig. 3). The model also states that if Nest
site abundance is greater than ‘Medium’ values, it positively affects
Forest generalist survival and fitness because they are able to breed
on the matrix. On the other hand, this influence is not active if
Nest site abundance is equal or less than ‘Medium’. In the state
represented in Fig. 3, Food resources and Nest site abundance are
above the threshold, so that this relationship is active in the causal
model and both will affect Forest generalist survival and fitness. This
relationship assumes that forest generalists can breed outside for-
est areas when breeding sites are present at sufficient availability.
For instance, Amazona aestiva and Ramphastos toco are forest gen-
eralists that can breed on home gardens (personal observation) in
the Cerrado region when tree hollows are present. ‘Medium’ value
threshold was established to allow comparison between non-forest
and forest generalists. Hence, the relationship between Nest site
abundance in the Cerrado matrix and Non-forest survival and fitness
is linear and involves no further conditions, while the relationship
between Nest site abundance associated with Cerrado matrix and
Forest generalist fitness and survival is non-linear and depends on
the status of Food resources and Nest site abundance. Although there
is no numerical data that enable us to establish this relationship, it
seems very plausible that forest generalist community will use the
matrix for breeding depending on its characteristics (Tscharntke
et al., 2008).

Additionally, the model here described assumes that if Food
resources associated with Cerrado matrix are greater than ‘Medium’,
Food resources have positive influence on Forest generalist survival
and fitness. Good quality matrixes supply forest species, and Cer-
rado bird,s are known to show this positive relationship as indicated
by Tubelis et al. (2004). Because forest generalists breed and feed
mostly on forest areas using the matrix as a supplementary habi-
tat, it is assumed that supplementation on the matrix would occur
above the ‘Medium’ threshold.

Propagule quantity from Neighbor forest patches affect Target
forest patch depending on the Permeability to forest spp associ-
ated to the Cerrado matrix. In the model, Permeability to forest
spp associated with the Cerrado matrix should be equal or greater
than ‘Medium’ value as a condition for Propagule quantity to cause

Please cite this article in press as: Goulart, F.F., et al., How do different agricultural management strategies affect bird communities inhabiting a
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Migration rt
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Cerrado matrix
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Fig. 3. Causal model representing the relationships among Cerrado matrix, Target forest patch and Emigration agent active in a given state produced after preliminary

simulations.

influence (P+) on Forest specialist variation rate associated to the
Forest Target Patch. In the case of Forest generalist sp richness,
Propagule quantity from Neighbor forest patches will always pos-
itively affect Forest generalist sp variation rate. Hence, we assume
that forest birds travel relatively long distance of non-forest habi-
tats in home-ranges and dispersal movements (Marini, 2010), and
as a general pattern, forest generalists move more than forest
specialists (Andrade and Marini, 2001; Hansbauer et al., 2010). Per-
meability to forest spp is positively affected by Vegetation complexity
and negatively affected by Predation risk. Vegetation complexity
is known to facilitate movements of forest birds among forest
patches (Antongiovanni and Metzger, 2005). First, many forest
birds need the physical structure of the vegetation for perching
during traveling because they cannot transpose large distances in
single flights (e.g. Woodcreepers, Boscolo et al., 2008). Secondly,
movements through the matrix are greatly affected by Predation
risk (Desrochers and Hannon, 1997) which is negatively related to
Vegetation complexity. It is assumed therefore that forest birds feel
safer from predators when dispersing through the matrix when
its physical structure is more similar to that of the forest habitat
(Robertson and Radford, 2009).

Concerning the variables associated with Forest Target Patch,
waterbody affects positively Forest specialist/generalist survival and
fitness. In the Cerrado ecoregion, forest bird richness is positively
related to streams and flooded areas inside forests (Marini, 2001).

A3 Intensive agriculture

Intensive farming practices are treated here as the sum of all pro-
cesses that usually acts together in a discrete space and time and
is represented as an entity of the model. Agricultural intensification
rate directly influences (I+) Mechanization, Irrigation, Pesticide, Cat-
tle rising and Monocultural management. All these features require
heavy private or public investment of financial resources, guaran-
teed by an external [nvestor agent (Burbach and Flynn, 1980).

Relationships between the entities jntensive farming and Cer-
rado matrix are shown in Fig. 4. This figure shows the causal
model representing the relationship among Investor agent and the
entities; ,'{ntensive farming and the Cerrado matrix. In Fig. 4, the

influence of Pesticide on Forest generalists/specialists survival and
fitness is not active because its value is lower than ‘Medium’. Pes-
ticide can also affect (P;-) Forest generalist[specialists survival and
fitness if Pesticide is greater than ‘Medium’ value.

4. Traditional management

Non-intensive traditional practices of the Cerrado of the Ser-
tanejo and or Geraizero’s management were captured by the model.
In fact, both Sertdo and Gerais are Portuguese words that refer to
woodland savanna and grasslands physiognomies typical of the
Brazilian Cerrado. In the model, traditional management entity
is associated to the following variables: (a) Smallholder agricul-
ture, which is subsistence mixed farming (e.g. cassava, beans, corn,
pumpkins, avocados, bananas, peppers among others [Bustamante
et al., 2010]); (b) Hunting, which is basically the use of bushmeat of
large birds (Rea americana, Crax spp., Penelope spp., Tinamus spp.,
Rynchotus rufescens) (Sick, 1997; Faria et al., 2009); (c) Annual fire,
a traditional management for native pasturelands. Fire is used to
stimulate plant re-growth, making the vegetation more edible to
cattle (Laraetal.,2010); (d) Cattle rising is characterized by livestock
raised at low density over large tracks of native grasslands. In the
model, Annual fire influences positively Cattle rising up to medium
values, but not beyond this value, to represent thatfraditional farm-
ing raises cattle at low densities. Thus, if Cattle raising is lower than
‘Medium’ level, then increasing of Annual fire will increase Cattle
raising. If Cattle raising is higher than ‘Medium’, Annual fire will not
affect Cattle raising (c) Plant extractivism, is characterized by non
timber products, such as fruit gathering (e.g. Cariocar brasiliensis,
Dipteryx alata, Stryphnodendron adstringen among others; Borges
Filho and Felfili, 2003; Silva and Egito, 2005; Oliveira, 2009) and
medicinal plants (Rodrigues and Carvalho, 2001; Vila Verde et al.,
2003), as well as timber products, like coal and construction (Le
Bourlegat and Costa, 2003).

To represent the influence of hunting on birds, the model
described here assumes that Subsistence hunting negatively affects
all three groups Survival and fitness, if each spp richness is equal or
above the ‘High’ threshold. This shows that hunting is selective to
some species (namely forest and non-forest large body frugivores)
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Investor

Financial invest rt

|
|

Intensive farming

Financ resources
( Cattle raising )

Food resources

@ ( Vegetation complexity )

Fig. 4. Causal model involving relationships among the agent Investor and the entities Intensive agriculture and Cerrado matrix produced after preliminary simulations.

so that below the ‘High’ richness values, birds that could be sub-
jected to hunting disappear and hunting is no longer possible or
kept at low pressure not affecting significantly the species Survival
and fitness.

The model assumes that, if Plant extractivism is equal or greater
than ‘Medium’, it negatively affects Vegetation complexity. The rela-
tionships among the entities Folk knowledge agent, fraditional
farming and Cerrado matrix are represented in the causal model
of Fig. 5. Note that in this state, neither Plant extractivism nor Cattle
raising affect Vegetation complexity because both variables assume
values below ‘Medium’.

5. Initial scenarios and diagram selection
Ten simulations were carried out (Table 4) and five scenarios
were chosen according to heuristic value and predictive pur-

poses, observing increasing complexity on graphic representations.
These scenarios represented relationships occurring in the Cerrado

Table 4

matrix, among forest groups and the Cerrado matrix, and two sim-
ulations concerned the influence of each agricultural system on
the Cerrado matrix characteristics. Concerning the impact of the
agricultural systems on birds, six simulations were carried out rep-
resenting the influence that intensive or traditional management
had on each of the three bird groups. These simulations were run
for predictive, as well as for representative purposes.

Simulations of management influences on both forest groups
produced a large number of states, so only the causal models pro-
duced by one of the initial states were used. The selection of state,
behavior path, and history values was arbitrary. This choice does
not mean that this path occurs more frequently or it is more impor-
tant than others. All the behavior paths produced by the simulations
were described in the results section. Some diagrams were included
for enhancing understanding and showing the dynamics of bird
groups under both agricultural systems.

In all the initial scenarios, Cerrado matrix is composed of a
mixture of native woodlands and shrublands in which Predation

Q7 List of the scenarios and the agent/entities involved and the.

Scenario

Entities/agents

Main goal

Relationships taking place at the Cerrado matrix
Relationship among forest birds and Cerrado matrix characteristics

Intensive agriculture effects on the Cerrado matrix characteristics
Traditional agriculture effects on the Cerrado matrix characteristics

Influence of intensive agriculture on non forest species
Influence of/'{raditional farming on non forest species

Influence of intensive agriculture on forest generalists

Influence of/'{raditional farming on forest generalists

Influence of intensive farming on forest specialists

Influence of;{raditional farming on forest specialists

Cerrado matrix

Emigrants, Neighbor forest patches, Target forest patch
and Cerrado matrix

lnvestor,}'\ntensive farming and Cerrado matrix

Folk knowledge, Traditional farming and Cerrado
matrix

lnvestor,A'ntensive farming and Cerrado matrix

Folk knowledge, Traditional farming and Cerrado
matrix

lnvestor,A'ntensive farming, Cerrado matrix, Target
forest patch, Neighbor forest patches and Emigrants
Folk knowledge, Traditional farming, Cerrado matrix,
Target forest patch, Neighbor forest patches and
Emigrants

Investor, }‘\ntensive farming, Cerrado matrix, Target
forest patch, Neighbor forest patches and Emigrants
Folk knowledge, Traditional farming, Cerrado matrix,
Target forest patch, Neighbor forest patches and
Emigrants

Graphic representation
Graphic representation

Graphic representation
Graphic representation

Prediction and graphic representation
Prediction and graphic representation

Prediction and graphic representation

Prediction and graphic representation

Prediction and graphic representation

Prediction and graphic representation
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Fig. 5. Causal model representing relationships among the agent Folk knowledge and the entitieskraditional farming and Cerrado matrix produced by a given state produced

after a preliminary simulation.

risk is high, Food resources and Nest abundance are ‘Medium’, Hor-
izontal heterogeneity and Vegetation complexity are ‘Maximum’ and
Permeability to forest species is ‘Large’. Species richness of non-forest,
forest specialists and forest generalists are ‘Very high’ in each of
the simulations. The results of the simulations are as follows:

- Results

The model here presented captured the relationships among
agricultural systems and bird groups at landscape level. By produc-
ing state dependent causal models, it was possible to understand
complex causal chains dynamically. The model was successful for

controlling complexity by selecting behavior paths, causal models,
and history value diagrams in a compositional fashion. The model
was also successful in predicting the impacts of traditional and
intensive farming on bird groups and understanding the causality
behind these predictions.

x-1. Simulations on the effect of jntensive farming on the three
bird groups

Concerning non-forest birds, decrease in Vegetation complexity
increases Predation risk, which thus decreases Non-forest survival
and fitness and consequently affects negatively Non-forest sp

Fig. 6. State graph produced after the simulation of the influence of intensive farming on non-forest species. Arrows indicate the transitions between states. Behavior path
{1-2-6-8-14-15-22} is highlighted and the value history associated to this trajectory is shown in Fig. 7.
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Cerrado matrix: Non forest bird richness

Very high

—©—©—©; High
®, Medium

\J= Low
®, ®, Verylow

1 2 6 8 14 15 22

Fig. 7. The value history Non-forest bird richness produced after simulation of the
influence of intensive farming on non-forest birds in one of the behavior paths.
Numbers underneath figures represent the behavior path to which the value history
is associated. Symbols within the white circles indicate the value of the first order
derivate (zero, positive or negative), which is the direction of change in the next
state. Small marks at the top left of the white circles are second order derivate,
which represent the value of the derivate in the subsequent state. All the following
value history diagrams will follow this symbology.

variation rate. Because of this, Non-forest sp richness declines from
‘Very high’ to ‘Very low’ values. The state graph produced after the
simulation on the effect of intensive farming on non-forest birds
highlighting the path {1-2-5-8-14-15-22} is shown in Fig. 6. The
value histories of selected quantities concerning this trajectory
are shown in Fig. 7. The causal model produced in one of the final
states {22} of this trajectory, is shown in Fig. 8. Although the
simulation produced more than one behavior paths, the overall
effect on Non-forest sp richness is the same.

Concerning the simulation on influence of jntensive farming
on forest generalists inhabiting Target forest patch, the decline
of Food resources and Nest site abundance on adjacent Cerrado
matrix associated with drainage of Waterbody by Irrigation leads
to a decline in Forest generalist survival and fitness. Nevertheless,
Propagule quantity from Neighbor forest patches positively influ-
ences Forest generalist survival and fitness, so that Forest generalist
richness is kept ‘Very high’. The value history of Food resources and
Forest generalist richness is shown is Fig. 9 in one behavior path
produced by the simulation is shown in Fig. 9. Although the sim-
ulation produced other possible behavior paths, overall effect on
Forest generalist richness was the same in all trajectories.

Regarding forest specialists, decrease in Permeability to forest
sp caused by association of reduction of Vegetation complexity and
increase of Predation risk on the Cerrado matrix negatively affects
forest birds. Hence, Forest specialist richness suffers decline in all
behavior paths. The value history of one behavior path produced
after simulation of the influence of jntensive farming on forest spe-
cialists is shown in Fig. 10. The causal model produced after the first
state of the simulation of Intensive agriculture on both forest bird
groups in shown in Fig. 11.

x-2. Simulation of the effect of fraditional farming on the three
species groups

Because of the contradictory effects of this management on
Non-forest variation rate, such as increasing Food abundance and Pre-
dation risk, Non-forest sp richness may be kept at ‘Very high’ values
or decline to ‘Very low’. Fig. 12 shows the state graph produced after
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Financ resources

Cerrado matrix

C Non forest bird richness)

@

( Non forest survival and fithess

e C Horizontal heterogg)

e e ( Vegetation complexity )
Predation risk

e

Nest site abundance

Fig. 8. Causal model representing all relationships active in state ‘22’ produced after simulation of the scenario in which}'\ntensive farming affects non-forest species.
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Fig. 9. The value histories of selected quantities resulting from simulation of the
influence of intensive farming on forest generalist birds.
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Fig. 10. The value histories associated with behavior of selected quantities resulting
from simulation of the influence of/‘{ntensive farming on forest specialist birds.
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Fig. 11. Causal model representing the influences active in the first state of simulation of the influence of)‘\ntensive farming on both forest groups.
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Fig. 12. State graph of the simulation of the influence of traditional on non-forest species. Arrows indicate the sequence of the states in different behavior paths. Behavior
path {1-2-15-19-25-28-33} is highlighted and the value history associated to this trajectory is shown)'\n Fig. 13.

Cerrado matrix: Non forest bird richness

© ® Very high
\J= High
\J) Medium
\J) Low

® Very low

1 2 15 16 25 26 33

Fig. 13. The value history of Non-forest bird richness resulting from simulation of the
influence of)'\ntensive farming on non-forest birds.

simulation of the effect of fraditional farming on non-forest birds
highlighting the behavior path {1-2-15-19-25-28-33}. The value
histories of selected quantities associated to this path are shown in
Fig. 13.

Fig. 14 shows the history values of Food resources and Non-forest
bird richness in one behavior path {1-5-9-19-22-29} produced after
simulation of the influence of fraditional farming on non-forest
species. Note that this behavior path is also present in the graph
state shown in Fig. 11. In this simulation Food resources increase, so
that Non-forest survival and fitness receive positive (Food resources)
and negative (e.g. Annual fire) influences. This causes ambiguity
on Non-forest survival and fitness, so that Non-forest richness may
decrease or maintain at ‘Very high’ levels. The causal model pro-
duced after the final state ‘33’ of this simulation is shown in Fig. 15.

Cerrado matrix: Food resources

O—0O—0O~ Max

@ Large
—©0—@ Medium
Small
Zero
1 5 9 19 22 29

Fig. 14. The value histories of Food resources resulting from simulation of the influ-
ence of){raditional farming on non-forest species in another possible behavior path.

Concerning the forest generalists, Subsistence hunting negatively
affects (P-) Forest generalist survival and fitness and thus decreases
Forest generalist sp variation rate. On the other hand, Propagule quan-
tity associated to Neighbor forest patches increases Forest generalist
sp variation rate thus increasing Forest generalist sp richness. Because
of the multiple forces acting positively and negatively on Forest
generalist sp variation rate and since many of these forces have a
condition based on quantity values, Forest generalist sp richness is
kept at ‘High’ values in all possible paths.

Regarding forest specialists, the decrease in Permeability to for-
est sp to ‘Medium’ (Fig. 16) maintains the relationship between
Propagule quantity and Forest specialist variation rate active. As a
consequence, Forest specialist richness is kept stable at ‘Very high’
in the only possible behavior path {1-2-3-4-5-6}. The causal model
associated to the initial state of simulation of the effect of fraditional
farming on both forest groups is shown in Fig. | 7.

6. Discussion

Qualitative models were successful to show the effect of two
types of agricultural management on the bird community inhabit-
ing a mosaic of savanna-forest in the Cerrado. The model showed
that qualitative models, by organizing heterogeneous knowledge,
and reasoning addressing the issues of complexity of ambiguity,
can be used to understand impact of agriculture intensification
on biodiversity. By highlighting causality, the model enhanced to
understanding the qualitative impact of traditional and intensive
agriculture on bird community. Garp3 produces several diagrams,
such as model fragments, causal models and behavior graphs. This
allows controlling complexity and hypothesis representation in
compositional way (see Falkenhainer and Forbus, 1991 for further
discussion on compositionality of qualitative reasoning).

f-1. Comparing the effects of management practices

Intensive farming leads to a decline of non-forest and forest
specialist species, while forest generalists are kept stable. On the
other hand, fraditional farming is predicted to lead to a decline or
maintenance of non-forest and maintenance of both forest species
groups. Intensive agriculture management may negatively affect
bird species through the direct effect of pesticides and machinery
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Folk knowledge

Knowledge cons rt
N

I+
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( Ethnoecology maintenance )

( Non forest survival and fitness )

Nest site abundance )\./
ey

( Non forest bird richness)

Fig. 15. Causal model representing all relationships active in state ‘33’ produced after simulation of the scenario in whichkraditional farming affects non-forest species.

use and indirectly by reducing spatial heterogeneity. Intensive
farming also impacted forest birds in a non-trivial way, such as the
impact of Irrigation on the forest waterbody. In the Cerrado region,
flooded areas inside forests are more important for bird richness
than forest fragment size (Marini, 2001). In Central Brazil there are
many irrigation pivots on Intensive agriculture farms withdrawing
large quantities of water form streams inside the riparian forest.
Looking from above, they make circles in the landscape (see Fig. 1b).

It is assumed here that the main impacts of traditional manage-
ment are hunting (Silva and Tabarelli, 2000), fire (Sendoda, 2009)
and cattle raising (Taylor, 1986). Hunting is a considerable threat
to tropical forests (Galetti, 2001; Peres, 2000, 2001) but, since it
concerns mainly large-body birds, it should not lead to a decline
of the whole avian community, but mainly large frugivores (Silva
and Tabarelli, 2000). Nevertheless, the impact of hunting should
not be neglected and environmental education projects should
be used to decrease the hunting pressure. Social aspects, such as

Target forest patch: Forest specialist survival and fitness

Large
O—0O—C0O—C0O—0O—O— Medium

Small

1 2 3 4 5 6

Fig. 16. The value histories of Forest specialists survival and fitness resulting from
one of the behavior paths produced after simulation of the influence ofxraditional
farming on forest generalist species.

income increase generally leads to a decrease in bushmeat pres-
sure (Loibooki et al., 2002; Wilkie and Carpenter, 1999), so that
public policies that increase income, wealth and education associ-
ated with an efficient anti-hunting fiscalization may contribute to
bird conservation.

In case of fire, most Cerrado bird species shows adaptations to
fire (Cavalcanti and Alves, 1997; Machado, 2000). However, long-
term effect on the bird community could be negative (Sendoda,
2009). A decrease in livestock densities and reduction in the fire
regime should attenuate the impact of traditional management
(Neely and Hatfield, 2007; Savadogo et al., 2007). Nevertheless,
it has been suggested that resting time, rather than animal den-
sity per se, may be the key for the sustainability of livestock
systems (Savory, 1999). Hence, educational programs that, jointly
with farmers, defy proper livestock managements, concerning fire
regime, livestock density and resting time, are necessary.

Other impacts of traditional management should be considered,
such as plant extractivism in plant communities (Peres et al., 2003;
Oliveira, 2009) that may alter vegetation structure and resource
base for animal species and consequently affect long-term bird
population dynamics.

With respect to intensive agriculture, it is unlikely that this
could be done with less impact, as it depends deeply on monocul-
tural management, pesticides, machinery and so on. Agricultural
intensification of savanna-forest landscapes should lead to a loss of
bird species, so that future richness of those landscapes might be
only a subset of today’s species. As forest generalist species are not
directly affected at the same degree as non-forest species and are
less sensitive than forest specialist species, it is likely that future
communities will be more restricted to forest generalist species.
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Fig. 17. Causal model associated to one of the initial states produced after simulation of influence of&raditional farming on both forest species groups.

f-2. Heterogeneity is the key

Habitat heterogeneity is long recognized to regulate commu-
nity diversity in ‘natural habitats’ (MacArthur and MacArthur,
1961; Pianka, 1966). Heterogeneity allows greater niche diver-
sity (MacArthur and MacArthur, 1961), as well as co-existence
of species that uses the same niche (Begon et al., 1996). The
incorporation of heterogeneity in models based on predation (e.g.
Lotka-Volterra and Nicholson-Bailey systems [Beddington et al.,
1978]), shows that heterogeneous environments allow stabiliza-
tion of predator-prey dynamics. This is corroborated by empirical
data (Paine, 1969).

Concerning the effect of matrix heterogeneity in metapop-
ulation dynamics, Gustafson and Gardner (1996) built an
individual-based dispersal model to assess the effect of matrix
heterogeneity on emigration and immigration rates. Results were
not clear, so that heterogeneity could enhance or decrease patch
occupancy probability. Other models corroborate these findings
suggesting that heterogeneity increases unpredictability of dis-
persal (Vandermeer and Carvajal, 2001; Revilla et al., 2004).
Vegetation complexity may facilitate forest bird movement, so
that a matrix composed by vegetation in early stages of regen-
eration (microspatially heterogeneous) is more permeable than
open matrixes, such as pasture (Stouffer and Bierregaard, 1995;
Antongiovanni and Metzger, 2005; Castellon and Sieving, 2006).
Therefore, a metapopulation embedded in a heterogeneous agri-
cultural matrix may allow species movements enhancing farm
landscape connectivity (Donald and Evans, 2006; Perfecto and
Vandermeer, 2010). Comparisons of the results found in the
present model with these previous works are hard because of
the differences in the modeling technique, target species and
landscape configurations. Nevertheless, the model described here
corroborates with the literature regarding the fact that increasing
heterogeneity of the matrix (in the present case caused by tradi-
tional management) may increase unpredictability of dispersal and
consequently increase unpredictability of community dynamics.

Concerning species inhabiting farmlands, Benton gt al. (2003)
have developed a brilliant and simple explanation for farm-
land diversity decline induced by spatial-temporal heterogeneity
decrease at different scales caused by agricultural intensification.

The model here described associates the effects of loss of matrix
heterogeneity on the species inhabiting the matrix and species
inhabiting forest patches embedded in this matrix as a consequence
of agricultural intensification. Coupling processes that act directly
on the farm matrix with metapopulation dynamics give the qual-
itative pattern of how agricultural intensification of the matrix
affects the overall bird community inhabiting the mosaic landscape.
The model described here assumes that heterogeneity influences
predation, which in turn influences species inhabiting the matrix
(non-forest), as well as species that use the matrix as a conduit
(forest species).

Associated to heterogeneity, predation is known to be one of the
major forces shaping communities (Gilinsky, 1984; Paine, 1969),
and can act directly causing mortality, as well as have non-lethal
effects though increased risk (Lima, 2009; Lima and Valone, 1991;
Whittingham and Evans, 2004). Risk of predation per se can greatly
influence community simply because birds will not settle at risk of
being predated (Lima and Valone, 1991).

It is assumed here that forest and non-forest species are ‘cover-
depended’ in their anti-predator escape tactics (Lima and Valone,
1991). This means that they perceive the heterogeneous environ-
ment with greater wood cover to be safer than open habitats,
because bushes, shrubs and trees may provide shelter from preda-
tors. Cover dependence is the most used escape tactics in bird
communities on grasslands with some level of wood cover (Lima
and Valone, 1991), so this must be true for savanna birds. Therefore,
Vegetational complexity is reduced by agricultural intensification,
which leads to higher predation risk (both perceived and actual)
(Whittingham and Evans, 2004; Brickle et al., 2000). Nest predation
is also negatively affected by heterogeneity (Bowman and Harris,
1980) and so is anti-nest-predator behavior (Martin, 1988).

Another important aspect of predation risk is that it affects not
only the community of the matrix, but may also be the major
component of matrix permeability for forest species. The explana-
tion for this is that forest species, when dispersing in a non-forest
matrix, face great predation risk (Bélisle et al., 2001; Boscolo et al.,
2008; Harris and Reed, 2002). One must notice that forest birds
are likely to be highly dependent on wood cover as a tactics to
escape their predator, since the natural habitats in which they live
are complex and with large wood cover. This is an explanation for
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the reluctance of forest species in crossing open habitat (Desrochers
and Hannon, 1997). Agricultural intensification, by reducing spa-
tial heterogeneity, especially the Vegetation complexity component,
can decrease matrix permeability by increasing predation risk. An
intensively managed matrix in Brazil has great abundance of birds
of prey (Carvalho and Marini, 2007). This great predator pressure
associated with a decrease in “safetyness” of the landscape can
hamper the movements of forest birds and the establishment of
non-forest birds.

The importance of relationships among heterogeneity, preda-
tion and farming practices on forest and non-forest species are
cleared by means of causal models. These diagrams have heuristic
value because they organize and formalize relevant relationships
of causality in order to better understand the modeled systems.

The ability of qualitative reasoning to produce state dependent
causal models is an important feature to understand the dynam-
ics of complex systems. In the present model, spatial heterogeneity
was expressed by the quantities Horizontal heterogeneity and Veg-
etation complexity. These quantities relates to Food resources, Nest
site abundance and Predation risk, associated to the matrix, which
thus affect Non-forest richness. Concerning forest birds, heterogene-
ity affect supplementation of generalist on the matrix, via Food
resources and Nest site abundance. It also influence forest special-
ists through Permeability to forest spp. Additionally, Predation risk,
by affecting Permeability to forest spp also affected forest specialists.
Therefore, by looking at the causal models, is possible to understand
how heterogeneity is linked to the main processes that support bio-
diversity in agricultural landscapes. Because intensive agriculture
reduces heterogeneity at several scales, its impact on bird com-
munity is predicted to be larger than traditional agriculture in the
Cerrado.

3. Potential of qualitative models for problem solving in ecology

Because biological data is fuzzy, imprecise and found essentially
at low resolution (Salles and Bredeweg, 2006), numerical mod-
els that rely on precise relationships may not account for natural
variance of data, so that unrealistic assumptions are often made.
Therefore, models that sacrifice precision to realism and general-
ity are necessary (Levins, 1966). The model described here aims
at understanding and predicting the broad impact of agricultural
intensification of the matrix on birds inhabiting a forest-savanna
mosaic. We do not see how this could be done using numerical
models because precise numerical relationships regarding birds
inhabiting heterogeneous landscapes are rare and in the case of
the Cerrado, absent. However, it is not likely that the model has
captured all relationships regarding the system in study (no model
could). Building qualitative models requires excluding relation-
ships that may exist in certain specific circumstances or at another
spatiotemporal scale, but may not be relevant for the systems over-
all dynamics. Obviously, deciding what is relevant and what is not
is far from trivial and there is always a risk of oversimplification.

For instance, in the case of the Cerrado, high atmospheric nitro-
gen, in part caused by agricultural intensification at global scale, can
alter plant community diversity (Jacobson et al., 2010). This could
have negative effects on bird species, however was not included
in the model. There is a possibility that fertilizers could affect bird
species by increasing nitrogen in plants and thus increase herbivore
abundance, which could affect birds positively because many feed
on insects. Because there is no empirical evidence that this could
affect communities at landscape scale, it was also not included in
the model.

Since qualitative model deals with imprecise data, variables are
assumed to span from qualitative values arbitrary defined in a the-
oretical ecological space. The quantitative spaces are defined by the
modeler according to the degree of resolution of the data available.

This procedure can induce to some degree of subjectivity on the
variable and on the relationship represented. We do not know pre-
cisely how the real world operates in terms of variations within of
the variables, correlation between variables and threshold values.
Also, qualitative modeling technique has other limitations, such as
the fact that it does not consider the intensity of the relationships.
Therefore, influences are either positive, negative or zero. This
increases the risk of overlooking or overestimating the influence
between variables. Additionally, qualitative reasoning simplifies
the representation of the systems, so that many behaviors may
sound counterintuitive and sometimes circular because insights of
outputs appear as assumptions implicit in the input. Despite of it,
there are many non trivial behaviors that can hardly be assessed by
traditional modeling. Reasoning about complex causal chains with
numerous linkages, such as the ones in the present model, is a hard
and sometimes impossible task. State dependent causal models
are useful representation of hypothesis regarding complex sys-
tems that have many relationships that are threshold dependent.
In the present model, many impacts of traditional management
are threshold dependent occurring only beyond certain degree of
management intensity. Intensive farming, on the other hand, may
impact communities continuously, having more overall impact on
the bird community. Causal models were helpful for understanding
these complex causal chains involving the effect of the agriculture
systems on bird community.

Finally, qualitative models have shown to be a powerful tool for
building ecological models and modelers should be encouraged to
use this technique to explore this type of modeling in their predic-
tive potentialities. Here, we present an example of how qualitative
reasoning can be used to predict behaviors of biological systems
under different scenarios, offering a causal framework for decision
making using sparse and fuzzy data.

A Conclusion

Qualitative modeling was successful to represent the impacts
of traditional and intensive farming on the bird community of
the Cerrado. Therefore, qualitative reasoning is a powerful tool for
understanding and predicting the impact of agricultural systems
on biodiversity. The causal model are representations of the causal
relationships taking place at a specific state, and have heuristic
value by capturing dynamic causality of complex systems, such as
the agricultural landscapes.

The model shows that both farming practices have negative
impact on the bird community supporting the idea that numerous
and large areas should be conserved without human influences (e.g.
parks). However, the two farming practices produced very different
relative impacts on birds. Intensive farming leads to the decline of
non-forest species because it directly influences the matrix. Con-
cerning forest species, generalists were kept stable and specialists
declined. This happens because intensive farming affects negatively
supplementation (behavior of using the matrix as an extra habi-
tat for feeding and defending territory) and migration through the
matrix (because it decreases Permeability to forest sp). Since for-
est generalists are more vagile and less sensitive than specialists,
rescue effect from Neighbor forest patches prevent the decline of
generalists associated to Target forest patch. Traditional manage-
ment destabilized non-forest birds, but had no effect on both forest
groups. Hence, concerning bird conservation, traditional manage-
ment should be preferable to jntensive farming.

Finally, due to human activities a great part of the world,s bio-
diversity has to sustain their lives in agricultural lands or natural
patches embedded in an agricultural matrix. Therefore, our model
could be applied to other patchy landscapes and results should
be understood beyond the Cerrado ecoregion. This is possible if
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basic knowledge, regarding matrix use by species and management
effect on the matrix is available.
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