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L& na roga tinha uma grande planta
um dia veio um bode e comeu,

mas a planta deixou uma semente
e veio uma formiga e a removeu,
levou para um lugar bem seguro
assim ela germinou e cresceu.

Um dia o bode ficou doente

sem agua e comida morreu;
mesmo debaixo da sombra
daquela mesma planta que nasceu.
(CASTRO, M. A,, 2024).



RESUMO

A criacdo extensiva de animais domésticos € muito comum e importante para muitas
familias em todo o globo. No entanto, taxas de lotacado mais altas que o recomendado,
como observado na Caatinga, podem impactar solo e vegetacéo, e essas alteracoes
podem culminar com efeitos negativos sobre a comunidade de animais e suas
interacbes mutualisticas com plantas. Nessa dissertacdo investigamos como a
exclusdo de caprinos pode recuperar a dispersao de sementes por formigas e a pés
disperséo, como a protecdo de sementes ja removidas e depositadas nos formigueiros
e arredores. Utilizamos um experimento de exclusdo estabelecido em 2015, como
parte do Projeto Ecolégico de Longa Duracdo (PELD-Catimbau), no Parque Nacional
do Catimbau, Pernambuco, Brasil. O estudo foi conduzido em 14 pares de parcelas
de 20 m X 20 m lado a lado, sendo uma parcela cercada com arame, impedindo a
entrada dos caprinos, e outra com o livre acesso destes animais. Avaliamos o nimero
de interacdes formiga-semente, consumo da estrutura atrativa (elaiossomo), taxa e
distancia de remogéo, bem como o destino de sementes de Jatropha mutabilis
(Euphorbiaceae) e Commiphora leptophloeos (Burseraceae). Avaliamos também a
abundancia e viabilidade das sementes em ninhos de Dinoponera quadriceps e areas
controle distantes dos ninhos. A exclusdo dos caprinos afetou positivamente a taxa e
a distancia de remocdo das sementes de C. leptophloeos. Ja para J. mutabilis foi
observado maior numero de interacbes nas areas de exclusdo, ndao havendo
diferencas nos demais processos estudados. A formiga D. quadriceps apresentou o
maior numero de interacfes e taxas de remocao de sementes, alcancando distancias
gue chegaram até 30 metros. No que diz respeito a pos-dispersdo, a abundancia de
sementes nos ninhos de D. quadriceps e arredores foi semelhante nas areas com e
sem caprinos. A viabilidade das sementes foi maior nas areas de exclusdo de
caprinos, e maiores nas areas controles dos ninhos. Esses resultados sugerem que a
criacao extensiva de caprinos pode influenciar a regeneracao da vegetacao, reduzindo
as chances de sementes viaveis serem removidas de baixo da planta-méae e
germinarem em locais favoraveis para o recrutamento de novos individuos. Por outro
lado, também indica que a exclusdo destes animais pode recuperar o servigo de
dispersdo de sementes em pelo menos uma das duas espécies estudadas e a
viabilidade de sementes. Esses achados em conjunto sugerem que medidas como

reducdo das taxas de lotacdo ou criacdo de zonas de exclusdo de caprinos é



necessaria para facilitar a regeneracao das florestas secas em ambientes modificados
pela acdo humana.
Palavras-chave: Criacao extensiva de caprinos; Dinoponera quadriceps; Exclusdo de

caprinos; Regeneracao; Testes com Tetrazdlio.



ABSTRACT

The extensive farming of domestic animals is very common and important for many
families across the globe. However, stocking rates higher than recommended, as
observed in the Caatinga, can impact soil and vegetation, and these changes may
result in negative effects on animal communities and their mutualistic interactions with
plants. In this dissertation, we investigated how goat exclusion might restore seed
dispersal by ants and post-dispersal processes, such as the protection of seeds
already removed and deposited in or around ant nests. We used an exclusion
experiment established in 2015 as part of the Long-Term Ecological Research Project
(PELD-Catimbau) in the Catimbau National Park, Pernambuco, Brazil. The study was
conducted in 14 pairs of 20 m x 20 m side-by-side plots, with one plot fenced with wire
to prevent goat entry and the other allowing free access to these animals. We assessed
the number of ant-seed interactions, the consumption of the attractive structure
(elaiosome), the removal rate and distance, as well as the fate of seeds of Jatropha
mutabilis (Euphorbiaceae) and Commiphora leptophloeos (Burseraceae). We also
evaluated the abundance and viability of seeds in nests of Dinoponera quadriceps and
control areas distant from the nests. Goat exclusion positively affected the removal
rate and distance of C. leptophloeos seeds. For J. mutabilis, a higher number of
interactions were observed in exclusion areas, with no differences in the other
processes studied. The ant D. quadriceps showed the highest number of interactions
and seed removal rates, reaching distances of up to 30 meters. Regarding post-
dispersal processes, the abundance of seeds in and around D. quadriceps nests was
similar in areas with and without goats. Seed viability was higher in goat exclusion
areas and greater in control areas of the nests. These results suggest that extensive
goat farming can influence vegetation regeneration, reducing the chances of viable
seeds being removed from beneath the mother plant and germinating in favorable sites
for the recruitment of new individuals. On the other hand, it also indicates that excluding
these animals can restore seed dispersal services for at least one of the two species
studied and improve seed viability. These findings collectively suggest that measures
such as reducing stocking rates or creating goat exclusion zones are necessary to
facilitate the regeneration of dry forests in environments modified by human activities.
Keywords: Extensive goat farming; Dinoponera quadriceps; Goat exclusion;

Regeneration; Tetrazolium tests.
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1 INTRODUCAO

A criacdo extensiva de animais domésticos constitui uma das principais fontes
de renda em ambientes aridos e semiaridos de todo o Globo (CHYNOWETH et al.,
2013; DIAS, 2020), onde populacdes rurais de baixa renda dependem dessa atividade
para subsisténcia (PEREIRA et al., 2004; NORI, 2007). No entanto, essa atividade
também representa uma significativa ameaca a biota desses ecossistemas, causando
degradacdo da vegetacdo e do solo (FERNANDEZ-LUGO et al., 2013; SCHUCK;
RIBEIRO, 2015), e comprometendo a provisdo de bens e servigos ecossistémicos
como disponibilidade de agua, nutrientes nos solos, regulacdo do clima e fornecimento
de alimentos (SCHUCK; RIBEIRO, 2015). A criacdo extensiva de caprinos, por
exemplo, pode ocasionar danos consideraveis a vegetacdo, afetando desde
individuos até comunidades e ecossistemas (FERNANDEZ-LUGO et al., 2013;
MENEZES et al., 2021; CAPO et al., 2022), tendo impacto na dinAmica de
regeneracdo e resiliéncia da floresta (PEREVOLOTSKY; HAIMOV, 1992). Esses
impactos podem prejudicar muitas das interacfes ecoldgicas que ocorrem no
ambiente, incluindo a disperséo e protecado de sementes realizadas pelas formigas.

Ao terem acesso a vegetacdo nativa, os caprinos podem se alimentar das
sementes presentes no solo, reduzindo a quantidade disponivel para serem
removidas pelas formigas (POL; VARGAS; MARONI, 2017; POL; MIRETTI; MARONE,
2022). O consumo da vegetacéo (SILVA; CEZAR, 2013) e o pisoteio do solo (LEAL;
VICENTE; TABARELLI, 2003; PARENTE; MAIA, 2011) pelos caprinos podem resultar
na destruicdo de ninhos de formigas, diminuindo o nimero de colénias (POL,
VARGAS; MARONI, 2017; POL; MIRETTI; MARONE, 2022), o que por sua vez, pode
reduzir os servigcos ecologicos de dispersado e pés-dispersdo que elas fornecem as
plantas (LEAL; ANDERSEN; LEAL, 2014; OLIVEIRA et al., 2019).

As formigas séo consideradas importantes dispersoras secundarias de
sementes (LEAL; WIRTH; TABARELLI, 2007; LEAL; LEAL; ANDERSEN, 2015; SILVA
et al., 2020), removendo-as das proximidades da planta-méae, diminuindo os efeitos
da predacdo denso-dependente e da competicdo entre plantulas (VANDER WALL;
LONGLAND, 2004), e levando sementes para seus ninhos onde os solos geralmente
sdo mais umidos, enriquecidos em nutrientes e propicios para a germinagao (LEAL,
2003; LEAL; WIRTH; TABARELLI, 2007; SILVA et al., 2020). Além disso, ao

enterrarem as sementes, as formigas promovem protecdo contra a predacéo por
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roedores (NESS; BRESSMER, 2005) e promovem o escape do fogo em ambientes
onde este é frequente (CHRISTIAN; STANTON, 2004). Além desses servicos de
disperséo, as formigas também protegem sementes depositadas ao redor de seus
ninhos e as plantulas que recrutam destas sementes contra insetos
predadores/herbivoros (i.e. promovem servicos de pds-dispersdo) (PASSOS;
OLIVEIRA, 2004; LOBO; TABARELLI; LEAL, 2011). A disperséo e pds-dispersdo por
formigas também pode atenuar as consequéncias negativas da reducdo de
dispersores primarios vertebrados, cujas populacdes estdo em declinio ou ja foram
extintas devido a defaunacdo de areas sob pressdo antropica (CAMARGO et al.,
2016). Dessa forma, as formigas oferecem varias vantagens as sementes,
aumentando suas chances de propagacdo bem-sucedida e o estabelecimento de
novos individuos. Investigar como essas interacfes sdo afetadas em areas com
pastejadores em florestas secas como 0s caprinos, criado de forma extensiva, torna-
se crucial para entender a regeneracdo da vegetacdo e a resiliéncia da floresta
(MOHAMMED et al., 2022).

Similar a muitas florestas secas em todo o mundo, a Caatinga, localizada no
nordeste do Brasil, sustenta milhdes de pessoas, a maioria das quais depende de
recursos florestais para sobreviver (SILVA; LEAL; TABARELLI, 2017; TABARELLI et
al., 2023). Praticas como a agricultura de corte-e-queima, extracdo de produtos
florestais madeireiros e n&do-madeireiros, caga e criacdo extensiva de animais
domésticos (MARINHO et al., 2016; MELO, 2017; RITO et al., 2017; ARNAN et al.,
2018; MARTINS BORGES; RIBEIRO; ALVES, 2023) sdao comuns nha regiao da
Caatinga e consideradas perturbacdes antrOpicas capazes de alterar diferentes
grupos de organismos em diferentes niveis de organizacao ecologica (SINGH, 1998).
Na criacdo extensiva de animais domésticos, os caprinos recebem bastante destaque,
adaptando-se muito bem na regido desde a sua introdug&o no século XVI (ROSA et
al., 2017; FORMIGA et al., 2020), complementando a renda de muitas familias
(PEREIRA et al., 2004; RITO et al., 2017; JAMELLI; BERNARD; MELO, 2021).
Aproximadamente 95% dos cerca de 12 milhdes de caprinos (IBGE) estédo
concentrados na regido nordeste (MAGALHAES; HOLANDA FILHO; MARTINS,
2021), sendo criados em sua maioria de forma extensiva, com acesso a vegetacao
nativa, o que pode impactar as populacdes e comunidades de plantas e animais
(GABAY et al., 2011; MANCILLA-LEYTON; PINO MEJIAS; MARTIN VICENTE, 2013;
MENEZES et al., 2021). Dessa forma, a Caatinga oferece um contexto interessante
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para investigar os impactos ecoldgicos desses animais em processo-chave
envolvendo a regeneracao e a resiliéncia da floresta.

Para abordar essa questao, experimentos envolvendo a excluséo de caprinos
proporcionam um excelente cenario para compreender os efeitos da criacdo extensiva
nos processos ecoldgicos. Nesse contexto, o Programa Ecoldgico de Longa Duragéo
PELD-Catimbau (https://peldcatimbau.com.br/) estabeleceu em 2015 um experimento
de exclusdo de caprinos constituido por 14 pares de parcelas de 20 X 20 m lado a
lado para controlar outras varidveis ambientais e biolégicas que ndo a
presenca/auséncia dos caprinos. Através dessa iniciativa, temos tentado entender
como 0s caprinos impactam a biota da Caatinga, desde o banco de sementes,
recrutamento de plantulas, passando pela diversidade e composicao de espécies de
comunidades de plantas herbaceas e lenhosas, até a produtividade do ecossistema e
as interacfes ecoldgicas como a dispersao de sementes providas por formigas.

Esta dissertacdo tem como objetivo investigar como a exclusao de caprinos
pode recuperar a dispersdo de sementes por formigas e a pos dispersdo, como a
protecdo de sementes ja removidas e depositadas nos formigueiros e arredores. Para
estruturar essa dissertagéo, as informacdes foram divididas em trés partes. A primeira
parte, fundamentacéo tedrica, esta subdividida em duas sec¢fes: (A) Além das grades:
impactos e beneficios da criacdo extensiva de caprinos, que aborda tépicos
relacionados a importancia e beneficios para as populagbes rurais de baixa renda,
bem como os impactos na vegetacdo e processos ecoldgicos; (B) Engrenagens
ocultas: explorando a interacdo formiga-planta na dindmica da regeneragéo florestal,
gue se concentra na importancia e beneficios das formigas para a regeneracao
florestal diante o pastoreio por animais. A segunda parte consiste em um manuscrito
gue discute “A excluséo de caprinos recupera o servico de dispersdo de sementes por
formigas e a viabilidade de sementes em uma Floresta Seca”, que sera submetido ao
periédico Journal of Ecology. Por fim, a terceira parte da dissertacdo é constituida

pelas consideracdes finais.

2 FUNDAMENTACAO TEORICA

As florestas tropicais sazonalmente secas (daqui para frente apenas florestas

secas) sao importantes repositorios de biodiversidade e desempenham um papel
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crucial na provisdo de diversos servicos ecossistémicos (MAASS et al., 2005),
incluindo a regulagéo climética, hidrica, do solo (LEWIS; EDWARDS; GALBRAITH,
2015). No entanto, aproximadamente 48% da area original de florestas secas do
Globo ja foram convertidas em campos de agricultura (HOEKSTRA et al., 2005, MILES
et al., 2006), e nas américas, essa conversao é ainda mais significativa, com uma
reducdo de até 72% na cobertura original (PORTILLO-QUINTERO; SANCHEZ-
AZOFEIFA, 2010). Além disso, as areas remanescentes também sustentam a
subsisténcia de milhdes de pessoas, que dependem principalmente dos recursos
florestais como a retirada de lenha para cozinhar, de madeira para atividades como
construcdo, além da coleta de frutos, sementes e de outras partes da planta para a
alimentacdo, remédio, artesanato e outras necessidades (SCHRODER; AVILA
RODRIGUEZ; GUNTER, 2021).

A Caatinga, o maior e mais diverso bloco de floresta seca dos neotrépicos,
ocorrendo inteiramente dentro do territério nacional (QUEIROZ et al., 2017), apresenta
alta diversidade de plantas (ZAPPI et al., 2015) e animais (GARDA et al., 2018). Assim
como as outras florestas secas, a Caatinga também abriga milhdes de pessoas que
dependem da extracdo de recursos florestais para subsisténcia (SILVA; LEAL,;
TABARELLI, 2017; TABARELLI et al., 2023). A caatinga também j& sofreu uma
significativa reducdo, com cerca de 89% dessa regido convertida em areas de
agricultura e pastagens abandonadas (ARAUJO et al., 2023). Além da convers&o, as
areas que ainda sdo cobertas por vegetacdo de Caatinga sofrem com a degradacéo
imposta pela agricultura de corte-e-queima, a coleta de produtos madeireiros e nao-
madeireiros, e criacdo extensiva de animais domésticos como meio de subsisténcia
(MARINHO et al., 2016; MELO, 2017; RITO et al., 2017; ARNAN et al., 2018;
MARTINS BORGES; RIBEIRO; ALVES, 2023).

Nesta secdo, abordamos aspectos relacionados a criagdo extensiva de
animais domésticos, com foco na criacao de caprinos na Caatinga, além de aspectos
envolvendo a disperséo e a protecdo de sementes por formigas. Para a selecédo dos
estudos, foram considerados artigos cientificos publicados entre 1963 e 2024 e
consultados a partir das bases de dados como o Google Académico, Periddicos

CAPES, Researchgate e outros sites de periodicos.

2.1 ALEM DAS GRADES: IMPACTOS E BENEFICIOS DA CRIACAO EXTENSIVA DE
CAPRINOS
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Neste topico, exploramos a histéria da domesticacao de animais, com énfase
na criagao extensiva de caprinos, uma pratica que foi crucial para o desenvolvimento
humano, fornecendo recursos alimentares, fonte de renda e contribuindo para a
estabilidade de diversas civilizagfes. A criagdo de caprinos € comum em todo o globo,
e, embora proporcione muitos beneficios, no modelo de criacdo extensiva, eles tém
acesso a toda a vegetacéo, o que acaba representando fortes riscos para a vegetacao,
nas comunidades de animais e interacfes ecoldgicas que sao cruciais no

ecossistema.

2.1.1 Criacédo extensiva de animais

Os primeiros registros de domesticacéo de caprinos (Capra hircus) datam de
cerca de 10.000 anos atras nas terras altas do Oeste do Ird (ZEDER; HESSE, 2000).
Devido a sua notavel capacidade de adaptacao e resisténcia a condi¢des climéaticas e
ambientais adversas (VAHIDI et al., 2014), bem como pela contribui¢cdo significativa
para a alimentacdo humana, como fonte de carne e leite (MORAND-FEHR et al., 2007;
WEBB; CASEY; SIMELA, 2023), a domesticacao desses animais foi crucial para o
desenvolvimento e estabilidade humana (ZOBEL; NEAVE; WEBSTER, 2019). No
entanto, apesar dos beneficios para a populacdo humana, a disseminacdo desses
animais para varias regides também trouxe preocupacdes, tendo em vista que sao
considerados invasores com potencial para causar a degradagao dos ecossistemas
(PARKES, 1990; GONCALVES; KOLOKOTRONIS; WHARTON, 2010).

A pecuaria extensiva é uma atividade amplamente praticada em todo o globo
(ESCARENO et al., 2012; CHYNOWETH et al., 2013; DIAS, 2020), e, especialmente
em regides mais pobres e aridas, muitas pessoas dependem dessa pratica como fonte
crucial de renda (PEREIRA et al., 2004; RITO et al.,, 2017; JAMELLI; BERNARD;
MELO, 2021). Os ganhos com a criacdo extensiva sdo diversos, incluindo a obtencéo
de carne e leite destes animais, bem como lucros provenientes da venda destes
animais (ESCARENO et al., 2012; MORALES-JERRETT et al., 2020). Essas
atividades servem como renda principal ou complementar destas familias, que
frequentemente carecem de emprego estavel e renda fixa, necessitando extrair

recursos das florestas ou criar animais desta forma, como um meio de sobrevivéncia
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(PEREIRA et al., 2004; ESCARENO et al., 2012; RITO et al., 2017; JAMELLI;
BERNARD; MELO, 2021).

Na criacdo extensiva, 0os animais sdo criados livremente, forrageando toda a
vegetacao nativa local (GUTIERREZ; BOER; ALVES, 1981; FORSYTH et al., 2002;
GABAY et al., 2011; WEHN; PEDERSEN; HANSSEN, 2011; VOLTOLINI et al., 2011;
JAMELLI; BERNARD; MELO, 2021; MENEZES et al., 2021). Geralmente, estes
animais pastam durante o dia e retornam para as suas instalacdes, os “currais”, de
seus proprietarios a noite (JAMELLI; BERNARD; MELO, 2021). Dependendo da
regido e das circunstancias dos proprietérios, pode ser fornecida uma alimentagéo
complementar para os animais. Entre bovinos, ovinos e caprinos, que sdo 0s animais
mais procurados em termos de criacdo e geracdo de renda, 0s caprinos sao 0s que
menos requerem alimentagc&do adicional, sendo bem resistentes e de excelente
adaptacao, procurando pelo seu proprio alimento e agua para beber (GUTIERREZ;
BOER; ALVES, 1981; WEHN; PEDERSEN; HANSSEN, 2011; VOLTOLINI et al.,
2011).

Esse sistema de criagcdo, no qual os animais tém acesso a vegetagao nativa,
é referido como um tipo de perturbac&o antrépica crénica (daqui para frente apenas
perturbacdes crbnicas), uma vez que envolve a remoc¢do continua de pequenas
porcdes de biomassa da floresta, sem causar perda e fragmentacéo de habitats como
as perturbacdes agudas o fazem (SINGH, 1998). Outros tipos de atividades
relacionadas com as perturbacdes cronicas sdo a extracdo de lenha e produtos
florestais ndo madeireiros e atividades de caca (SINGH, 1998; MARTORELL;
PETERS, 2005; ANDERSEN; LEAL, 2014; ARROYO-RODRIGUEZ et al., 2017;
LEAL). Apesar de perturbacbes cronicas terem comecado a ser avaliadas mais
recentemente, estudos indicam que estas podem afetar negativamente a diversidade
e a integridade de ecossistemas tanto quanto as perturbagdes agudas (RIBEIRO et
al., 2015, 2016; RIBEIRO-NETO et al., 2016; RITO et al., 2017).

A criacdo extensiva de caprinos pode causar grandes danos a vegetacao,
afetando desde o nivel de individuos até o nivel de comunidades e ecossistemas
(FERNANDEZ-LUGO et al., 2013; CAPO et al., 2021; MENEZES et al., 2021). Ao se
alimentarem de plantulas e individuos jovens, podem causar mortalidade de todo o
individuo (CAPO et al., 2021, LINS et al., 2022). O consumo de folhas, flores, frutos e
sementes também pode influenciar o crescimento e reproducédo dos individuos adultos
(GONZALEZ-PECH et al., 2015; TORRES-FAJARDO et al., 2022). Nos dois casos,



18

pode haver reducdo no tamanho e numero de populagdes, bem como, alteracdes na
distribuichio de espécies das plantas (SEVERSON; DEBANO, 1991;
PEREVOLOTSKY; HAIMOV, 1992; OBA, 1998).

A criagdo extensiva pode levar a alteragbes ndo apenas na diversidade de
espécies e em suas interagcdes, mas também na conversdo de areas de florestas em
vegetacdo aberta e arbustiva, onde gramineas proliferam, fornecendo alimento
adicional para os animais e diminuindo a cobertura florestal (WEHN; PEDERSEN,;
HANSSEN, 2011). Além disso, a introducdo de gramineas pode aumentar a
ocorréncia de incéndios florestais, levando a mudancgas nos nutrientes do solo e a
deslocamentos na vegetacao florestal em direcdo a estados alternativos estaveis
como vegetacdo arbustiva ou savanas (FUSCO et al., 2019), representando assim
ameacas significativas para as comunidades de plantas e para 0s processos e
servigos ecolégicos (FERNANDEZ-LUGO et al., 2013; SCHUCK; RIBEIRO, 2015).

2.1.2 Caprinos na Caatinga

N&o se sabe ao certo como se deu a chegada dos caprinos no Brasil, a
guantidade de caprinos e quais as racas que foram trazidas na época do periodo
colonial (PRIMO, 2004). A selecdo e o cruzamento de individuos, bem como a
introducdo de novas populacbes caprinas exoéticas, promovem uma perda na
diversidade genética (VIEIRA et al., 2015), trazendo dificuldades para a execucao de
estudos visando a origem dos primeiros caprinos que chegaram ao pais (RIBEIRO et
al., 2012). Um estudo envolvendo a diferenciacdo genética e estrutural de caprinos
nativos brasileiros e portugueses indicaram possiveis influéncias portuguesas
(RIBEIRO et al., 2012), sugerindo que alguns desses animais foram introduzidos pelos
portugueses e estabelecidos primeiramente na regiao nordeste, em Salvador, primeira
capital colonial, no século XVI (PRIMO, 2004; BARROS et al., 2011).

Semelhante aos padrdes globais, a criacdo de caprinos no Brasil esta
principalmente concentrada na regido nordeste do pais, correspondendo em sua
maior parte ao bioma Caatinga, caracterizada por um clima semiarido e constituindo
a floresta seca mais densamente habitada do Globo, com 33 habitantes/km?
(GARIGLIO et al., 2010). Nos ultimos anos, a criagdo de caprinos tem aumentado na
regido nordeste, representando 95% de um total de 12 milhées de caprinos do pais
(MAGALHAES; HOLANDA FILHO, 2021), resultando muitas vezes em taxas de
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lotacdo maiores que as recomendadas (ALVES; ARAUJO; NASCIMENTO, 2009;
AQUINO et al., 2016).

A criacdo extensiva de caprinos também oferece vantagens para os criadores,
ja que raramente requerem complementagcdo na alimentacdo, quando comparados
com outros animais, como 0s bovinos e ovinos (GUTIERREZ; BOER; ALVES, 1981).
Esses animais se alimentam de plantulas, individuos jovens e adultos, consumindo
folhas, flores, frutos e sementes de varias espécies nativas da Caatinga, dispensando
a suplementacao alimentar, mesmo em periodos de secas intensas (GUTIERREZ;
BOER; ALVES, 1981; LEAL; VICENTE; TABARELLI, 2003; MENEZES et al., 2021;
LINS et al., 2022). Apesar destes beneficios, a criacdo extensiva de animais é
reconhecida como uma das causas de degradacao da floresta seca da Caatinga. O
consumo da vegetacao pode comprometer a sobrevivéncia a reproducao das plantas,
enquanto o pisoteio compacta os solos, resultando em erosé@o de varios niveis de
intensidade (HARDEN; DAVIES, 2004; ALVES; ARAUJO; NASCIMENTO, 2009;
BAYNE; FERNANDEZ-LUGO et al., 2013; SCHUCK; RIBEIRO, 2015). De fato, ja foi
registrado que o superpastoreio de caprinos pode aumentar a taxa de mortalidade de
ervas e arbustos devido ao anelamento dos caules, causado pela remocao da casca
dos troncos das espécies ao alcance desses animais, bem como o consumo de
plantulas, afetando a regeneracao das florestas (LEITE, 2002; MENEZES et al., 2021,
LINS et al., 2022).

Os caprinos sé@o animais bem resistentes e se adaptaram muito bem nas
areas de caatinga (SANTOS et al.,, 2005). Com a sua capacidade de reduzir o
metabolismo, possuir sistema digestivo eficiente e de baixo requerimento de agua, 0s
caprinos tornaram-se uma espécie bastante resiliente, sendo mais eficiente em
comparacao aos outros animais domésticos (SILANIKOVE, 2000). A criacao destes
animais é de extrema importancia para a subsisténcia de muitas familias nas
comunidades rurais (PEREIRA et al., 2004; RITO et al., 2017; JAMELLI; BERNARD;

MELO, 2021), embora possam causar sérios danos a biodiversidade.

2.2 ENGRENAGENS OCULTAS: EXPLORANDO A INTERACAO FORMIGA-PLANTA
NA DINAMICA DA REGENERACAO FLORESTAL

Muitos processos cruciais para o equilibrio da natureza ocorrem de maneira

camuflada, por meio de servigcos aparentemente pequenos, mas que, combinados,
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proporcionam importantes resultados. Um exemplo sdo as atividades realizadas pelas
formigas. Neste topico, exploramos a interacdo entre formigas e plantas, destacando
servicos essenciais como a dispersao de sementes, fundamental para a manutencao

das florestas.

2.2.1 Interacdo Formiga-Planta

As interacdes entre plantas e animais séo diversas e pervasivas, influenciando
a evolucéo e diversidade de plantas, animais, e o funcionamento de ecossistemas
(KAMARU et al., 2024). O mutualismo é definido como uma interacdo em que duas
espécies se beneficiam, cada uma experimentando um efeito positivo da interacéo
(BRONSTEIN, 2001). As interacfes entre formigas e plantas sdo 6timos exemplos de
interagdes mutualisticas, as quais recebem bastante destaque, sendo estudadas em
todo o mundo (BEATTIE; HUGHES, 2002). Dentro dessas interacdes, a disperséao de
sementes realizadas por estes animais € crucial para a propagacao das espécies.

As formigas desempenham um importante papel como dispersoras de
sementes (BRONSTEIN; ALARCON; GEBER, 2006; GILADI, 2006), sindrome
denominada de mirmecocoria (VAN DER PIJL, 1982), com mais de 11000 espécies
das angiospermas dependendo das formigas como vetores de suas sementes
(LENGYEL et al., 2010). As formigas séo atraidas por estruturas ricas em lipideos
chamadas de elaiossomo, que estédo presos as sementes (VAN DER PIJL, 1982). Os
elaiossomos atraem as formigas, que carregam as sementes geralmente para 0s
ninhos, onde o elaiossomo é consumido como alimento para a colbnia, e as sementes
geralmente intactas sdo descartadas em camaras de lixo externas aos ninhos (LEAL,
2003; LEAL; WIRTH; TABARELLI, 2007; LOBO; TABARELLI; LEAL, 2011).

As formigas se beneficiam com o consumo dos elaiossomos aumentando o
crescimento e sobrevivéncia da colénia (GAMMANS; BULLOCK; SCHONROGGE,
2005). Ja as plantas possuem varios beneficios com a remocdo das sementes,
mesmo que por curtas distancias (WILLSON, 1993). Entre as principais vantagens da
mirmecocoria esta a reducéo da predacao denso-dependente e da competicao entre
plantulas nas proximidades da planta-méde (HOWE; SMALLWOOD, 1982; VANDER
WALL; LONGLAND, 2004). Ao levarem as sementes para 0s ninhos e descarta-las
nas lixeiras dos formigueiros, geralmente com solos mais Umidos e ricos em

nutrientes, as formigas promovem a germinacdo das sementes (HOWE;
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SMALLWOOD, 1982; LEAL; WIRTH; TABARELLI, 2007; LEAL; LEAL; ANDERSEN,
2015; SILVA et al.,, 2020), possibilitando também que as sementes escapem da
predacao por roedores e do fogo (CHRISTIAN; STANTON, 2004; NESS; BRESSMER,
2005). Também existem registros que o comportamento de patrulhamento que as
formigas apresentam ao redor dos seus ninhos (i.e. “ownership behaviour” (WAY,
1963)), para proteger a colbnia de predadores e parasitas, pode resultar em reducao
da predacéo das sementes e até mesmo da herbivoria das plantas recrutadas (LEAL
et al., 2017; LOBO; TABARELLI; LEAL, 2011; PASSOS; OLIVEIRA, 2004). Por fim,
mesmo nos casos em que as formigas consomem o elaiossomo in situ, ou seja, sem
remover a semente, existem registros de beneficios para as plantas, tais como
reducdo de ataque de fungos e outros patdgenos e conseqguente aumento nas taxas
de germinacéo (LEAL; OLIVEIRA, 1998, LEAL; WIRTH; TABARELLI, 2007).

Mas ndo sdo apenas as sementes que possuem elaiossomos, ou
mirmecocoricas verdadeiras, que tém beneficios das interacbes com as formigas.
Sementes dispersas primariamente por aves e mamiferos (i.e. sementes néo-
mirmecocoricas) também podem possuir estruturas atrativas para as formigas, que
guando atingem o chao da floresta séao transportadas para os formigueiros (PASSOS;
OLIVEIRA, 2002; CHRISTIANINI; OLIVEIRA, 2009; ANJOS et al.,, 2020). Sao
relatadas interacfes entre formigas e sementes ariladas ou com frutos carnosos que
séo dispersas pelas formigas ou que as formigas consomem o arilo ou limpam a polpa
dos frutos resultando em maiores taxas de germinacdo (LEAL; OLIVEIRA, 1998;
DALLING; WIRTH, 1998; LEAL et al., 2003). Por fim, até sementes dispersas
abioticamente, ou seja, sem estruturas atrativas como elaiossomo, arilo ou polpa
carnosa podem atrair formigas e ter sua dispersdo realizada por estes animais
(ANJOS et al., 2020).

Embora muitas espécies de formigas poderem atuar como dispersoras ou
limpadoras de sementes, a qualidade do servico de dispersao pode variar
dependendo do comportamento das formigas junto aos diasporos (i.e. sementes ou
frutos, dependendo da unidade de dispersdo (VAN DER PIJL, 1982)). Algumas
espécies podem fornecer uma maior taxa de remogcao e com maiores distancias de
dispersdo (LEAL; ANDERSEN; LEAL, 2014) em comparagdo a outras que nao
removem sementes, apenas limpam-nas (PASSOS; OLIVEIRA, 2003); outras, ainda,
podem atuar como predadoras de sementes (VAZ FERREIRA; BRUNA;
VASCONCELOQOS, 2011). Da mesma forma, certas espécies sdo mais eficientes na
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protecdo de sementes contra predadores e das plantulas contra herbivoros, como séo
muitas das poneromorfas (PASSOS; OLIVEIRA, 2004; LOBO; TABARELLI; LEAL,
2011). Até formigas da tribo Attini transportam as sementes em grande niumero e por
longas distancias, removendo as estruturas atrativas para o cultivo do fungo
simbionte, e descartando-as intactas nas lixeiras dos formigueiras propiciando a
germinacdo e o recrutamento de plantulas (DALLING; WIRTH, 1998; LEAL;
OLIVEIRA, 1998). Contudo, cortam ou soterram as plantulas recrutadas de forma que
apos um tempo nao existe recrutamento de individuos sobre seus ninhos (SILVA et
al., 2007, LEAL et al., 2014). Normalmente, espécies mais especializadas mantém
relacbes mais proximas com as plantas e oferecem servicos de maior qualidade,
incluindo maiores taxas de remocao e distancias de dispersédo (LEAL et al., 2014,
OLIVEIRA et al., 2019).

A média global de distancia de dispersédo de sementes por formigas é de 1,99
metros, considerando todas as distancias de remocéo (GOMEZ; ESPADALER, 2013).
Na Caatinga, duas espécies de formigas possuem o titulo de dispersoras de semente
de alta qualidade, transportando sementes por longas distancias, Dinoponera
guadriceps e Ectatomma muticum (LEAL et al., 2014; OLIVEIRA et al., 2019). Nestes
estudos, as dispersoras de alta qualidade atingiram médias de remocgédo de 3,11
metros (LEAL et al., 2014) e 3,61 metros (OLIVEIRA et al., 2019), na qual se tem a
espécie D. quadriceps considerada como a melhor dispersora de sementes,
alcancando uma distancia méaxima de 27,5 metros e uma distancia média de 7,58
metros (OLIVEIRA et al., 2019).

Tendo em vista a degradacdo ambiental, incluindo o desmatamento, a caca e
varias outras questdes ambientais que levam a diminuicdo de muitos animais
frugivoros dispersores de sementes (CORDEIRO; HOWE, 2003; JORDANO et al.,
2007), as formigas podem atuar como potenciais atenuadores desses efeitos, ao
removerem sementes e, assim, reduzirem o impacto da perda de dispersores
primarios (CAMARGO et al., 2016). No entanto, os impactos antrépicos também
podem afetar as comunidades de formigas, impactando em processos ecologicos-
chave, como os servi¢os de remocao que elas prestam (ZELIKOVA; BREED, 2008).
No bioma Caatinga, por exemplo, espécies dispersoras de sementes a longa
distancias sdo sensiveis as perturbacdes antropicas, com taxas e distancias da
remocao diminuindo a medida que a perturbacado se intensifica (LEAL; ANDERSEN;
LEAL, 2014; OLIVEIRA et al., 2019).
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2.2.2 Impacto dos caprinos na interacdo formiga-semente e implicacdes para a
regeneracao florestal

Existem evidéncias de que a herbivoria por caprinos pode afetar a riqueza e
estrutura de comunidades vegetais (FERNANDEZ-LUGO et al., 2013; MENEZES et
al., 2021; MENEZES et al., 2021; CAPO et al., 2022), a capacidade de regeneracio
da vegetacdo (PEREVOLOTSKY; HAIMOV, 1992, LINS et al., 2022) e alterar
drasticamente os padrbes de ciclagem de nutrientes e de fluxo de energia nos
ecossistemas (SEVERSON; DEBANO, 1991). Estes impactos podem gerar efeitos em
cascata, afetando espécies de formigas que dependem de éareas florestais como
recursos alimentares para o estabelecimento das col6nias, o que pode influenciar os
processos ecologicos como a dispersdo de sementes realizadas por formigas
(ZELIKOVA; BREED, 2008). Na Caatinga, muitas plantas dependem das formigas
como agentes de dispersdao de sementes (LEAL et al.,, 2017), e a reducdo dessa
interacado interfere nos processos de regeneracao da floresta, contribuindo para niveis
mais elevados de degradacao.

Diante desse contexto, muitos processos chave no ecossistema sofrem
alteragbes. Animais pastejadores, como 0s caprinos, podem afetar a interagao entre
formigas e sementes de diferentes formas. Ao terem acesso a vegetacao nativa, estes
animais podem impactar o tamanho das colonias de formigas (POL; MIRETTI,
MARONE, 2022), reduzindo tanto os recursos alimentares disponiveis (ANDERSEN,
1995; POL; VARGAS; MARONE, 2017), quanto em locais adequados para o
estabelecimento das col6nias (TADEY; FARJI-BRENER, 2007). Diante isso, muitos
dos beneficios que as formigas poderiam fornecer para as plantas, como a remocéao
das sementes, podem ser afetados, uma vez que a disponibilidade de sementes no
solo diminui conforme o pastoreio dos animais (POL; VARGAS; MARONE, 2017).

Caprinos criados extensivamente tém o potencial de prejudicar a regeneracao
florestal da Caatinga (LEAL; VICENTE; TABARELLI, 2003; ALVES; ARAUJO;
NASCIMENTO, 2009). Embora esses animais possam atuar como importantes
dispersores de sementes, a taxa de remocdo de sementes € maior para espécies
exoticas, especialmente para Prosopis juliflora, uma espécie exética e invasora que
ameaca as florestas secas da Caatinga (SENA et al, 2021). Outro impacto

significativo esta relacionado a manutencao das florestas. Na Caatinga, o banco de
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sementes ja possui baixa quantidade e densidade de sementes, e as poucas plantulas
gue emergem, sao consumidas por estes animais (LINS et al., 2022).

Diante dos potenciais impactos da criacdo extensiva de caprinos na
regeneracdo das florestas, € crucial a implementacdo de préticas de manejo,
principalmente nos locais de alta lotacdo, como ocorre na Caatinga, como uma
alternativa diante dos impactos. A criacdo de zonas de protecdo, mediante cercas ou
outros meios, € uma das solu¢cdes mais importantes, evitando a entrada dos animais
(WASSIE et al., 2009). Controlar a quantidade de caprinos na propriedade, reduzindo
as taxas de lotacdo, também é essencial para evitar a superexploracdo da vegetacdo
e a compactacao do solo (GAMOUN; PATTON; HANCHI, 2015; AQUINO et al., 2016).
Além disso, é importante educar os proprietarios das terras sobre praticas de manejo
sustentavel, visando a adocédo de técnicas que diminuam os impactos do pastejo dos
animais e promovam a protecédo da vegetacéo. Essas medidas ndo apenas atendem
as necessidades das familias em complementar a renda com a criacdo de animais,

mas também contribuem para a regeneracao florestal.
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3 ARTIGO 1

O conteldo desta secao consiste em um artigo intitulado “Goat exclusion restores
seed dispersal services by ants and seed viability in a Dry Forest” que seré
submetido a revista Journal of Ecology. A formatacao do artigo segue as normas
para autores para submissdes iniciais estabelecidas pela revista disponiveis no

anexo A deste documento.
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SUMMARY

1. The consumption of vegetation and trampling by extensively raised domestic animals can
have significant impacts at various levels of biological organization. We investigated how
eight years of goat exclusion could restore seed dispersal services by ants and the protection
of seeds already removed and deposited in or around ant nests.

2. We assessed the number of interactions, elaiosome consumption, removal rate and distance,
and the deposition location of seeds from one myrmecochorous species (Jatropha mutabilis)
and one non-myrmecochorous species (Commiphora leptophloeos), as well as the abundance
and viability of seeds in nests of a frequent and widely distributed seed disperser, in a goat
exclusion experiment consisting of 14 pairs of plots.

3. We recorded a total of 3,011 interactions, including the removal of 26.7% of J. mutabilis
seeds and 87.4% of C. leptophloeos seeds. For J. mutabilis, we found differences only in the
number of interactions, with 53.2% of the total occurring in goat exclusion areas. For C.
leptophloeos, no differences were found between treatments for the number of interactions,
but higher removal rates were observed, with 459 seeds removed in goat exclusion areas, and
a significant difference in removal distance compared to free access areas. We also observed
seed removal by D. quadriceps over distances up to 30 meters. We found 395 seeds, 31%
from nests and 69% from control areas distant from nests. Of these, 62% were found in
exclusion plots and 38% in free access plots. Of the total seeds found, only 45.3% were
considered viable. Seed viability was higher in goat exclusion areas, with 73% of the seeds
viable, and greater in the control areas of the nests.

4. Synthesis. Our results indicate that goat exclusion can restore seed dispersal services by
ants for a non-myrmecochorous species and increase the viability of a larger number of seeds.
Excluding these animals increases the chances of a seed being removed from the vicinity of

the mother plant and, consequently, germinating in favorable locations for the growth of new



individuals, promoting the regeneration of dry forests in environments modified by human
activities.
Keywords: Extensive goat farming. Dinoponera quadriceps. Anthropogenic disturbances.

Regeneration. Tetrazolium tests.
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1 INTRODUCTION

Activities such as the extensive farming of domestic animals are widespread across the globe
(Chynoweth et al., 2013; Dias, 2020). These practices are often adopted by rural and low-
income communities as a means of subsistence (Jamelli et al., 2021; Pereira et al., 2004; Rito
et al., 2017). However, under the extensive farming regime, animals have access to the local
native vegetation (Forsyth et al., 2002; Gabay et al., 2011; Jamelli et al., 2021; Menezes et al.,
2021), and their foraging behavior can cause significant damage to the vegetation, affecting
individuals as well as entire communities (Cap6 et al., 2022; Fernandez-Lugo et al., 2013;
Menezes et al., 2021), with the potential to alter forest regeneration dynamics and resilience
(Perevolotsky & Haimov, 1992) and the functioning of ecosystems (Gabay et al., 2011,
Mancilla-Leytén et al., 2013; Menezes et al., 2021; Velamazén et al., 2020). Impacts on
vegetation can also result in direct negative effects on the animal communities that interact

with plants, compromising mutualistic interactions such as seed dispersal.

Secondary seed dispersal by ants, or myrmecochory, is a diverse and widespread dispersal
method involving about 11,000 plant species globally (Lengyel et al., 2010). Ant-dispersed
plants have lipid-rich appendages on their seeds, known as elaiosomes (Van der Pijl, 1982),
which attract ants. The ants transport the seeds to their nests, where they consume the
elaiosomes and deposit the seeds, typically intact, in the colony’s waste sites (I. R. Leal, 2003;
I.R. Leal et al., 2007; Levey & Byrne, 1993; Ldbo et al., 2011). Ants benefit from this
interaction because the consumption of the elaiosome promotes the growth and reproduction
of their colonies (Gammans et al., 2005; Giladi, 2006). Plants, in turn, gain multiple benefits,
such as (1) seed removal from beneath the mother plant, reducing density-dependent seed
predation (Vander Wall & Longland, 2004), (2) colonization of new areas (L. C. Leal,

Andersen, et al., 2014; Oliveira et al., 2019), (3) seed deposition in nests, which are generally
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more moist and nutrient-rich, favoring seed germination and seedling growth (Howe &
Smallwood, 1982; I. R. Leal et al., 2007; Levey & Byrne, 1993), and (4) seed burial, which
helps them escape predators and fire (Christian & Stanton, 2004; Kwit et al., 2012; Ness &
Bressmer, 2005). Ants also play an important role in protecting seeds after dispersal, reducing
damage by seed-predating insects, preserving the viability of seeds deposited in nests, and
protecting seedlings recruited near the nest from herbivores (L6ébo et al., 2011; Passos &
Oliveira, 2004). Additionally, ants can remove non-myrmecochorous seeds that possess some
attractant that lures the ants (Christianini et al., 2007). This is particularly important in
defaunated environments, where primary dispersers are often scarce or absent, and ants can
help compensate for the loss of primary dispersers, such as birds, by promoting the secondary
dispersal of non-myrmecochorous seeds (Camargo et al., 2016), providing the same benefits
to these seeds as they do to myrmecochorous seeds. In this way, ants are essential for the
recruitment of new individuals in plant populations, influencing ecosystem regeneration
dynamics and resilience (Christianini et al., 2007; Handel & Beattie, 1990; I. R. Leal et al.,

2007, 2015; L. C. Leal, Andersen, et al., 2014; Oliveira et al., 2019).

Among the animals raised extensively, goats stand out for their resilience and rapid adaptation
to adverse climatic and environmental conditions (Vahidi et al., 2014). However, goats can
have negative effects on seed dispersal by ants, impacting fruit production by consuming the
plants (Baraza & Valiente-Banuet, 2008; Mufioz-Gallego et al., 2022) or by consuming seeds
before they are removed by ants, thereby reducing the number of interactions between ants
and seeds (Pol et al., 2017, 2022). Goats may also remove the elaiosomes from
myrmecochorous seeds, making them less likely to be removed by ants (Reifenrath et al.,
2012). Post-dispersal processes can also be negatively affected by goats, as they consume

seeds that have already been removed and deposited in nests, which are favorable for
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germination (Pol et al., 2014). Through trampling, goats can also destroy ant nests (I. R. Leal
et al., 2003; Parente & Maia, 2011), reducing the number of colonies and the activity of ants
in collecting and protecting seeds (Pol et al., 2017, 2022), thereby compromising the
efficiency of seed dispersal and interfering with ant movement and seed fate. Thus, depending
on the intensity of goat grazing, these animals can compromise the services provided by ants,
as well as the subsequent processes following seed dispersal, affecting plant regeneration and
ecosystem resilience (Fernandez-Lugo et al., 2013; Lins et al., 2022; Mancilla-Leyton et al.,

2013; Perevolotsky & Haimov, 1992).

The dry forest of the Caatinga, located in the Northeast region of Brazil, is the largest and
most diverse patch of dry forest in the Neotropics (J. M. C. Silva et al., 2017), including
various species of plants (Zappi et al., 2015) and animals (Garda et al., 2018). Like other dry
forests around the world, the Caatinga plays a crucial role in the survival of millions of people
who depend on forest resources for their livelihoods (J. M. C. Silva et al., 2017; Tabarelli et
al., 2023). Activities such as slash-and-burn agriculture, which leads to habitat loss, as well as
the extraction of timber and non-timber forest products, extensive farming of domestic
animals, and hunting in remaining areas are widespread in the Caatinga (Arnan et al., 2018;
Marinho et al., 2016; Martins Borges et al., 2023; Melo, 2017; Rito et al., 2017). Among
domestic animals, the extensive farming of goats stands out, as it has been established in the
region since the arrival of the Portuguese in the 16th century and has demonstrated excellent
adaptation (Formiga et al., 2020; Rosa et al., 2017), providing a source of income for the local
population (Jamelli et al., 2021; Melo, 2017; Menezes et al., 2021). With approximately 12
million goats in Brazil, about 95% of the national herd is concentrated in the Northeast region,
which includes the Caatinga (Magalh&es et al., 2021). Due to the high number of goats raised

extensively, often exceeding recommended stocking rates (Aquino et al., 2016), there can be
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significant impacts on plant and animal communities (Gabay et al., 2011; Lins et al., 2022,
Mancilla-Leytdn et al., 2013; Menezes et al., 2021), affecting ecological interactions. Thus,
the Caatinga presents an interesting scenario for investigating the possible effects of extensive
goat farming on ecological interactions and the dynamics of regeneration and resilience of the

forest.

In this study, we investigated how the exclusion of goats can recover seed dispersal by ants
and the protection of seeds that have already been removed and deposited in ant nests and
their surroundings. Specifically, we compared the number of interactions between seeds and
ants, the consumption of elaiosome, the rate and distance of removal, and the fate of seeds
mediated by ants. To achieve this, we used the myrmecochorous species Jatropha mutabilis
and the non-myrmecochorous species Commiphora leptophloeos. Additionally, we compared
the abundance and viability of seeds in nests of the ant Dinoponera quadriceps, a highly
abundant and widely distributed seed-dispersing ant species in the Caatinga (I. R. Leal, 2003;
I.R. Leal et al., 2017), in areas with goat exclusion and areas with free access to goats. Our
hypothesis is that the exclusion of goats recovers the seed dispersal and post-dispersal
services provided by ants to plants, which would be negatively affected by the presence of
goats. We expect to find that the number of interactions between seeds and ants (1), the
number of interactions involving the consumption of elaiosome (2), the rate of removal (3),
the distance of removal (4), and the percentage of seeds in ant nest areas and near ant nests (5)
will be greater in plots where goats were excluded than in plots with free access. We also
expect that the abundance (6) and viability of seeds (7) will be greater in ant nests than in
control areas distant from the nests and (8) that the difference in seed abundance and viability

between nests and controls will be greater where goats have free access.
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2 MATERIALS AND METHODS

2.1 Study area:

The study was conducted in the Catimbau National Park, located between the coordinates
8°24'00" and 8°36'35" South latitude and 37°00'30" and 37°10'40" West longitude, covering
an area of 670 km? in the Northeast region of Brazil (Fig. 1A). According to the Képpen
climate classification, the predominant climate in the region is Bsh, transitioning to the rainy
tropical type AS', with an average temperature of 23°C, approximately six months of the dry
season, and a rainy period between March and June (Menezes et al., 2021; Rito et al., 2017).
The average annual precipitation ranges from 480 to 1100 mm, being irregular in both space
and time. The predominant soils are quartzitic sands, found in about 70% of the Park
(Menezes et al., 2021). The Park hosts various phytophysiognomies, from tree-like caatinga in
areas with higher precipitation to shrub vegetation with cacti and bromeliads in drier regions

with rocky outcrops (Rito et al., 2017).

The Catimbau National Park was created in 2002, but part of the local population has not yet
received compensation and continues to practice slash-and-burn agriculture for food and
fodder production, in addition to relying on the exploitation of timber, non-timber forest
products, and extensive farming of domestic animals, such as goats, for their subsistence
(Jamelli et al., 2021; Menezes et al., 2021; Rito et al., 2017). Regarding goat farming in the
Park, a study conducted in 81 households found that 55% of respondents raised goats

extensively, with an average of 22 animals per household (Jamelli et al., 2021).

2.2 Experimental design
To evaluate the effect of goat exclusion on the recovery of seed dispersal and post-dispersal

services provided by different ant species to plants, we conducted the study in a goat
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exclusion experiment established in 2015 as part of the Long-Term Ecological Project
developed in the Park (PELD-Catimbau, https://www.peldcatimbau.org). The experiment
consists of 28 paired plots of 20 m x 20 m (0.04 ha), with 14 plots where goats were
experimentally excluded (exclusion plots) using barbed wire fences with nine strands, while
in the other 14 plots, goats have free access (free-access plots), which only have two strands
of barbed wire to prevent access by larger animals like cattle (Fig. 1B-C; see also Lins et al.,
2022, and Menezes et al., 2021). At the time of the establishment of the plots, there were no
differences in the number of individuals, richness, and composition of woody plant species

between the plots with and without goats (Menezes et al., 2021).
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Figure 1: Location of the plots in Catimbau National Park in the state of Pernambuco,
Northeast Brazil (A); paired exclusion and free-access plots for goats (B and C); and grazing
by goats (vegetation consumption) (D). Photos: Jens Brauneck (B); Mikael Castro (C, D).

2.2.1 Studied species

To conduct the seed removal experiments by ants, we used seeds of Jatropha mutabilis (Pohl)
Baill. (Euphorbiaceae), a native myrmecochoric species widely distributed in the park, which
is little used by the local population and not very palatable to animals like goats. The seeds of
J. mutabilis have an elaiosome, a lipid-rich structure that is very attractive to ants (Anjos et

al., 2020; I. R. Leal et al., 2007). We also used seeds of Commiphora leptophloeos (Mart.)
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J.B. Gillett (Burseraceae), a non-myrmecochory species that is also native, less abundant, and
rare in certain locations but of great economic importance to the local population, being used
in wooden handicrafts and palatable to animals such as goats. The seeds of C. leptophloeos
are arillate, primarily dispersed by birds but also removed by ants when they reach the
ground. The seeds were collected from the plant during the final maturation period, before

they fell to the ground.

2.2.2 Seed Dispersal Experiment

To characterize and quantify the seed dispersal rate by ants in each of the 28 plots, with and
without goats, we installed nine observation stations in each plot. These stations were
distributed so that they were 5 meters apart within each plot and 10 meters apart between the
two paired plots. At each observation station, we placed five seeds of Jatropha mutabilis and
four seeds of Commiphora leptophloeos (i.e., we were unable to collect the same amount of
seeds as J. mutabilis and reduced one seed at each station), which were arranged on white
filter paper (6 cm x 6 cm) to facilitate visualization on the leaf litter (L. C. Leal, Andersen, et
al., 2014) (Figure S1). The stations were set up at 6:00 AM and checked at half-hour intervals
from 6:30 AM to 6:00 PM. At the end of the observation period, we recorded the number of
seeds removed from each plot (L. C. Leal, Andersen, et al., 2014). The study was initially
conducted with seeds of J. mutabilis and later with C. leptophloeos during the rainy season of

2022 and 2023, respectively.

The behavior of ants towards the diaspores was classified into three categories of interaction:
(1) inspection or manipulation of the seed without consumption of the elaiosome or removal
of the seed; (2) consumption of the elaiosome without removal of the seed; and (3) removal of

the seed (L. C. Leal, Andersen, et al., 2014; Oliveira et al., 2019). We recorded the number of



38

events in each of these categories and considered the sum of these three categories as the total
number of interactions. In the case of seed removal, the ants were followed until they reached
their nests or disappeared into the litter layer. At that point, the distance of removal and the
location of deposition or loss of the seed were recorded (I. R. Leal et al., 2007). The removed
seeds were not replaced. In cases where seeds were removed without the interaction being
observed, we included them in the removal rate and recorded the distance from where the
seed was found, but we did not identify the species of ant responsible for such an event (L. C.
Leal, Andersen, et al., 2014). The seed dispersal experiments were conducted daily in the two
plots of each pair (with and without goats) until data from all 28 plots were sampled during
the rainy season. Photographic records of the interactions were made, and some unidentified

ants in the field were collected to assist in the identification process in the laboratory.

2.2.2 Post-seed dispersal

To evaluate the post-dispersal services provided by ants, we used the species Dinoponera
quadriceps as a model because it is an abundant and widely distributed species in the study
area, interacting with seeds from different species and serving as a high-quality disperser in
the Caatinga regions (L. C. Leal, Andersen, et al., 2014; Oliveira et al., 2019). In each of the
28 plots, both with and without goats, active searches were conducted to locate the nests of D.

quadriceps, which were mapped and marked for later sampling (Figure S2).

To evaluate the protection that ants provide against seed predators, we established two 1 m?
squares, one near the entrance of D. quadriceps nests and another 3 m away from the nest,
which was used as a nest control (Figure S3). To collect the seeds, soil samples were taken to
a depth of 5 cm at both locations (nest and nest control) (Adapted from Lobo et al., 2011).

The soil samples were sifted through a fine mesh sieve, and then a stereomicroscope was used
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to separate the seeds. The seeds found were identified to the species level, and those that

could not be identified were classified and designated as morphospecies.

To verify the viability of seeds collected from D. quadriceps nests and control areas, tests
were conducted using Tetrazolium Chloride (TTC) (Franga-Neto & Krzyzanowski, 2019).
Initially, tests were performed with some seeds collected from the study area to determine the
time required to break the dormancy of the seeds and the staining process with Tetrazolium
Chloride. Considering that we had no information on the exposure time of the collected seeds,
we assumed that most of them had already undergone a process of seed coat wear, resulting in
seed scarification. After identifying the ideal time, we adopted the following treatment for all
collected seeds: the seeds were immersed in distilled water for 12 hours, and then longitudinal
cuts were made to expose the embryo. The Tetrazolium Chloride was diluted to 0.075%, and
the seeds were immersed in this solution, then placed in an incubator at 35°C for 4 hours
(Dantas et al., 2015). After incubation, the seeds were washed in running water for embryo
observation, being classified as viable when a slightly reddish spot was formed on the seed
tissue or non-viable when no spots were formed or when the coloration became excessively

reddish (Azerédo et al., 2011; Lins et al., 2022) (Figure S4).

2.3 Data analysis

To evaluate the impacts of goat exclusion on the number of interactions involving elaiosome
consumption (summing the nine stations), the removal rate (percentage of seeds removed
relative to the total offered), and the dispersal distance (mean value of removal events) per
plot (response variables), generalized linear mixed models (GLMMs) were used with
treatment (exclusion and free access) as the explanatory variable. For the interaction count

data, a Poisson distribution was utilized, while a Binomial distribution was used for the
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removal rate and a Gaussian distribution was employed for the mean dispersal distance. To
assess the impacts of goats on seed fate (nest, leaf litter, and exposed soil), GLMMs were also
used with exclusion and free access as explanatory variables, including plot pairs as random

factors.

To assess the effects of goat exclusion on the abundance and viability of seeds present in nest
areas compared to control areas (distant from the nest), GLMMs were also constructed, using
the total number of seeds (abundance) and the proportion of viable seeds (viability) as
response variables, and treatment, seed location (nest or control area) within the plots, and the
interaction between these two variables as explanatory variables. A Poisson distribution was
used for the total number of seeds, while a Binomial distribution was applied for the
proportion of viable seeds. In all models, we included the plot pair as a random factor due to
the paired nature of the experimental design. All analyses were performed using the R

program (R Core Team, 2023).

3 RESULTS

3.1 Seed dispersal

For Jatropha mutabilis, we recorded a total of 963 interactions between ants and seeds, with
512 in goat exclusion areas (53.2%) and 451 in free-access areas (46.8%). Among the ant
species, Dinoponera quadriceps had the highest number of interactions, totaling 116
occurrences, followed by Ectatomma muticum, with 114 interactions, and Pheidole sp. 7, with
108 interactions (12%, 11.8%, and 11.2%, respectively). The total number of interactions was

greater in goat exclusion areas than in free-access areas (Table 1; Fig. 2A).
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Of the total interactions, 48.8% involved the consumption of the elaiosome in situ, that is,
without the removal of the seed. The most frequent species in this type of interaction were
Ectatomma muticum, Pheidole sp. 7, and Pheidole sp. 8, accounting for 19.1%, 18%, and
17.9% of the interactions, respectively. No differences were observed in elaiosome removal in

the presence or absence of goats (Table 1; Fig. 2B).

Regarding the removal rate, 26.7% of the 1,260 J. mutabilis seeds offered were removed, with
47% of these removals occurring in the exclusion plots and 53% in the free access plots.
Among the ant species observed (Table S1), Dinoponera quadriceps was the species that
removed the most seeds, accounting for 26.5% of the seeds removed, of which 86.5% were
long-distance events ranging from 1 to 25 meters. Ectatomma muticum removed 10 seeds
(3%), predominantly in short-distance events (less than 1m). Of the seeds found outside the
observation station but without a recorded removal event, 72 seeds (21.4%) were removed at
short distances (less than 30 cm), while another 164 dispersed seeds were not found (49%).
No differences were found in the removal rate and distance between the plots with and

without goats (Table 1; Fig. 2C and D, respectively).

Regarding the fate of the seeds, of the 336 seeds removed, only 171 (51%) had their
deposition location identified, whether with or without the observation of the seed removal
event. Among the seeds found, 45% were deposited in the nests of D. quadriceps, 30% in
exposed soil, and 25% in leaf litter. The remaining 165 seeds (49%) were not found. In
relation to the destinations of the seeds, there was also no difference in the deposition location

in the presence or absence of goats (Fig. 3).
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consumption, removal rate and distance, and seed deposition location of Jatropha mutabilis in

the 14 paired plots with and without the presence of goats in a dry caatinga forest in the

Catimbau National Park. (FV) represents the ranges of variation, (M) the mean, and (SD)

standard deviation.

Response variables / Exclusion Fre access
Test P -
Treatment
] FV M £ DP FV M £ DP value Value
(metrics)
Number of interactions 9-63 36,5 + 15,7 9-74 32,2+184 %2=3.88 0.04
Number of interactions
with elaiosome 4-28 175+79 1-34 16,0 +9,9 %2=0.86 0.35
consumption
Removal rate (%) 0-26 11,1+87 0-34 10,9+119 %2=0.55 0.45
Removal distance (m) 0-15 0.73 +2.53 0-25 0.90 + 2,92 %2=0.29 0.58
Seeds deposited in the nest
0-25 3,14+7,0 0-16 2,35+4,8 ¥2=2.70 0.10
(%)
Seeds deposited on
] 0-9 1,5+30 0-10 20+£28 v2=1.33 0.24
exposed soil (%)
Seeds deposited in the
) 0-6 1,0+22 0-23 2+6,0 ¥2=0.03 0.85
litter (%)
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Figure 2: Boxplots showing the effects of goat exclusion on the total number of ant-seed
interactions of Jatropha mutabilis (A), elaiosome consumption (B), removal rate (C), and
distance of seed removal (D) in the 14 paired plots with and without goats in the Catimbau
National Park, Northeast Brazil.
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Figure 3: Boxplots showing the effects of goat exclusion on the destination of Jatropha
mutabilis seeds regarding the deposition site: in ant nests (A), in the litter layer (B), and on
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exposed soil (C), in the 14 paired plots with and without goats in the Catimbau National Park,
Northeast Brazil.

Switching to Commiphora leptophloeus, we recorded a total of 2048 interactions between

ants and seeds, with 1002 (49%) in goat exclusion areas and 1046 (51%) in free access areas.

Dinoponera quadriceps led with 524 interactions, followed by Pheidole sp. 2 with 467

interactions and Pheidole sp. 3 with 304 interactions (25.5%, 23%, and 15%, respectively).
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We found no differences in the total number of interactions between the plots with and

without goats (Table 2; Figure 4A).

Of the total interactions, 34% involved the consumption of the elaiosome in situ, without the
removal of the seed. The most frequent species in this interaction were Pheidole sp. 2,
Pheidole sp. 3, and Solenopsis sp. 1, with 39%, 26%, and 16% of the interactions,

respectively. No differences were found in the removal of the elaiosome (Fig. 4B).

Regarding seed removal, 87.4% of the 1008 C. leptophloeos seeds used were removed, with
52% of the removals occurring in the exclusion plots and 48% in the free access plots. Of the
ant species observed (Table S1) that removed the largest number of seeds, D. quadriceps was
the one that removed the most seeds, being responsible for the removal of 55.1% of the seeds,
of which 98.1% were long-distance events between 1 and 30 m. E. muticum removed 8.5% of
the seeds, of which 21.3% were also long-distance events between 1 and 3 m. Of the 319
seeds removed (36.2%) that we did not observe the removal event, 43 seeds (5%) were found
in the vicinity of the station, and another 276 seeds (31.3%) were not found. Differences were
found in removal rate and removal distance, both greater for goat exclusion areas (Fig. 4C and

D, respectively).

Of the 881 C. leptophloeos seeds removed, we were able to record the fate of 601 seeds
(68.2%). Among the seeds found, 77.9% were deposited in ant nests, of which 98.7% were
deposited in D. quadriceps and E. muticum nests, 14% were deposited in exposed soil, and
8.1% of the seeds were deposited in leaf litter. The remaining 280 seeds (32%) were not
found. Regarding the fate of the seeds, there was a higher frequency of seeds being taken to

D. quadriceps nests in the goat exclusion plots (Fig. 5).
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consumption, removal rate and distance, and deposition site of Commiphora leptophloeos

seeds in 14 pairs of plots with and without goats in a dry caatinga forest in Catimbau National

Park. (FV) represents the variation ranges, (M) the mean, and (SD) the standard deviation.

Response variables / Exclusion Fre access
Test P -
Treatment
) FV M + DP FV M = DP value Value
(metrics)
Number of interactions 44 - 102 71,5+21,19 38 - 148 74,7-32,0 12=0.94 0.33
Number of interactions
with elaiosome 3-59 23+17,42 4-128 26,6 + 31,6 ¥2=3.76 0.05
consumption
Removal rate (%) 18 - 40 31,9+5,96 6 -39 30,1+11,8 ¥2=4.10 0.04
Removal distance (m) 0-30 4,01 +491 0-30 2,35+ 4,97 ¥2=4.85 0.04
Seeds deposited in the nest
1-34 20,2+114 0-29 13,2+8,6 x2=8.11 0.004
(%)
Seeds deposited on
) 0-20 3,14 +5,05 0-9 2,85+3,0 ¥2=0.15 0.6
exposed soil (%)
Seeds deposited in the
. 0-7 19+25 0-6 15+17 ¥2=0.02 0.8
litter (%)
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Figure 4: Boxplots showing the effects of goat exclusion on the total number of ant-seed
interactions of Commiphora leptophloeus (A), elaiosome consumption (B), removal rate (C)
and seed removal distance (D) in the 14 pairs of plots with and without goats in Catimbau

National Park, Northeastern Brazil.
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Figure 5: Boxplots showing the effects of goat exclusion on the fate of Commiphora
leptophloeos seeds in terms of deposition site, in ant nests (A), in the litter layer (B) and in the
exposed soil (C), in the 14 pairs of plots with and without goats in Catimbau National Park,
Northeastern Brazil.

3. 2 Post-seed dispersal
In total, 395 seeds were found, of which 62% were in the goat exclusion plots and 38% in the
free access plots. Among all plots, 31% of the seeds came from D. quadriceps nests, while

69% were found in control areas distant from the nests. The most abundant seeds, both in the
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plots with and without goats, belonged to the species Pityrocapra moniliformis, with 155
seeds (39.2%), Cenostigma microphyllum and Commiphora leptophloeos, both with 41 seeds
(10.4%), and Byrsonima gardneriana, with 23 seeds (5.8%) (Table S2). In the exclusion
plots, 67 seeds were found in D. quadriceps nests (27.4%) and 177 seeds in the control distant
from the nests (72.6%). In the free access plots, 55 seeds were present in the nests of D.
quadriceps (36.4%), and 96 seeds were found in the control distant from the nests (63.6%).
No differences in seed abundance were detected between nests and control areas distant from
the nests or between plots with and without goats. Furthermore, no interactive effect was

found between treatments and seed location (Table 3; Fig. 6A).

Finally, for seed viability, among the 395 seeds found in nests and in control areas distant
from D. quadriceps nests, only 45.3% of the seeds were considered viable. Of these, 73%
came from exclusion plots and 27% from free access plots. Of the 179 viable seeds, 33%
came from D. quadriceps nests and 67% from control areas distant from the nests. However,
no differences were found between the number of viable seeds between the plots with and
without goats (Fig. 6B). Regarding seed viability in the exclusion plots, 34 came from D.
quadriceps nests (26.1%) and 96 seeds came from the control distant from the nest (73.9%).
In the free access plots, 25 seeds came from D. quadriceps nests (51%) and 24 seeds came
from the control distant from the nests (49%). Higher seed viability was observed in control

areas distant from D. quadriceps nests collected in goat exclusion areas compared to nests

(Fig. 7).

Table 3: Effects of goat exclusion on seed abundance, proportion of viable seeds and
difference in seed abundance and viability found in Dinoponera quadriceps nests and in

control areas distant from the nests in 14 pairs of plots with and without goats, in a dry
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caatinga forest in Catimbau National Park. (FV) represents the variation ranges, (M) the mean

and (SD) the standard deviation.

Response variables / Treatment Exclusion Free access p-
) Test value
(metrics) FV M + DP FVv M = DP value
Abundance of seeds 1-94 | 17,42+240 | 1-35|11,6+12,2 | x2=0.5267 | 0.468
Proportion of viable seeds 0-65| 16.25+20.67 | 0-14 | 6.12+5.01 | ¥2=0.0546 | 0.815
Seed Nests 0-13 4,8+4,6 0-11 | 35%36
I 12=8.86 0.002
viability Nest control 0-65 13,7+ 235 0-12 4+48
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Figure 6: Boxplots showing the effects of goat exclusion on seed abundance (A) and

proportion of viable seeds (B) in the 14 pairs of plots with and without goats in Catimbau
National Park, Northeastern Brazil.
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Figure 7: Effects of goat exclusion on the viability of seeds deposited in D. quadriceps nests

and in control areas distant from the nests in 14 pairs of plots with and without goats in

Catimbau National Park, Northeastern Brazil.
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4 DISCUSSION

Our results suggest that goat exclusion can restore the seed dispersal service provided by ants
in Caatinga areas, especially for non-myrmecochorous species. In sites where goats were
experimentally excluded, we observed higher rates and distances of removal of C.
leptophloeos seeds, frequently deposited in Dinoponera quadriceps nests, providing favorable
conditions for seed germination and seedling recruitment. In the case of J. mutabilis, a
myrmecochorous species, we observed a higher number of interactions between ants and
seeds in areas where goats were excluded. However, this did not result in an improvement in
the quality of the seed dispersal service. D. quadriceps was responsible for removing most of
the seeds, transporting them up to 30 meters and depositing them in their nests. Regarding
post-dispersal, seed availability in nests and control areas, distant from the nests, was similar.
However, seed viability was lower in areas where goats had free access, regardless of whether

they were in the nest or not.

The results support the idea that extensively raised domestic animals can influence ecological
interactions and ecosystem functioning (Gabay et al., 2011; Mancilla-Leytén et al., 2013;
Menezes et al., 2021; Velamazan et al., 2020). They also indicate that the effects of these
animals on ants are indirect, since they do not feed on ants, but alter the source of food
resources (Andersen, 1995; Pol et al., 2022) and nesting sites (Tadey & Farji-Brener, 2007).
Reported effects include changes in the distribution of ant nests and reduced interactions with
seeds in areas of higher grazing intensity (I. R. Leal et al., 2017; L. C. Leal, Andersen, et al.,
2014). Our findings reinforce studies that indicate negative effects of domestic animals on
seed banks and viability (Gonzalez & Ghermandi, 2021; Pol et al., 2014; Tessema et al.,

2012). Although goats are considered important seed dispersers in dry forests (Baraza &
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Valiente-Banuet, 2008; Sena et al., 2021), most articles reporting this positive effect on seed
viability and increased germination after passing through the digestive tract of these animals
involve exotic species, such as Prosopis juliflora. On the other hand, ingestion can
significantly reduce the viability of other seeds (Mancilla-Leyton et al., 2012), promoting
domestic animals as potential agents of plant diversity loss (de Souza Nascimento et al., 2020;

Senaetal., 2021).

The hypothesis tested regarding the effect of goat exclusion on the recovery of ant-mediated
seed dispersal was confirmed, specifically for non-myrmecochoric seeds of the species C.
leptophloeos. We observed higher rates and distances of seed removal by high-quality seed
dispersers, mainly by D. quadriceps, reaching distances of up to 30 meters, according to the
average of its foraging area (de Lima Vieira et al., 2024), and which remains the main seed
collector and transporter (L. C. Leal, Neto, et al., 2014). Comiphora leptophloeos, an
ornithochoric species, depends mainly on birds for seed dispersal. However, in their absence,
ants emerge as crucial agents, providing seed dispersal services and mitigating the impact of
the loss of primary seed dispersers due to habitat degradation (Camargo et al., 2016). This
result highlights the importance of D. quadriceps in seed dispersal in dry forests, as
previously reported (L. C. Leal, Andersen, et al., 2014; Oliveira et al., 2019). The
contributions of D. quadriceps to plants go beyond the removal and transport of seeds over
long distances, extending to their destination, mainly in nests. This service not only facilitates
conditions favorable for germination (I. R. Leal, 2003; I. R. Leal et al., 2007) but also acts to
protect seeds against rodents and fires, factors that could compromise their survival (Christian

& Stanton, 2004; Kwit et al., 2012; Ness & Bressmer, 2005).



53

The absence of differences in the abundance of D. quadriceps between areas with and without
goats, together with no differences in the species composition of the ant community (Neves et
al. 2022, unpublished data), suggests that the recovery in seed dispersal of C. leptophloeos
after the exclusion of goats may be related to changes in ant behavior. It is possible that, in the
presence of goats, D. quadriceps, the main species interacting with seeds, reduces its foraging
areas due to the more open and desiccated conditions generated by pasture (I. L. H. Silva et
al., 2019). This possible reduction in the interaction between D. quadriceps and seeds may
result in decreased seed removal rates and distances. Indeed, Silva and collaborators (2019)
showed that the increase in chronic anthropogenic disturbances, including grazing by goats,
leads to changes in the foraging behavior of ants in the same study area. In another study,
Camara et al. observed a reduction in the number of interactions between ants and plants with
extrafloral nectaries, lower specialization and temporal stability in response to increased
chronic anthropogenic disturbances and aridity, and suggested changes in ant behavior as an
explanatory mechanism, given that they did not identify changes in the ant community that
interacted with plants (Camara et al., 2018, 2019). Surprisingly, despite the exclusion of
goats, we did not observe a recovery in the dispersal service of J. mutabilis. It is possible that
C. leptophloeos is more attractive to ants than J. mutabilis, given that the mass of the aril that
acts as an elaiosome is greater, as observed by Leal et al. (2014), in which dispersers of high-
quality seeds demonstrate a preference for seeds with greater elaiosome mass as a reward.
Therefore, larger ants can carry larger seeds, with larger elaiosomes (L. C. Leal, Neto, et al.,
2014) and for greater distances (I. R. Leal et al., 2007; Takahashi & Itino, 2015).
Furthermore, we noticed that the seeds of C. leptophloeos remained moist throughout the day,
while those of J. mutabilis dried with exposure at the observation station, although this

remains speculative.
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The lack of difference in seed abundance between D. quadriceps nests and control areas, in
both plots (with and without goats), can be attributed to the predominance of autochoric
seeds. These seeds do not present structures attractive to ants, explaining the absence of
accumulation in the nests, as observed in previous studies (LAbo et al., 2011; Passos &
Oliveira, 2004). Notably, we observed a scarcity of seeds in D. quadriceps nests compared to
previous studies (I. R. Leal et al., 2017), possibly due to the presence of many species with
abiotic dispersal in our set of plots, such as Pityrocapra moniliformis and Cenostigma

microphyllum.

Goats prefer larger seeds (Gongalves et al., 2020; Santos et al., 2008), leaving smaller seeds
vulnerable, which may have their viability compromised by other factors, such as trampling
by these animals (Hulme & Borelli, 1999), as observed in the free-access plots. This reduction
in viability was evident in both nests and nest control areas. In addition to the direct impact,
goats exert an indirect influence by feeding on local vegetation (Forsyth et al., 2002; Gabay et
al., 2011; Jamelli et al., 2021; Menezes et al., 2021), resulting in biomass loss (Santos et al.,
2022, unpublished data), as evidenced in studies in the same exclusion and free-access plots
in which we worked. With less vegetation and, therefore, greater sun exposure, the seeds

present may experience an increase in temperature, reducing their viability (Ooi, 2012).

In summary, the negative impacts caused by goats on seed dispersal and post-dispersal can
have negative long-term implications for vegetation regeneration. The pervasive presence of
these animals can favor only species tolerant to their grazing (Ramos et al., 2023). The
reduction of the seed bank, aggravated by the loss of viability resulting from direct and
indirect grazing by goats, significantly minimizes the chances of seed survival and

germination (Vanderlei et al., 2022). In addition, germinated seedlings are susceptible to
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consumption by these animals (Lins et al., 2022). In contrast, the exclusion of these animals
can result in the recovery of these services, as observed in a regeneration chronosequence
(Oliveira et al., 2024). Therefore, reducing stocking rates or creating goat exclusion zones are
necessary measures to promote vegetation regeneration and the resilience of the Caatinga dry

forest.
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SUPPLEMENTARY MATERIAL

TABLES

Table S1: Ant species recorded interacting with Jatropha mutabilis (Pohl) Baill.
(Euphorbiaceae) and Commiphora leptophloeos (Mart.) J.B.Gillett (Burseraceae) seeds in 14
pairs of plots with and without goats in a dry caatinga forest in Catimbau National Park.
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Species

Commiphora leptophloeos

Jatropha mutabilis

Acromyrmex spl

Atta spl

Camponotus crassus

Camponotus spl

X

Cephalotes pusillus

Crematogaster spl

Dinoponera quadriceps

Dorymyrmex thoracicus

Ectatomma muticum

XX XXX XXX ([ X

Pheidole sp.1

Pheidole sp.2

Pheidole sp.3

Pheidole sp.5

XX XX XXX | X

Pheidole sp.7

Pheidole sp.8

Pheidole sp.9

Pheidole sp.10

Pheidole sp.11

Pheidole sp.12

XX XX XXX | X

Solenopsis sp.1

Solenopsis sp.2

Solenopsis sp.3

XX [ X

Solenopsis sp.5

X|X

Solenopsis sp.6




Table S2: Seeds of the species found in nests and control areas distant from the nests of
Dinoponera quadriceps in pairs of plots, with and without the presence of goats in a dry
caatinga forest in the Catimbau National Park.
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Species Nest Nest control
Byrsonima_gardneriana 15 8
Cenostigma_microphyllum 22 19
Commiphora_leptophloeos 17 24
Jatropha_mutabilis 2 1
Manihot_carthagenensis 2 3
Pityrocapra_moliniformis 23 132
Senegalia_piauhiensis 20
Senna_rizzinii 2 2
Sp.1 1
Sp.2 3 5
Sp.5 7
Sp.8 1
Sp.11 1
Sp.12 1
Sp.14 1 1
Sp.15 21
Sp.16 5

Sp.17 1
Sp.18 6 5
Sp.20 4

Sp.21 10

Sp.22 1

Sp.23 1

Sp.24 8

Sp.25 20
Total 122 273
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Figure S1: Schematic drawing of the seed removal experiment in plots with and without

goats in Catimbau National Park, Northeastern Brazil.

Figure S2: Seeds of Jatropha mutabilis (A) and Commiphora leptophloeos (B) seeds being
removed by the ant Dinoponera quadriceps; Nest of the species D. quadriceps (C); and soil

sampling in the nests of D. quadriceps (D), in Catimbau National Park, Northeastern Brazil.
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Figure S3: Schematic drawing of the post-dispersal experiment with soil sampling in nests
and control areas distant from the nests of D. quadriceps in plots with and without goats in

Catimbau National Park, Northeastern Brazil.

Figure S4: Seeds of Commiphora leptophloeos; Pityrocapra moniliformis; Senegalia
piauhiensis; and Cenostigma_microphyllum viable (A) and non-viable (B), after viability test

with Triphenyl Tetrazolium Chloride.
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5 CONSIDERACOES FINAIS

Os resultados desta dissertacdo contribuem significativamente para a
compreensao do impacto da criacdo extensiva de caprinos nos servigos de dispersao
e pbs-dispersao de sementes providos por formigas para plantas da Caatinga. Nossas
descobertas sugerem que a exclusdo de caprinos pode recuperar 0s servicos de
dispersdo de sementes por formigas para algumas espécies de plantas, essenciais
para manutencéo das florestas. Com a exclusdo de caprinos, mais sementes podem
ser dispersas e estas também tém a chance de serem transportadas por distancias
maiores. Nossos achados também mostram que Dinoponera quadriceps continua
sendo a espécie que melhor dispersa sementes na caatinga, podendo atingir
distancias que podem chegar aos 30 metros. A disponibilidade de sementes em
ninhos de D. quadriceps e nas areas circundantes é baixa e semelhante, indicando
gue ndo ha acumulo de sementes nos ninhos de formigas para facilitar um maior
recrutamento de sementes. Apesar disso, 0S processos seguintes a dispersao das
sementes podem comprometer todo o processo de manutencéo das florestas, caso
estas sejam depositadas em areas de pastoreio por animais como caprinos. NOsSso
estudo indica que a viabilidade de sementes, seja quando depositadas em ninhos de
formigas ou em seus arredores, € reduzida na presenca de caprinos.

Em muitas regides do mundo, as familias dependem da criacdo extensiva de
animais para sua subsisténcia. No entanto, taxas de lotacdo excessivas podem ter
impactos significativos nas comunidades vegetais e animais, afetando servigos
ecossistémicos essenciais, como a dispersao e protecdo de sementes realizada por
formigas. Portanto, € fundamental pensar em estratégias que conciliem as
necessidades das familias, garantindo uma fonte de renda sustentavel, com a
conservacgao dos servigcos ecossistémicos que promovem a regeneracao e resiliéncia
das florestas. A reducado das taxas de lotacdo ou a criacdo de areas de excluséo de

caprinos podem ser algumas destas estratégias.
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