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RESUMO

Este estudo teve como obijetivo investigar quaisfeisos de perturbacdes antropicas crénicas
(e.g coleta de madeira e de produtos florestais n&teim&ros, pastoreio extensivo, caca e
danos causados a vegetacdo pela introducdo deiessmd®ticas que ocorrem em areas
remanescentes de floresta) sobre a diversidadedmioa e filogenética da flora lenhosa da
Caatinga. Inicialmente, investigamos como se daest§o da perturbagdo cronica da flora e
seus efeitos sobre a biodiversidade através dadeeule 51 artigos que tratam do tema.
Verificamos que estes estudos, em sua maioria, mforaalizados em paises em
desenvolvimento, cujas populagfes humanas utiledloresta para subsisténcia e comércio.
Os efeitos da perturbacdo foram acessados prinugpé¢ ao nivel de populacdes e
comunidades, sendo a coleta de produtos floresémisnadeireiros a fonte de impacto mais
analisada. Os efeitos sobre a biodiversidade faangeral negativos, mas efeitos neutros e
positivos também foram registrados. O segundo waptitaz um estudo de caso que verifica a
influéncia das perturbagbes humanas cronicas soldieersidade e composicéo taxonémica
da flora lenhosa da Caatinga, realizado em variaprigdades privadas na cidade de
Parnamirim-PE, Brasil. Neste estudo foram amossramtanunidades lenhosas de adultos,
jovens e plantulas, e como preditores da pertudbag@nica utilizaram-se a densidade de
pessoas e animais domésticos (caprinos e bovialés), de indicadores de acessibilidade as
areas, como a distancia ao centro urbano mais pooxa estrada mais proxima e a
propriedade rural mais proxima as parcelas amasrafsses preditores tiveram em geral
efeitos negativos sobre a diversidade taxondmi@piendente do estagio ontogenético, sendo
a densidade de pessoas e de animais os preditaiesmportantes desses efeitos. Verificou-
se ainda que a composicdo das espécies nas ampabauas foi distinta, sendo pouco
representada pela abundancia de espécies de mddaga nas &reas mais perturbadas. O
terceiro e ultimo capitulo verificou como as conuawies lenhosas de adultos, jovens e
plantulas da Caatinga, amostradas no capituloianteéio afetadas pela perturbacdo crénica
do ponto de vista de diversidade e estrutura filégjea. Neste capitulo, utilizaram-se os
mesmos preditores da perturbacdo citados antememporém agora combinados em um
indice de perturbagéo cronica. A diversidade ddlianesperadas para histéria evolutiva da
regido e a distancia média entre os individuosagdessmunidades, medida em anos, foi
reduzida em ambientes mais perturbados e para todogstagios ontogenéticos. As
comunidades de jovens e de plantulas apresentaeann grau de parentesco em areas mais
perturbadas, sendo os taxons Euphorbiac&zmdonscolugesponsaveis por esse aumento de
parentesco. Os resultados desta tese demonstraas qerturbacdes antropicas cronicas na
Caatinga ndo podem ser negligenciadas, pois confa@ieitos negativos importantes a
diversidade taxonémica e filogenética da flora ¢teszh Dessa forma, estratégias de manejo
gue conciliem o uso dessas florestas e a manutetgdoodiversidade da Caatinga s&o
urgentes.

Palavras-chave:diversidade e estrutura taxondémica e filogenéticanunidades vegetais,
florestas tropicais secas, coleta de madeira, awiaxtensiva de animais, produtos florestais
nao madeireiros.
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ABSTRACT

The aim of this study was to investigate the eftéathronic anthropogenic disturbances (e.g.
harvesting of timber and non-timber forest produdtsnting, livestock, and damage to
vegetation caused by exotic species that occuriaral remnant forests) on the taxonomic
and phylogenetic diversity of wood flora from Biham Caatinga. Initially, 51 scientific
papers were revised in order to investigate howmhbranthropogenic disturbances affect the
flora of natural ecosystems. Most studies weredaoted at developing countries, where
human populations use forest resources for subsistand commerce. Chronic disturbance
effects were accessed mainly at population and aamignlevels, and harvesting of non-
timber forest products was the disturbance souraee rfiequently analyzed in those papers.
Effects of the chronic disturbances were in genaegative, however positive and neutral
effects were also documented. The second chapitegsba case study that evaluates the
influence of chronic disturbances on the taxonodiwersity and composition of Caatinga
wood flora from private propreties at the municiyalof Parnamirim-PE, Brazil. Adult,
sapling and seedling of wood plant communities veam@pled, and the density of people and
livestock (goats and catle) near the plot were wsegredictors of chronic disturbance, as
well as the distances to the nearest urban cemttael and rural property. In general, these
disturbance predictors showed negative effects aworomic diversity irrespective to
ontogenetic stage. Moreover, the density of peapte livestock near the plot were the main
predictors of these negative effects. Species caitipo differed between plots with low and
high level of disturbance, especially in relationhiard wood species, which were rare in the
plots highly disturbed. The third and last chajgtealyzed how the adult, sapling and seedling
communities, surveyed previously, were affecteathmpnic disturbances from the viewpoint
of the phylogenetic diversity and structure. Irstbhapter the chronic disturbance predictors
described above were combined into a chronic diatwee index. The diversity of families
expected to the local evolutionary history and thean phylogenetic distance between the
individuals were reduced in plots with higher leeéldisturbance for all ontogenetic stages.
Sapling and seeedling communities had higher degfreelatedness in most disturbed sites,
being Euphorbiaceas a@inidoscolustaxa responsible for this increasing in the relagss
degree. Overall, this thesis demonstrates thatneh@nthropogenic disturbance at Caatinga
could not continue to be neglected, as it imposdsterious effects to the taxonomic and
phylogenetic diversity of wood plant assemblageandjement strategies conciliating forest
use and the maintenance of Caatinga biodiversiyisgent.

Key-words: taxonomic and phylogenetic diversity and structptant communities, tropical
dry forests, timber harvesting, extensive livestowk-timber forest products.
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APRESENTACAO

As mudancas no uso da terra decorrentes das a®sdaumanas tem reduzido
drasticamente a cobertura florestal em escala gl&ssas mudancas, em geral, ocorrem a
partir da transformacdo aguda dos ecossistemasdmyselo desmatamento, que pode
implicar na reducdo do habitat e na consequentdapdireta de espécies. Além das
transformagbes agudas, os fragmentos florestaismesoentes podem ser submetidos a
impactos humanos em pequena escala conhecidos permwrbacdes crbnicas, que se
caracterizam pela remocao continua e frequenteoteabsa da floresta a partir de diversas
atividades (ex. criagdo extensiva de animais, ektrale lenha e outros produtos florestais
ndo madeireiros, caca e danos causados a vegeqiagdotroducdo de espécies exdticas).
Como essas perturbagbes crbnicas sdo continuaggeefites, elas séo consideradas
igualmente deletérias as agudas, ameacando a meéotda biodiversidade e dos servicos
ecossistémicos.

Visando contribuir com o conhecimento sobre od@salas perturbagdes cronicas nas
florestas tropicais secas, esta tese avaliou cossaseperturbacdes afetam a diversidade
taxondmica e filogenética de comunidades de plalelalsosas da Caatinga em distintos
estagios ontogenéticos. A tese consiste em dugssparprimeira é a fundamentacao tedrica
gue aborda os temas montagem de comunidades \#egetaorganizacdo de comunidades
vegetais apoOs perturbacdo humana. A abordagemsdessas teve por objetivo fundamentar
a hipotese diante da questdo geral da tese, a $ab&is os efeitos da perturbacdo cronica
sobre a flora lenhosa da Caatinga? A hipdtese atmltro € que as perturbacdes cronicas
predizem o empobrecimento da diversidade taxondmififogenética, uma vez que esses
impactos ocorrem de forma gradual e continua, cometendo a resiliéncia da comunidade e
permitindo a persisténcia apenas de espéciesritdsra esse tipo de disturbio.

A segunda parte da tese € composta por trés aapitlprimeiro deles é um artigo de
revisdo que surgiu da necessidade de entender melfen6meno da perturbagéo crénica
relacionada a flora sob o ponto de vista socioetioc® suas fontes e seus preditores de
impacto, bem como as consequéncias desses impatios a biodiversidade. No segundo
capitulo, o objetivo foi entender como as pertudleagcronicas afetam componentes da
diversidade taxondmica (riqueza, abundancia, eglidade e composicéo) das assembleias

de plantas lenhosas da Caatinga em diferentesiestégtogenéticos (adultos, jovens e
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plantulas). Por fim, o terceiro capitulo analisanoca perturbagéo cronica afeta a diversidade

e estrutura filogenética das assembleias adultanjae de plantulas em areas de Caatinga.
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FUNDAMENTACAO TEORICA
Montagem das comunidades vegetais

Um dos mais antigos desafios da ecologia de corada&lé: “elucidar os processos que
s80 responsaveis por padrdes de montagem das cadesi (PAVOINE; BONSSAL,
2011). De fato, esta sentenca sera ainda muitaads, ja que dia apos dia as comunidades
biol6gicas se rearranjam no espaco e tempo, paduifi proposicdo de hipoteses que apoiem
Oou neguem as teorias ja existentes. As primeirpsneipais teorias que discursaram sobre
conceitos e natureza das comunidades vegetaispgtesppor Frederich Clements e Henry
Gleason no inicio do século XX, identificavam ossgiweis processos responsaveis pela
montagem dessas comunidades (GUREVICH; SCHEINERX, FZD09). Para Clements
(1916) comunidades eram superorganismos ou unidhsigetas, onde fatores abibticos (ex.
clima e solo), bidticos (ex. interacdes como comg@et mutualismo e predacdo) e histéria
local eram importantes para formagdo das mesmaouo lado, Gleason (1926) defendia
gue as comunidades vegetais eram determinadas pdangas graduais, ndo discretas,
mediadas por eventos histéricos e eventos ao aeagmelas interacbes entre espécies
individuais e o meio ambiente (fatores bidticos leidticos). Segundo Gleason, as
comunidades eram formadas por espécies que poselezémcia similar a estes fatores, ndo
constituindo um superorganismo como defendido pements.

Embora os conceitos de comunidades vegetais estes eautores divergissem, fica
clara a convergéncia entre os principais fatorsgomsaveis pela estrutura das comunidades
vegetais, 0 que contribuiu para que, na atualidadélogos, em geral, aderissem a uma
posicdo intermediaria entre as ideias desses dtuses. E a esses fatores responsaveis pela
inclusdo e coexisténcia das espécies nas comusid@de o arranjo das espécies na
comunidade) se deu o nome de regras de montageMZEBERGERet al, 2012). Essas
regras de montagem podem ser ecoldgicas quandmgabnafiltros ecolégicos como a
dispersédo, o ambiente abiodtico e as interacfescédite podem ser também filogenéticas
qguando considera as relagfes filogenéticas exésteat comunidade (WEBB, 2000).

Uma das propostas sumarizadas langadas para entemde sdo as regras montagem
ecoldgicas de comunidades se baseou em dois matilesninisticos chave que agrupam
muitos dos fatores estruturadores descritos aciaprimeiro modelo é chamado de
paradigma de ilhas, pois trata dos processos qoeeot entre continente e ilhas, como a
imigracao/extin¢ao, disperséo, competicao e camas (Figura 1, WEIHER; KEDDY 1995,
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2004). Neste caso, as comunidades sao organizatkss ipteragcdes entre organismos, e a
coocorréncia das espécies depende da baixa sduai@rientre elas (sobredispersdo dos
atributos). O outro modelo, o paradigma atributoiante, foi baseado no conjunto de
atributos das espécies que podem ser modeladosapdliente, neste caso o habitat é
considerado como um filtro que pode levar a coréaei@/similaridade de suas caracteristicas
(subdispersdo dos atributos) (Figura 1, WEIHER; KE&D1995, 2004). A capacidade de
determinar a influéncia desses paradigmas na memtata comunidade depende ainda da
escala (WEIHERet al, 2011). Quando consideramos o paradigma de ibsesfeitos deste
tipo de modelo serdo observados principalmente srala local, uma vez que a interacao
entre 0s organismos pode ocorrer numa escala démetros a milimetros (WEIHER;
KEDDY 1995; GOTZENBERGER al, 2012). Ja o paradigma atributos/ambiente, ew,ger
supfe que a subdispersao dos atributos é geralmiesgevada quando se consideram maiores
ecalas (WEIHER; KEDDY 1995, CHASE 2014; GARZON-LOPE&t al. 2014).

>

Aleatoriedade

Efeitos histoéricos
Neutralidad

Subdisperséo dos atributos Sobredispersédo dos atributos

Aumento da escala

Atuacdo de filtros ambientais Atuacdo da competicdo e coexisténfia
Maior similaridade de atributos Similaridade limitada de atributos

Adversidade ambientd Adversidade competitiva

-

>

Figura 1. llustracdo adaptada que demonstra comderpcser as regras de montagem de
comunidades biologicas (WEIHER; KEDDY, 1995). Saipms autores, 0 primeiro passo
para entender as regras de montagem € buscar padr@@munidade. Os modelos baseados
no paradigma de ilhas prevém que com o aumentoddersidade competitiva (a direita)
encontram-se padrdes relacionados a sobredispdPsdiooutro lado, os modelos que se
baseiam no paradigma da adversidade ambientabj(eere) tém foco na subdispersdao dos

atributos da comunidade. Entre os dois paradigexaste uma zona de aleatoriedade na qual
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atuam forcas estocasticas historicas na montagerardanidade. A seta no eixo y representa

a escala de estudo, que também pode definir de egxielos serdo ou ndo encontrados.

Quando os paradigmas deterministicos (ilhas euatrstambiente) contribuem pouco
para a montagem da comunidade, como resultaddysegva maior influéncia dos processos
estocasticos (neutralidade e efeitos histéricosEINER; KEDDY, 1995). O resultado de
comunidades organizadas por processos estocagticasauséncia de regras bioldgicas
determinando a coocorréncia das espécies (WEIetER, 2011). Quando se considera que a
comunidade é organizada por processos estocassfigne-se que espécies com diferentes
atributos bioldgicos tem igual probabilidade degrai/dispersar e se extinguir (local ou
globalmente) caso tenham abundéancias iguais (HURBEQO1). Assim, a probabilidade de
uma determinada espécie se manter na comunidaaleglpcoporcional a abundéancia de seus
individuos na comunidade local, ou na metacomueid&sn relacdo a escala de aplicacao
desta teoria, alguns autores reportam que ela @inaipalmente em pequenas escalas
(CHASE 2014; GARZON-LOPEZ£t al, 2014), embora a teoria neutra incorpore evenqies
ocorrem em grandes escalas como a especiacao mva eeoldgica (MAUER; MCGILL
2004). Os efeitos histéricos dizem respeito a or@empo) em que as espécies chegam a
uma comunidade o que também pode determinar argaaipacdo (CHASE, 2003). Esse
efeito historico sobre a montagem da comunidadasérgado, por exemplo, quando em uma
regido com as mesmas adversidades competitivasbée s, observam-se sitios cujas
comunidades locais possuem estrutura e composigfiotal, sendo atribuida esta distincdo
as diferentes ordens de colonizacdo da regido pstgscies (FUKAMI; NAKAJIMA, 2011;
CHASE, 2003).

Além dos aspectos ecolégicos, as relacdes fildgasé entre as espécies da
comunidade podem estar relacionadas a estruturdgdanesma (WEBB, 2000). A
distribuicdo agregada por taxons aparentados nomartidade pode representar a existéncia
de atracao filogenética, indicando que o tipo dedsshabitat € uma caracteristica conservada
dentro do conjunto de espécies da comunidade (W&B&., 2002). Um exemplo sdo as
comunidades que se desenvolvem em condigcOes amibieastritivas i(e. secas severas e
inundacdes), e por isso possuem estratégias deveaghicia exclusivas de alguns tdxons
aparentados (VELLENI2t al, 2010). Mais recentemente, algumas evidénciasafgontado

que a distribuicdo agregada dos taxons na comuniglade também ser efeito da competicdo
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entre as espécies na comunidade (MAYFIELD; LEVIR&L0; HILLELISLAMBERS et al,
2012). Essas evidéncias se apoiam na idéia qusidevando mesmas condicfes ambientais,
a competicdo pode levar a dominancia de uma espéciglesempenho competitivo superior,
e, como consequéncia, pode ocorrer a exclusdoatopetidores inferiores e a permanéncia
apenas dos taxons mais aparentados que possuesempd®ho que garante a vantagem
competitiva (MAYFIELD; LEVINE, 2010). A competicAotambém pode levar a
sobredispersdo dos tdxons na comunidade, devid@lds@&o competitiva de espécies com
nichos similares e mesmo desempenho competitivqgoake, ainda, ocorrer sobredispersao,
guando tdxons pouco aparentados convergiram pamasamsimilar do nicho (WEBRt al,
2002). No caso da sobredispersdo dos taxons, d&egqaw resultado da forte competicdo entre
as espécies da comunidade que faz com que os tég@m distantes filogeneticamente, ou
resultado de convergéncia adaptativa (VELLE&tL, 2010).

Em sintese, podemos afirmar que a montagem dasnitewies biologicas é um
processo interativo, tendo o determinismo e a astmidade sua parcela de contribuicao
(TILMAN, 2004) e as relacdes filogenéticas fazendparte deste processo
(GOTZENBERGEREet al, 2012). Imaginemos que um propagulo chega a uerrdmado
sitio num tempo (t), ele pode ou ndo germinar @bedtcer-se (neutralidade). Se este
propagulo consegue estabelecer-se, reproduzir-é&rnear uma populacdo na area, 0s
individuos desta populacdo podem influenciar a afigpdade de recursos para outras
espécies (adversidade competitiva e sobredisperkie 0 mesmo propagulo chegar ao sitio
no tempo (t) e ndo encontrar condicOes ideais deladm para estabelecimento (alta
adversidade ambiental e atracéo filogenética onerg@ncia adaptativa), ndo se estabelecera
e ndo formard uma populagédo que influencie a dibpioiade de recurso para outras espécies
predecessoras. Como se observa, tanto fatoresnifgiéicos quanto os estocasticos atuam na
montagem das comunidades biologicas, as relaclegerieticas também fazem parte da

estruturacdo das mesmas e nos déo pistas sobnetagem ecoldgica das comunidades.

Paisagens modificadas pelo homem e a reorganizdgd@omunidades vegetais

Como as atividades humanas tém provocado enormefangas em todos oS
ecossistemas, acessar as consequéncias da pettudgeEr@da por estas atividades sobre a
estruturacdo da comunidade € uma questdo indisperesaesafiadora (CHAZDON, 2008;
SUNDING et al, 2008). Ecossistemas que sdo modelados pelagladig humanas
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geralmente tém em comum caracteristicas como han@gecdo da paisagem e alta entrada
de nutrientes e energia e cadeias alimentaresiBoagas (WESTERN, 2001; ALMEIDA;
WIRTH; LEAL, 2008; LOBOet al, 2011). O desmatamento é uma das principaigiatieis
antropicas agudas que comprometem 0s ecossistemastries, sendo reportadas taxas da
ordem de 64.000 km2/ano, por exemplo, para asstlasdropicais (WRIGHT, 2010). Quando
um bloco florestal continuo é deflorestado o qetarsdo pequenos fragmentos imersos em
matrizes agricolas e urbanas (RIBEIR®D al, 2009). Esses fragmentos, por sua vez,
resguardam apenas uma pequena parcela do haligfisabrsendo agora um conjunto de
manchas de floresta pequenas e isoladas (FAHRIG3)200omo consequéncia da
fragmentagédo, comunidades remanescentes das b@rdesais enfrentam novos regimes
microcliméticos e efeitos bioticos diretos e inthee(MURCIA, 1995). A regeneracao natural
das areas deflorestadas proximo ao fragmento poaleen, mas geralmente essas areas sao
utilizadas para agricultura e criacdo de animalBEHRO et al, 2009; Santost al, 2010), o
gue impede o avanco natural da regeneracgao.

Além dos efeitos decorrentes da fragmentacdo, emsaemanecentes de floresta
nativa podem sofrer distlrbios antrépicos cronigos ndo alteram drasticamente a estrutura
dos mesmos, no entanto ha a remocgdo continua eajrdd pequenas quantidades de
biomassa que pode empobrecer e simplificar ainda essas areas fragmentadas (SINGH,
1998). A perturbacédo do tipo cronica pode ser @kéioada por atividades como a extracao
seletiva de madeira, criagdo extensiva de rebambodloresta, coleta de produtos nao
madeireiros€.g.sementes, raizes, folhagem, cascas etc.) e asgapg poucos, transformam
uma regido natural em um mosaico de areas comedifs graus de perturbacdo (SINGH,
1998; MARTORELL; PETERS, 2005).

A reducédo na riqueza de espécies é em geral @gairtonsequéncia descrita da acao
antrépica intensa (desmatamento, fragmentacadijziegfio etc) nos ecossistemas (SILVA;
TABARELLI, 2000; MORRIS, 2010; GERSTNEE al, 2014). No entanto, a riqueza por Si
s6 pouco informa como a comunidade esta se esinttorapos a perturbacdo. Em geral, as
consequéncias da perturbacdo humana sdo bem n@asafetando também funcionamento
dos ecossistemas e histdria evolutiva das comuesdbibldégicas (MORIS, 2010; SANTOS
et al, 2010), e acessar essas consequéncias requarrdagdm de distintos niveis de
diversidade (PAVOINE; BONSALL 2010). O processo e@egtincdo das espécies €

direcionado e nao aleatério, e, em geral, as espéggetais vulneraveis possuem um
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conjunto de atributos (epifitas e arvores, distciéa restrita, pequena densidade local, sem
banco de sementes, grande biomassa etc) (MCKINNBDCKWOOD, 1999; FREVILLEet

al., 2007; LEAOet al, 2014). Se abordarmos do ponto de vista das tesisticas/atributos
gue conferem a vulnerabilidade ou aptiddo de espéem coexistir num determinado
ambiente, estamos tratando da questdo funcionapogde ser representada pela diversidade,
frequéncia e divergéncia de atributos na comuni@@ta et al, 2013.

Medidas de diversidade funcional vém sendo ampléanaprimoradas e utilizadas
para entender qual o papel de gradientes naturarsifieiais na organizacédo funcional de
comunidades (ver DiAZt al, 2007; MOUCHETet al, 2010; VILLEGERet al, 2010;
VIOLLE et al, 2011). Estudos baseados em estagios sucessipanisxemplo, mostraram
gue espécies de uma mesma sere geralmente apresemaconjunto de atributos
relacionados ao ambiente em que ocorrem (e.g. SAmdsicial: espécies fixadoras de N, de
folhas compostas com pequenos foliolos) (LEBRIJAJBSet al, 2010). Comunidades
abandonadas por uma década, ap6s regime intenssilvi®iltura, apresentam menor
contribuicdo de espécies com madeira densa, maitrilsuicdo de espécies que investem
menos nitrogénio e massa por unidade de area #a, foésultando em incremento da
produtividade primaria e ciclagem de nutrientescenio prazo, o que é tipico de espécies de
crescimento rapido (CARRENO-ROCABADG@t al, 2012). E sob diferentes fontes de
perturbacdo em areas fragmentadas, é observada fnegoéncia de atributos funcionais
como: espécies tolerantes a sombra (OLIVEIBAal, 2004, SANTOSet al, 2008), do
estrato emergente (OLIVEIRAt al, 2004), polinizadas por vertebrados (GIR&ADal,
2007); com sementes grandes e dispersas por \atteb(MELOet al, 2006, SANTOSt
al., 2008).

Como se pode observar, os achados citados quentdatanfluencia da perturbacéo
antropica sobre a diversidade funcional tem mostiue as comunidades se reorganizam
mantendo maior contribuicdo de atributos relaciosad tolerAncia as novas condicdes
ambientais criadas, bem como a estratégias quenagupouco investimento estrutural e
reprodutivo. Neste sentido, as perturbacdes hum@aascem atuar na montagem da
comunidade como um filtro ambiental, fazendo com gpenas alguns grupos coexistam, ou
neste caso se encaixa ainda a hipotese que tratiesdonpenho competitivo superior que
pode manter espécies aparentadas que possuem erentagmpetitivas superiores
(MAYFIELD; LEVINE 2010; HILLELISLAMBERS et al, 2014).
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Além da abordagem funcional, o entendimento daiestcdo da comunidade apos
perturbacdo pode ser obtido a partir da estrutlegehética das mesmas (WERBal, 2002;
SANTOSet al, 2010). A andlise da estrutura filogenética da womunidade também nos
fornece pistas sobre os processos ecoldgicos tfie @ganizando comunidade, tais como os
filtros ambientais e competicdo (WEBB, 2000; WERB al, 2002). Se os atributos
relacionados a vulnerabilidade a perturbacédo aicGg@io exclusivos em algumas linhagens
(conservatismo filogenético dos atributos segundd/ENDER-BARES et al 2004), a
extincdo de um clado com esses atributos podeaesrh agrupamento filogenético (DING
et al, 2012). Por outro lado, se os atributos reladosa extingdo sdo presentes em distintas
linhagens da comunidade, ndo s&o esperadas mudaigaficativas na estrutura e
diversidade funcional/filogenética de comunidadee gofreram perturbacdo (ARROYO-
RODRIGUEZ et al 2012). Assim, as mudancas observadas na estréinconal e
filogenética da comunidade devido a perturbacdoamanvdo depender das caracteristicas
originais da comunidade que pode ter os atribujogp@dos ou dispersos filogeneticamente.

Recentemente, Zhargt al (2014) analisando estudos publicados que avatizas
relacbes entre a perturbacdo e o agrupamento/siigpefilogenética em comunidades
biolégicas (arvores, arbustos, lianas, ervas e)awsirais e urbanas, concluiram que nao é
claro o efeito da perturbacdo humana sobre a esr@itogenética. Foram levantados por
Zhanget al (2014) onze estudos que contemplam a flora dssetemas naturais (arvores,
arbustos, lianas e ervas), 5 verificaram que augEtdo tornou as comunidades originais
mais agrupadas filogeneticamente do que o espesadacaso, enquanto que 6 estudos
restantes verificaram que a perturbacédo diminuisperséo filogenética, ou houve pouca ou
nenhuma mudanca na estrutura filogenética. A aisé@ecum efeito padrédo da perturbagéo
humana sobre a estrutura filogenética é justificaela influéncia de fatores como o tipo de
distarbio, forma de vida e a distribuicao origidak atributos nos clados antes da perturbacéo
(HILLERISLAMBERS et al, 2012; SWENSON 2013; ZHAN&t al, 2014).

Para ilustrar como esses fatores afetam a estritngenética de comunidades de
arvores e arbustos lenhosos, que séo objeto ddoedasta tese, foram reunidos os estudos
gue tratam exclusivamente dessas formas de videcessistemas naturais (Tabela 1). Para o
fator distribuicdo original dos atributos, ndo fodssivel obter informagBes exatas para
comparacgao nos estudos analisados. Em relacagaede perturbacdo, os estudos listados
tratam principalmente de éareas que sofreram pagdds agudas como queimadas e
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desmatamento, que, apds 0 uso para agriculturty pasimples abandono apdés o disturbio,
iniciaram a regeneracéo naturalmente (Tabela 1gs@&los foram realizados principalmente
em florestas tropicais, com dois casos em florestgperada. Dentre os estudos em floresta
tropical, apenas um deles avaliou as florestasicap secas. Em relacdo ao efeito da
perturbacdo na estrutura filogenética de arvorplmetas lenhosas, este foi difuso. Dos 13
estudos que contemplam arvores e arbustos lenhgs@$io deles encontraram maior
agrupamento, em outros quatro, o padrao foi dispers entanto, em menor grau quando
comparado as areas nao perturbadas. Os cinco sstsiantes verificaram pouco ou nenhum
efeito da perturbacao (Tabela 1).
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Tabela 1. Relacéo de estudos que verificaram @éindlia de perturbacfes antropicas sobre a estffilbg@nética de comunidades de arvores e
de arbustos lenhosos.

Tipo de perturbacac Ecossistema/Habits Estrutura filogenética apos a perturbaca Fonte
) o o _ i _ _ VerdU; Pause

-Alta e baixa ocorréncia de fogo Floresta Tropidatiiteraneo Agrupada e dispersa nas areas cone imeeisos fogo, respectivamente. 2007
Nos estagios iniciais aleat¢

-Queima seguida de regeneracdo natural Floregtacdlrediteraneo Nos estagios intermediarios dispersao. Verdu et al., 2009
Nos estagios tardios aleatodria.

. _ Reducéo de 11% distancia média filogenética em icidlaxles nas bord
-Fragmentacéo (bordas, pequenos fragmentos Floresta Tropical/Floresta _ . Santos et al.;
_ . _ de pequenos fragmentos. Nao houve evidéncia dersispou

<80ha e fragmentos em regeneracio) Atlantica Nordestina 2010
agrupamento.

-Areas que passaram por agricultura e est? Floresta Tropical/Flosta umidz Padréo disperso, e com o avango da sucesséo al-se que Letcher 2010

etcher

regeneracao natural de terras baixas comunidade tende a aumentar o grau de disperséo.

-Florestas maduras com exploracdo de ma

<40 anos Floresta Tropical/ Florestas Agrupada nas &reas mais perturbadas, aument@deséis nas areas )

- Florestas secundérias ap6s abandono (30 a 5%ropicais de terras baixa e montananenos perturbadas, sendo o maior grau de dispersdiorestas maduras.DIng etal, 2011
anos) de agricultura intinerante

-Desmatamento da paisagem (cobertura vegetaFloresta Tropical/ Floresta tropicalN&o verificou mudanca na estrutura filogenéticaddeso grau de 2:3:::%2 ctal

2012

reduzida de 96% a 76%) Umida deflorestamento.

-Areas em regeneracnatural apés abando _ o o o o
o ) Floresta Tropical/Florestas umidasPadréo disperso, principalmente para os indiviohas jovens da Letcher et al.,
(2.5 a 45 anos) de atividades de agicultura ou o _ ) ) . )
. do México, Brasil e Costa Rica  comunidade. Com o avanco da regeneracéo o graspeesdo aumenta. 2012
pasto

-Areas em regeneracéo natural (5a45anos  FlorestaTropica Aumento da dispersdo com o avanco da sucessaspéseas pioneire Norden et al.
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abandono da atividade de pasta Floresta Atlantica Nordesti

-Areas em regeneracéo apoés (10 a 55 an Floresa Tropical/Floresta umic

agricultura de subsisténcia de terras baixas
_ Floresta Temperada/Floreste
Queima frequente durante 40 anos
carvalhos

-Regeneracéo natural (20 a 120 anos)
abandono
-Perturbacgéo temporaria (coleta de madeira, linhas

L Floresta Temperada/Floresta
de corte para realizacéo de obras)

~ i i i Boreal

-Perturbacéo perpétua (areas urbanizadas, pastos,
campos de agricultura e com superficies

pavimentadas)

- Florestas em regeneracéo apos (20 a 50 anosftesta Subtropical/ Floresta

ocorréncia de corte raso perene latifoliada

- Bordas de fragmentos com as segu
matrizes: pasto com gado, pasto sem gado e Floresta Tropical/Floresta seca

vegetacao perturbada com gado.

estdo agrup@s em clados aparentados. As espécies especid 2012

floresta madura apresentaram menor parentescoeldouvento da

dispersdo com o avango da sucessao.

Agrupada nas areas em regeneracgao e dispersaamsdrtrole (floresti  Whitfield et al.,
maduras). 2012
Agrupada e com ocorrénciaespécies aparentadas nas areas queii  Cavende-Bares
com maior frequéncia. Reich 2012

Nao foram encontradas mudancas na estrutura @ogemelacionadas ao
. Zhang et al., 2014
grau de perturbacéo.

Com o avango da sucesséo diminuiu o agrupamentdemand-se

somente as angiospermas.

Considerando angiospermas e giminospermas, vargealispersiao nas Feng etal., 2014
areas perturbadas. Quando considerou somentei@spangpas verificou

diminuicdo da dispersdo com aumento da perturbacgao.

N&o verificou influéncia dos tipos de matrizes e@bestrutura filogenéti . )
Benitez-Malvido

da comunidade arbérea, em todos os tratamentostaresfilogenética
etal 2014.

foi aleatoria.
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Como se observa, entender como as comunidadesaie@stao se reestruturando
apos a perturbacdo humana, envolve a abordagemistiata$ niveis de diversidade
(taxonbmicos, funcionais, filogenéticos etc.), difete tipos de disturbio, diferentes tipos de
ecossistema e dos ndo mencionados anteriormente,tangbém importantes, contextos
econdmico e sécio cultural. Do ponto de vista dlaémcia das perturbacdes antropicas sobre
a diversidade taxondmica e filogenética de arverasbustos lenhosos, que sdo o foco desta
tese, os efeitos negativos sobre a diversidadendamma devido a perturbacbes intensas
parece ser um consenso. Por outro lado, a redugadiversidade filogenética devido a
perturbagdes intensas ndo ocorre sempre, pois dieplenfatores como a distribuicdo original
dos atributos na comunidade, do tipo de habitagsdala espacial avaliada, da quantidade e
gqualidade dos dados (HILLERISLAMBERS al., 2012; SWENSON 2013; ZHANGt al,
2014). Pouca atencao tem sido dada as consequéagisturbacao cronica sobre a estrutura
filogenética das comunidades, ainda que ja se tatiistrado efeitos deletérios a estrutura e
diversidade taxonomica (SAGA& al, 2003; MARENet al,2013). Dos estudos listados na
Tabela 1, apenas dois deles trataram dessas @&@debe ndo encontraram influéncia sobre a
estrutura filogenética da comunidade. Diante daposigdes, esta tese se dedicou
especificamente a entender como as perturbacOesct@a@aradas como cronicas tem
reorganizado a diversidade taxonémica e filogeaétia flora lenhosa da Caatinga, uma
floresta tropical seca ainda ndo investigada ss@ perspectiva.

Perturbacdes antrépicas e a flora da Caatinga

A Caatinga € um mosaico de florestas tropicais relatente secas e arbusto
esclerofiticos espinhentos que compreende um puligde 826,411 km2 do nordeste
brasileiro (11% do territorio nacional) (VELOS# al., 2002; ). A distribuicdo da Caatinga é
sobreposta a regido de clima tropical semi-aride, € caracterizado pela baixa precipitacao
(250-1000 mm; concentrada em 3-5 meses) e tempasanédias entre 23° e 27° (REDDY,
1983; SAMPAIO, 1995). Esta severidade climéticagstderada como a principal for¢ca que
controla os padrdes de crescimento e reproducaoodyenismos, tornando as florestas
tropicais secas ecossistemas naturalmente reegientesses pulsos climaticos (MURPHY;
LUGO, 1986). A vegetacdo da Caatinga € predominaetie decidua, poucas espécies
mantém suas folhas na estacdo seqgq Cynophalla hastatqdJacq.) J. PresErythroxylum

pungensO.E. Schulz &iziphus joazeiraViart.) (ANDRADE-LIMA 1981). A producgao de
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flores e folhas ocorre geralmente no fim da estagia ou durante a estagdo chuvosa, e
existem ainda algumas poucas espécies produzess fiardurante estacdo seca (LIstAal,
2012). As espécies vegetais da Caatinga geralnpestiem adaptacdes ao clima semiérido
gue incluem suculenciae . @familia Cactaceae e génekmphorbig, ceras epicuticulares e
tricomas €.g génerosAspidosperma Croton), e o armazenamento de agua nas raizes ou no
caule €.g Spondias tuberosarrudae Ceiba glazioviiKuntze) K. Schum.), (ANDRADE-
LIMA 1981; OLIVEIRA et al, 2003; BARROS; SOARES 2013). Embora a Caatinga se
descrita historicamente como um ecossistema pobrespécies e endemismos, a diversidade
de plantas vasculares chega a 932 espécies sewdadee34% delas endémicas (GIULIETTI
et al, 2004; LEALet al 2005).

Apesar da severidade climatica, a regido semi-&ttdaordeste do Brasil € uma das
regides aridas mais populosas do mundo com 26 dmaditkm2 (INSA 2012). E o
desmatamento para implantacdo de diversas atigsdadmanas fez com que atualmente
exista 45,6% da vegetacdo original representaddlgestas primérias ou secundarias que
provavelmente enfrentam perturbacdes agudas ecad(VIMA; IBAMA 2011). Da mesma
forma que outras florestas tropicais secas, a @gatfoi historicamente utilizada para
instalagdo de campos de agricultura e pastagemabedstidos primeiro nos locais mais
umidos, enquanto as areas mais secas foram udifizghra a agricultura itinerante
(SAMPAIO 2010). Na atualidade, o sistema agropasaimda considerado como a fonte
principal de perturbacbes nos remanescentes dengaa(MMA; IBAMA, 2011). Os
rebanhos comumente pastam em areas de vegetacéial gatonsomem plantulas, ramos
frescos e secos de espécies do estrato herbatestiar e arbéreo (LEAlet al, 2003;.
SAMPAIO 2010). A demanda energética € outro faterperturbacdo na Caatinga, que
comecgou com a ocupacao humana do Nordeste do BRESIGELHAUPT; PAREYN 2010).
Inicialmente, a lenha foi um subproduto da agngalt itinerante, mas, posteriormente,
tornou-se a principal fonte energética para osrestdomiciliar, industrial e comercial
(RIEGELHAUPT; PAREYN 2010). Por conseguinte, estangde demanda de lenha esti
sendo responséavel, ainda, pela devastacdo de grangies remanescentes, como podemos
observar na regido do polo gesseiro do Araripe tque menos de 40% de sua cobertura
vegetal nativa (PERNAMBUCO 2007). Além desses dibs relacionados ao uso
agropastoril e da lenha como matriz energética,aati@a vem sofrendo recentemente

transformacgdes agudas causadas por grandes obmasadoansposicéo do Rio S&o Francisco
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e Ferrovia Transnordestina. Essas grandes obrasngapn grandes areas de Caatinga e
também facilitaram o acesso a outras areas qua aprésentam alta diversidade biolégica.

Algumas consequéncias das perturbacdes humanassagud corte seguido de
gueima, regeneracdo apés abandono da atividadampal) sobre as comunidades de
plantas de Caatinga ja estdo sendo acessadpSAMPAIO et al, 1998, PEREIRAet al,
2001; ALVESet al, 2010). Em geral, apés a perturbacdo agudagrestas secundérias (c.a.
35 anos de regeneracdo) possuem altura e area d@saindividuos reduzida, menor
abundancia de individuos, menor riqueza e divedsidie espécies, e apresentam apenas um
subconjunto de espécies que sdo encontradas resraags conservadas (SAMPAKED al.,
1998, PEREIRA et al, 2001; ALVES et al, 2010). Apenas um estudo testou
experimentalmente efeitos agricultura de corteesnga sobre a regeneracao da vegetacao de
Caatinga (SAMPAICet al, 1998). Sampaiet al, (1998) verificaram experimentalmente que
dois meses apds corte de arvores e arbustos, 9#dividuos rebrotam. Por outro lado, em
regime de corte e queima, a rebrota representegemeracdo de apenas 10% dos individuos
(SAMPAIO et al, 1998). ApGs dois anos, 0s autores observaranmogudois tratamentos,
corte e corte segudo de queima, apresentaram ddesak individuos semelhante, mas no
tratamento de corte e queima houve maior cont@aougo recrutamento de novas plantas,
enquanto no corte houve maior contribuicdo da tabdos ramos. Além disso, os autores
demonstraram que, nessas areas em que ocorreuecqueima da vegetacdo, o retorno a
biomassa e a estrutura da vegetacdo original, gedprolongar por mais de seis anos
(SAMPAIO et al,1998). Nesse mesmo estudipton sonderianudlill. Arg. manteve suas
populagcdes com abundancias similares antes e dépoegime de corte e queima, enquanto
as juremasNlimosaspp.) tornaram-se dominantes apos o distUrbi@saptando os maiores
valores de abundancia, biomassa e area basal. tdot@nos autores ressaltam que a
regeneracdo deve ser mais lenta porque na pratiegritultura, os ramos que rebrotam séo
parcialmente ou totalmente eliminados.

E comum que as areas de Caatinga destinadas alagsce pastagem passem,
primeiro, pelo corte e queima da vegetagdo (SAMPAICal, 1998). Nesse processo,
algumas espécies sdo poupadas, como, por exengplelasa com valor medicinal (e.qg.
Ziziphus joazeiroe Sideroxylon obtusifoliunHumb. ex Roem. & Schult.), nutricionad.§
Spondias tuberosa& Cereus jamacaruDC.) ou protegidas por leie(g. Myracrodruon
urundeuvaAllemao eSchinopsis brasiliensigEngl.), as quais sdo mantidas em campos de
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cultivo e pasto. Quando essas areas estdo emdocessindaria (cerca de 35 anos ap0s a sua
utilizacdo na agricultura com pastejo) espécies oc@roton sonderianusmantem suas
abundancias nos diferentes estagios de sucess&E[(RE et al, 2001;. ALVESet al,
2010). Além desta espécie, outras menos abundantdscais conservados conimosa
tenuiflora (Willd.) Poir. aumentam suas popula¢gBes no iniéo sucessdo, devido a sua
capacidade de rebrota e resisténcia ao fogo (SAKRAIAL, 1993; PEREIRAet al, 2003).
Nesses estagios sucessionais, a representativitadeitras espécies € muito baixa, sendo
encontrados individuos jovens de poucas espéciEREMRA et al, 2003). Apds os 35 anos
desde o0 abandono, ndo sédo encontrados estudogsprevdhm a regeneracédo da Caatinga, e,
portanto, ndo se sabe que espécies sdo capazegstalselecer nesta etapa da regeneracao.

Até agora, abordamos os disturbios agudos, no tentan pastagem extensiva,
exploracdo seletiva de madeira e caca sdo comunéreas de Caatinga e sao tipos de
atividades humanas que levam a perturbacdes cgdritdam dos filtros criados por disturbios
agudos acima descritos, as perturbacdes cronic@sndagir atrasando a regeneracdo natural
nessas areas. Estes distlrbios crénicos ocorrebétarem locais preservados e as analises
de suas consequéncias sao recentes, especialngeft@atinga. No entanto, eles merecem
uma atencao especial uma vez que as comunidadesbama Caatinga utilizam os recursos
florestais de multiplas maneiras e desta formaicad(PAUPITZ 2010). Alguns estudos
preliminares ja apontam que distarbios crénicosepodeduzir a riqueza de espécies
arbustivas e arbdéreas da Caatinga (RIBEIRO-NET@RMo entanto, a maioria dos estudos
gue tratam da dependéncia humana dos produtosstiimena Caatinga tem focado
especificamente na identificagdo de espécies,safarmnabotanicos, potencial alimenticio etc
(ALBUQUERQUEEet al, 2012), sem abordar as consequéncias sobrersidage e quais as
praticas de manejo que podem conciliar 0 uso e teag#o da biodiversidade. Nesta tese,
buscamos preencher algumas lacunas do conhecimelattionado as consequéncias da
perturbacao cronica sobre a biodiversidade da @gatiratando especificamente dos efeitos
dessas perturbacfes sobre a flora lenhosa emtaks@stagios ontogenéticos (adultos, jovens
e plantulas).
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CAPITULO 1

Chronic antropogenic disturbances on natural planttcommunities: a review

of causes and consequences

MANUSCRITO A SER SUBMETIDO AO PERIODICO

TRENDS IN ECOLOGY & EVOLUTION
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ABSTRACT

Chronic anthropogenic disturbances (CAD) refer imls but frequent disturbances which
remove forest biomass in small quantities leaving false notion that the forest is intact.
Although CAD is considered a principal cause ofrddgtion in developing countries it has
received less attention as compared to acute destaes as habitat loss and fragmentation. In
order to provide an overview of CAD effects to biatsity, in this essay we analyzed CAD
socioeconomic scenarios, sources and predictoosighrthe review of studies published in
scientific journals from 1960 to 2014. We found fadblished studies which confirmed that
CAD occurs predominantly in developing countrieonir Asia/Oceania, Africa and
Central/Latin America. These countries were locat@ahly at tropical region with humid and
semi arid climate, and forest use was destinedubsistence and commerce. The principal
source of CAD investigated in the studies was thevdsting of non-timber forest products
(NTFP), but the frequency of combined impact sosirae NTFP, timber harvesting and
livestock also occurred. CAD effects were most ased in population and community levels
and was used a large number of CAD predictors figett metrics to indirect proxies. CAD
effects on biodiversity were mainly negative fordiVersity levels accessed, but neutral and
positive effects were also registered. These neatrd positive effects were attributed to
species traits as clonal regeneration and fast iggpwbesides the sustainable harvest
management. Important steps were done in ordernteratand the effects of CAD on
biodiversity, however conciliate forest human use &iodiversity requires more efforts to
access its effects from genes to ecosystems. Addity, the maintenance and use of these
chronic disturbed forests will depend on the agpion of sustainable harvest rates and other

alternatives asx situconservation strategies that increase forest jgtsdwailability.
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INTRODUCTION

Natural ecosystems can experience physical anddi@l natural disturbances which
are key factors on community dynamics, increasimggspatial heterogeneity and shaping the
evolution of life histories (Sousa 1984, Seidl le2@11). Natural disturbances such as treefall
gaps, hurricanes, erosion and floods are concepgdabs events that cause changes on
ecological properties of populations, communitiesl ahe entire ecosystem (Creed 2006).
Distinct from the natural disturbances, human disinces caused by diverse land use
changes are recognized as the main driver of themuglobal crisis of biodiversity (Morris
2010; Laurance et al. 2014).

The comprehension of human disturbance effectsaztiersity involves an analysis of
the disturbance regime, i.e. the combination okfyiptensity and frequency of disturbance
(Gerstner et al., 2014). Analogous to diseasesadicine, human disturbances in ecology can
be classified into acute or chronic (Figure 1). #&c@anthropogenic disturbances can be
defined as drastic, sudden transformations witlgelabiomass loss that preclude forest
regeneration or lead regenerating forest standsitial secondary succession stages (Singh
1998). Examples of acute disturbances are defoi@stéor agriculture, mining or other
activities that require complete forest removaleTuse of fire, common in slash-and-burn
agricultural practices, increases the intensitthedf type of acute disturbance. In 1998, Singh
also launched the term chronic anthropogenic dsince (CAD) to refer to a kind of
disturbance less noticeable, but characterizeddnuént transformations that imply in lower
biomass losses generally as firewood, or in then fof fodder, leaf litter and other non-timber
forest products. Because of their low intensity, BCAoes not suddenly change the forest
cover and geographic boundaries of the site, Iegathe false notion that the ecosystem is
being unaffected (Alvarez-Yépiz et al. 2008, Maetb& Peters 2009).

The number of studies that accessed the effed¢tarofin disturbance is vast, but a large
proportion of it deals with acute (as opposed tmwgit) forms of disturbance (Martorell and
Peters 2005). However, the actual biodiversity i€riand human population growth
projections points a major necessity of a widespreeew of these CAD ecological
implications on remnant forests (Laurance et &l1,22 2014), in order to conciliate their relict
biodiversity and the multiple forest uses. In tl@giew we analyzed socioeconomic scenarios,
sources, predictors and effects on biodiversitycbfonic disturbances related to plant
assemblages through the review of studies publighedientific journals from 1960 to 2014.
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To accomplish our proposal, we analyzed three ngiestions: (i) in which continent,
climatic zone, type of forest use, and human dgrent level these studies are most
frequent? (ii) what are the sources and predicddGAD evaluated in the studies? (iii) what
are the main CAD effects on biodiversity?

METHODS

Initially, we performed a literature search of stic published articles in the
database Thomson Reuters’ Web of Science for allabdaes available (http://
webofknowledge.com/; accessed 15 Nov 2014). Wedunihe search for the period of 1960
to 2014 and used the keywords: chronic anthropogdrsturbance*forest impacts, non-
timber forest products*impacts, forest subsistemopacts, and firewood collection*impacts.
Latter, we analyzed all articles’ abstracts in ortte evaluate if they really address to the
chronic disturbance concept (i.e. subtle but peenamemoval of small fractions of forest
biomasssensuSingh 1998), if the disturbance was related toetedgbiomass removak (g
non-timber and timber forest products) and measwaue ecological effect of CAD to
biodiversity. After this step, we conducted systBenanalyses of the papers in order to
identify the following variables socioeconomicalpasts, CAD sources and predictors,
ecological level assessed, and effects on biodiyascording the ecological level (Table 1).
After analyze the selected variables in each papergalculated the number and percentages
of studies (N, %) by category.

RESULTS AND DISCUSSION
General and socioeconomic aspects

The literature search provided 635 scientific papghose abstracts were analyzed.
From these studies we selected 51 that approacmichanthropogenic disturbance concept
related to vegetal biomass removal, and also sonmication on biodiversity. The first
important result of this review is that the volumepublications is growing from 1996 to
2014 (Fig. 2). Second, most studies were done atlal@ing countries from Asia/Oceania
(N= 19; 37.2%), Africa (N= 14; 27.5%) and Centrallth America (N= 12; 23.5%)
continents. We also registered six studies fromtiNéymerica (11.8%) and there was no
record from Europe. Most studies were developelopical areas (N= 44; 86.3%), and just
(N=7; 13,7%) in temperate. Whitin these tropia&as, the studies were developed mainly at
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wet (rainy) and humid regions, followed by semdariFig 3). These results are in
concordance with estimations that points Asia/Oreakfrica and Central/South America as
regions with high forest dependence (Forest Pedfrlegramme 2012), and in which regions
humid and dry climates are predominant (Kottek.e2@06).

The use of forest products for subsistence wasopnethnt in the analyzed studies
(N= 26; 51%), but the commercialization of foresbgucts in small markets (N= 8; 15.7%),
and the commercial use associated to subsistereel{N33.3%) were also verified. Both
subsistence and commercial forest uses are poageshenaces to numerous wild species
(Huai et al. 2013; Rakotoarinivo et al. 2014). & wompare the impact of subsistence and
commercial use, it is probably that commercial us@ly in more intense and frequent
disturbance regimes to supply the demand, and qaasdly may bring more impacts on
biodiversity. The human development index of theintdes was distributed in the five
categories: very high (N=1; 1.9%), high (N= 18;35), medium (N= 17; 33.4%) and low
(N=15; 29.4%). As we can observe the major pathefstudies were realized at developing
countries reinforcing the notion of their dependein forest resources (Singh 1998; FAO
2012).

CAD sources and predictors

The main source of chronic anthropogenic disturbamcalyzed was related to the
harvesting of non-timber forest products (Fig. 4blE S1). However papers also surveyed
forest sites that experienced cumulative disturearas the harvesting of timber plus non-
timber forest products plus livestock (Fig. 4). Exestence of more than one impact source is
a characteristic of chronic disturbed habitats,ciwhiurn in to a complex mosaic of differently
disturbed patches (Singh 1998; Martorell & Pet&@5).

We found in the examined papers a large numberesHsores and proxies used as
predictors of chronic anthropogenic disturbance b{@a S1).Chronic anthropogenic
disturbance effects were evaluated using the p@adicas single variables and predictors
combined in disturbance indexes (see; Murali et986; Shankar et al. 1998; Sagar et al.
2003; Martorell & Peters 2005). When used as sipgéslictors were common categorical
predictors as harvested/unhanrvested sites, hargestensity, harvesting techniques land
cover type/use etc (Table S1). Continuous variale® also used as single CAD predictors
as the distance from the settlement, number détnaumber of stumps in the plot, livestock
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density etc (Table S1). These single variables @ used combined in chronic disturbance
indexes obtained through the simple sum of thdatike impact per site (Sagrar et al. 2003;
Leal et al .2014), or by multivariate analyses asgpal component analyses (Martorell &
Peters 2005; 2009).

CAD effects on biodiversity

The major part of studies examined the effectsAMD@t population (N=23; 45%) and
community level (N=18; 35.3%), followed by individulevel (N=7; 13.7%) and studies that
analyzed a combination of both individual and pagpiah parameters (N=3; 6%). We did not
found studies that related CAD effects on ecosysésel, emphasizing the need of studies on
multiple ecological levels (Ticktin 2004). In retat of the effects of CAD predictors on
biodiversity, we observed that the negative effestsre predominant considering all
ecological levels, however we also verified neutnadl positive effects related to CAD (Fig.
5).Considering the individual level, CAD negativieets were related at the reduction of
individuals’ reproductive success (e.g. fruit apéd sets, Sinha & Bawa 2001; Van Lent et al
2014), patterns and rates of individuals’ growtll aeproduction (Gaoue & Ticktin 2007;
Jimenez-Valdes et al. 2010), increase in the nunsicetter-hoarded seeds per parental
individual (Lermyte & Forget 2009), and increasenafrient and leaf mass per area in leaves
of harvested individuals (Gaoue et al. 2011). W& jegistered two neutral effect of CAD
from individual level, one describing that the hestmg of the bryophyt&phagnum spdid
not change growth and height of individuals co\Rar{cura et al. 2010). Other neutral effect
was related to the hednemone altaicd&isch. ex C.A. Mey., which rhizomes harvesting do
not affect its production, furthermore increaseviérs size, stem length, leaf length (Huai et
al. 2013).

At the population level effects of CAD were relatedpopulations’ size, populations’
relative stability, proportion of seedlings of a&sfs in its total population and mortality rates
(Table S1). Harvesting of timber and non-timberduads and overgrazing by livestock
caused decrease in populations size (Tabuti 20@gndklasia et al. 2007) and were
responsible for tree populations decline due tleeedese in populations’ relative stability €
1) (Soehartono & Newton 2001; Endress et al. 20@hter & Witkowski 2013). CAD also
affects negatively the proportion of seedlings ogetspecies populations (Sagar & Singh
2004) and overgrazing by livestock is usually citedthe cause of seedlings and saplings
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mortality (Singh 1997; Endress et al. 2004; Stew®9), thus not allow seedlings and
saplings progress to up tree size (Singh 1997gn&e harvesting of non-timber forest
products as resin stems and barks also increasdgpiops’ mortality rates (Nakazono et al.
2004; Varghese & Ticktin 2008; Stewart 2009). Wspalerified cases of CAD neutral effects
on plant populations’ size and growth rates reldtedustainable harvesting and techniques
(Fedele et al. 2011; Schmidt & Ticktin 2012), amedes attributes as clonal regeneration
and fast growing that allowed populations persiste(Gchumann et al. 2012). Intermediate
degree of CAD promoted increase in populationsé sif cacti species aslammillaria
pectinifera(Martorell & Peters 2005), and increased poputagoowth rate oMammillaria
hernandezi(Ureta & Martorell 2009). However intense levelsGAD can reduce population
size and growth rate, respectively (Martorell &d?et2005; Ureta & Martorell 2009).

The effects of CAD related to forest communitiesravassociated to taxonomic
diversity and composition of distinct biologicalogips as fungi, plants, birds, and mammals
(see Table S1). In relation to tree species, chrdigsturbances as collection of timber and
non-timber products and overgrazing by livestockseal negative effects as reduction in
diversity components as species richness, abundandeevenness (Sagar et al. 2003;
Widayati & Carlisle 2012; Maren et al. 2013). Negateffects on community structure and
taxonomic composition were represented by the dserén basal area, canopy height and
cover (Metha et al. 2008; Maren et al. 2013), damae of small wood species (Shankar et al.
1998) and convertion of mature communities to tdyesuccessional stands (Souza et al.
2012). Neutral effects of CAD on tree communitiesrevrepresented by the absence of
changes in sapling and seedling regeneration imekted sites and maintenance of adults’
abundance (Walters 2005; Buffum et al. 2008). The=atral effects were justified by the
forest management of CAD with selective cutting f(Bon et al. 2008) and by the fact that
open areas formed by disturbance are good sitesefggneration of some species groups
(Walters 2005).

For the understory plant community we registerad éecurrences of CAD negative
effects (Table S1), which included reduction in@ee richness due the proximity to human
settlement (Murali et al. 1996) and decrease iretstdry vegetation cover, diameter at breast
height, stem density and Fisher’s index relateddovest of understory non-timber forest
products (Widayati & Carlisle 2012). Neutral andspiwe effects of CAD on understory

community promoted maintenance or increase in taxon diversity, stem density, and



35

% Ribeiro EMS, 2015. Efeito de perturbacées antropas cronicas sobre a diversidade da flora lenhosa @aatinga

individuals’ height (Kumar & Shahabuddin 2005; Metkt al. 2008). These neutral and
positive effects on plant understory were justifiegg the new soil and microclimate
conditions created by disturbances as the remduat® species that favors the dominance of
small wood and thorny species (Metha et al. 2008)lsy the fact that shrubs tend to flourish
with some opening of the canopy (Kumar & Shahabu@005).

Other CAD effects on community level were linked dimlogical interactions. The
collection of timber from dead wood caused the el@ee in polypore fungi richness, whose
are specialists in wood decomposition (Christeretead. 2009). CAD as harvesting of NTFP
(fruits) caused decrease in the taxonomic diversityhness of specialist species and
abundance of frugivorous birds, and also reducesl dpecies richness of fruit-eating
mammals (Moegenburg & Levey 2002; 2003; Borghe8i082. Leal et al. (2014) recorded
that myrmecochorous euphorbs with large seedsdveer Iremoval rates and shorter dispersal
distance by high quality seed dispersers in chrdisitirbed sites as compared to undisturbed
areas. Those authors also registered positiveteftddCAD as the increase in seed removal
by Ectatomma muticurant at sites with intermediate level of disturbaficeal et al. 2014).

CONCLUSION
This review demonstrates that CAD is a phenomeniatlgtrelated to developing

countries from tropical umid and semi-arid regiomBose subsistence and cash income
depend in some extent of forest products. Ecolbgffacts of CAD were mainly studied at
population and community levels, and were predontlganegative. However, neutral and
positive effects were recorded, supporting the ipdgg of reconciliation of forest use and
biodiversity maintenance. More research effort oADCeffects on ecosystem level and
approach of distinct diversity components (e.g.cfiomal, genetic, and phylogenetic) will
enhance our decision capacity when planning andyiogr out conservationist strategies.
Management of the negative effects of CAD will deghealso of work with local harvesters
combining local ecological knowledge, ecologicalds¢s, and public policy (Schmidt &
Ticktin 2012). Forests benefit 1.5 million of forekependent people worldwide (Forest
Peoples Programme 2012), and can continue to baraesof poverty alleviation if combined
to enhance income, employment options and strengipef local institutions through social

and conservationist policies and interventions ¢Bed 2005).
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Table 1.List of variables and its categories/descriptioalgred in the 51 studies that
approached CAD concept related to forest flora,asd some implication of CAD on

biodiversity.

Variables analyzed Categories/description

Socioeconomically Continent of location— North America, Central/South
aspects America, Africa, Asia/Oceania and Europe.
Climatic zone- Tropical, temperate and polar.
Type of forest use— subsistence, commercial and
subsistence/commercial.
Human development index low, lower middle, and upper
middle and high income. Developing countries ares¢h
classified as low, lower middle, and upper midaieoime by
the World Bank (2014).

CAD sources Timber forest products firewood, timber for building and
agricultural implements, charcoal and dead wood.
Non-timber forest products fruits, vegetables, leaves,
grasses, stems, barks etc.
Livestock- Extensive grazing on forest of goat, sheep and
cattle herds.
Wildfire — use of fire for species harvesting or some

occurrence of fire.

CAD predictors Harvest — measures of CAD related ho harvest.g(
harvested/unharvested, harvesting techniques etc.).
Livestock— measures of CAD related ho livestock on studied
forest as animals’ density, droppings frequency etc
Disturbance regime/history- type or historical use of the
forest €.g semi-natural, fallow etc.).
Wildfire — fire can facilitate harvesting of forest produor
accidentally occur in chronic disturbed forests.
Other indirect predictors— canopy cover, basal are
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Ecological level
assessed

Effects on biodiversity
according the
ecological level

number of human trails, human trails surface, nundfe

footpaths, distance to settlements, roads etc.

Individuals — rates related to individuals vegetative and
reproductive growth.

Population— population size, structure and dynamic.
Individuals/population — studies that accessed both
individual and population parameters.

Community — diversity components, composition and
interactions.

Ecosystem— Energy flows, nutrient and organic matter
dynamics.

Positive, negative and neutralthe judgment of the effect in
these categories were done considering authors aleut
the registered effect. Each of these categoriesregistered

once in each analyzed paper.
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Legend for figures

Fig 1. lllustration of the acute and chronic human distunces common in tropical forests
(Singh 1998; Martorell & Peters 2009). We can obséhe main activities that characterize
these disturbances, for acute (A), slash and/on lppomote total mischaracterization of a
mature forest. After land abandonment, the secogndegenerating forest may suffer chronic
disturbances and possibly never return to condit@milar to those pre-disturbance. When a
mature forest is chronically disturbed (B), littbanges in forest structure and composition
are observed. However, if very frequent and intestgenic disturbance may lead to further

biomass collapse and biotic simplification.

Fig 2. Number ofscientific papers that approached chronic anthrepmglisturbances effects

on biodiversity per year.

Fig 3. Number ofscientific papers that addressing chronic anthrepagdisturbances (CAD)

according their climatic zone.

Fig 4. Number of scientific papersaccording the type of chronic anthropogenic (CAD)
disturbance source. Disturbance sources codestiliber forest products, NT — non-timber
forest products, LI — livestock and FI — wildfird/hen the codes are combined by the plus

sign (+) indicate that the disturbances sourcesroed simultaneously.

Fig 5. Effects of chronic anthropogenic disturbances (CAID) biodiversity according the
ecological level. In each analyzed paper the pEseha positive, negative or neutral effects
were registered just one time per effect type.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
H Positive
[ Negative
B Neutral
Individual
Population
Community
0 10 20 30 40

Number of effects occurence



& Ribeiro EMS, 2015. Efeito de perturbacées antrépas cronicas sobre a diversidade da flora lenhosa @aatinga

Table S1.List of the 51 studies that approached CAD coneeptalso some implication of CAD on biodiversity.

49

CAD source

CAD predictors

Taxon/Group effects accesst

CAD effects onbiodiversity

Referenc

Timber and NTF

Timber, NTFP anu
livestock
Timber and NTF

Timber and NTF

NTFF

Timbet

NTFF

NTFF

Distance from the settlem

Canopy cover and livestor
presence/absence

Distance from the settlem

Distance from the settlem:

Harvesting techniqu

Harvesting intensit

Harvesting intensit

Harvesting intensit

Tree and understory commur

Quercus semecarpifo

Wood plant communi

Tree and understory pla

community

Phyllanthu: emblice and
Phyllanthus indofischeri
Aquilaria malaccensiand

Aquilaria microcarpa

Frugivorous birds communi

Frugivorous birds an

mammals community

Diversity, evenness and frequency of individual$-10 cm
height of trees were lower at proximal sites. Atlerstory
layer, richness was also lower at proximal sites.
Livestock promoted seedlings mortality, grazinghdd
allowed seedling and sapling progress to tree size.
Stand density and basal area declined from thardigh the
proximal stand, the dominance of small woody syzegias
increased at proximal sites.

Reduction in stems number of vertebrate disperkat
species, and increased number of stems from wspkied
species in proximal sites. Passive dispersal mabieal
exhibit any association with the disturbance index.

The harvested site had the fruit production red

The harvesting in the study area is not sustaingblyulatior
harvesting ofAquilaria malaccensisdividuals < 10cm dhb
and Aquilaria microcarpaindividuals < 30cm dhb can
promote populations decline.

In the most harvested sites frugivorous diversigg neduce:

Species composition changed in most harvestedasitb#he

abundance of frugivorous birds was reduced. Fatitig

Murali et al.
(1996)

Singh (1997

Shankar et a
(1998)

Ganeshaiah ¢
al. (1998)

Sinha § Bawa
(2001)
Soehartono
Newton (2001)

Moegenburg &
Levey (2002)
Moegenburg &
Levey (2003)
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Timber, NTFP anu

livestock

NTFF

NTFF

Timber anc

livestock

Timber, NTFP anu

livestock

Timber, livestock

Distance from roacmarket, Tree communit
human habitation, intensity of

cutting/lopping,

grazing/browsing (basal area),

impact of wild animals (saplings

density) and rockiness.

Harvesting intensit Ischnosiphon polyphylit

Harvestin(and livestock Chamaedorea radical

intensity
Light interception, density ¢ Tree communit

trees and canopy cover

Distance from road, marke Tree populatior
human habitation, intensity of

cutting/lopping,

grazing/browsing (basal area),

impact of wild animals (saplings

density) and rockiness.

Looping percentage, livestor  Tree and understory pla

mammals species richness was also reduced duestiagv
Disturbance changed species composition and s Sagar et al
distribution, reduced basal area, stems densiegisp (2003)

richness, evenness and alpha diversity.

Harvest intensity of 100% caused high mortalit Nakazono et a

individuals, however in harvest treatments of < 80&tality (2004)
rates did not differ.

Harvesting reduced fecundity and increased moytalitd Endress ¢al.
projected population decline. Livestock causedilseg, (2004)
juvenile and young adult mortality.

Higher species richness and diversity at internte: Mishra et al

disturbance. Reduction of tree density and treall@sa from (2004)
the undisturbed to the highly disturbed site, ctegng species
composition.

34 of the 65 studied species presented populatiotiscline, Sagar & Singt
increase in the proportion of declining speciehwitcrease in (2004)

disturbance intensity.

In the dry, Anogeiss-dominated and riparian forests the1 Kumar &
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and NTFI dung aniumber of trail community

Timbet Harvested/no harvest Wood plant communi

Timber, livestock  Goat droppings frequenc Mammillaria pectinifer:

and fire cattle droppings frequency,
browsing, livestock trail density,
soil compactation, fuelwood
extraction, human trails density,
human trails surface, settlement
proximity, contiguity to
activities cores, land use,
evidence of wildfires, erosion,
presence of soil islands and
Totally modified surfaces

Timber and NTF  Harvest inde

Timber and NTF  Disturbed/undisturbe

micrantha, Cassipourea

gummiflua, Cassipourea

16 Wood plant populatiot

Cyathea manniana,Brideli

Shahabuddil

species richness were reduced due disturbancerub ®rest, (2005)

canopy cover, basal area stems number, stems lagid

just stem height, canopy cover and basal areainelyat

affected by disturbance. The understory plant diteand

composition were not affected by disturbance.

Affected just the relativabundance of one species, buth  Walters (200¢
no effects on others species abundance and regienera

Martorell &
Peters (2005)

Larger population density w observed at intermedia
disturbance level, the complete removal of humdivities
from the system is likely to reduce some of theypafions.

Extreme disturbance may lead to extinction.

Reduction in tree the population’s s Tabuti (2007
Ndangalasia ¢

al. (2007)

Reduce the population abundance in most disturibes

malosana, Syzygium guineense,

Aphloia theiformis,
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Zanthoxylum <. end

Strombosiascheffleri

NTFF Harvesting techniqu Garcinia lucid¢
NTFF Harvesting intensit Euterpe eduli
NTFF Past logging, fire frequenc Khaya seneclensis

official protection status and
species population distance to
farms.

Timber, NTFP ani  Grazed area, distance to for Bird communitie

livestock edge and wood collection

intensity
NTFF Harvesting histor Bertholletia exce
NTFF Pruning and debatintensity Khaya senegalen:
NTFF Harvesting tchnique Canarium strictur
Timbet Harvesting intensity an Wood plant communi

distance to village

Ring-barking and felling strongly reduced the stocl
harvestable trees.

In nor-disturbed sites regeneration, survival and growts
usually reduced.

High harvest populations had lower densities ofllkegs anc
saplings.

Reduction in the abundance of bspecialist specie

Did not verified differences in regeneration dupleiation
history, all populations’ structure presented bgwaerse-J.
Did not found significant effects of debarking antbined
debarking and pruning on reproductive performabug,
heavy foliage harvest can decrease rates andrpatier
reproduction.

Resin collection with and without fire increased thortality

Did not verified effects of cutting intensity ongemneration ¢
seedling and saplings of preferred species, treerge

diversity and percentage of favorable trees.
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Guedje et al
(2007)
Fantini &
Guries (2007)
Gaoue &
Ticktin (2007)

Borgheio
(2008)

Wadt et al
(2008)
Gaoue &
Ticktin (2008)

Varghese &
Ticktin (2008)
Buffum et al.
(2008)
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Timber anc

livestock

Timbet

Timber and NTF

NTFF

NTFP, livestock
and fire

Timber, livestock

and fire

Trails of cattle and jeep, c
and/or broken stems, livestock

dung, people and fire

Polypore diversit

Land cover use (silvicultur:
protected area, heavily hunted
area)

Proximity to houses, dwelling

farms and cattle grower.

Harvesting histor

Goat droppings frequenc

cattle droppings frequency,
browsing, livestock trail density,
soil compactation, fuelwood
extraction, human trails density,
human trails surface, settlement

proximity, contiguity to

Tree and understory commty

Polypore communit

Carapasurinamensi

Pentadesma butyrac

Prunusafricana

Mammillaria hernandez and

Mammillaria dixanthocentron

In the most disturbed sites tree density, canofghliecanopy
cover and tree density were reduced. Understoghhand
shrub density did not change due disturbance. Blietirbed
sites had greater presence and density of smatywee
species, and greater numbers of understory species.

Reduction of polypore richne

In the heavily harvested plots verified seed disgldiailure

and insect predation.

In the most harvested sites the densitseedlings an
saplings were lower, no changes in adults derisity.
difference when considering the density of indiatsu
generated from root suckers.

Harvested alas had reduced fruit production and seec
survival, increase in mortality and the populatsbructure
was modified.

Mammillaria hernandez had higher growth rate
intermediate disturbed sites alMdmmillaria dixanthocentron

had lower population growth rate in more disturbitels.
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Mehta et al
2008

Christense et
al. (2009)
Lermyte &
Forget (2009)

Avocévol-
Ayisso et al.
(2009)

Stewart (200¢

Ureta &

Martorell
(2009)
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NTFF

NTFF

Timbet

Timber and NTF

NTFF

Timber, livestock

and fire

activities cores, land us
evidence of wildfires, erosion,
presence of soil islands and
totally modified surfaces
Harvesting techniqu Sphagnum sj

Harvested/no harvesi Agave marmoral

Local people appreciation Wood tree and shrt
decreasing in plant abundance, community
regeneration capacity of plants,
impact of root harvesting and
quality of firewood

Distance to nearest villag Tree and treelet communit
number of foot patches, canopy
cover and number of stumps.
Pruning intensit Khaya senegalen:
Goat droppings frequenc Coryphantha werdermanr
cattle droppings frequency,

browsing, livestock trail density,

soil compactation, fuelwood

extraction, human trails density,

human trails surface, settlement

Do not affect growth and height when compared it@ir
conditions.

Decrease in the individual growth and fecundityhia
harvested population.

Disturbance caused decline in the density of firgivepecie:

The abundance and basal area of useful speciesegkresc

in the most disturbed sites.

Harvest increased leaf nutrient concentrationrigddrees
water use efficiency and fruit production in dreas.
Decrease in population growth rates in the mosudisd
sites, livestock reduced growth rate in intermeddisturbed
sites, land degradation reduced growth rates imibet

disturbed sites.
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Rancura et a
(2010)
JimeneValdes
et al. (2010)
Thomas et ¢
(2011)

Hoang et al
(2011)

Gaoue et a
(2011)
Portilla-Alonso
& Martorell
(2011)
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NTFF

NTFF

Timber and NTF

NTFF

NTFF

Timber anc
livestock
Timber, NTFP anu

livestock

Livestock

proximity, contiguity tc
activities cores, land use,
evidence of wildfires, erosion,
presence of soil islands and

Totally modified surfaces

Distance of plant populations Pandanus guillaume

the village
Harvesting intensit

Land cover type/use (Protect
area, fallow and cropland)
Harvesting intensity, plc
location and harvested plant
abundance

Harvested/no harvesi

Harvesting histor

Land cover type/us(fallows,

semi natural, non-arable)

Livestock densit

Ceroxylon echinulatu

Anogeissus leiocar|

Trees and understo

community

Syngonanthus nite

Tree plant communit

30 Tree and shrub populatic

Adanonia digitate

Harvesting did not affect population density ofi@yed
populations.
In the most harvestesites the number of leaves after t

years was smaller than the control site.

Did not verify a declining population in studiedesidue
species traits as clonal regeneration and fastiggow
Understory vegetation cover, stem average dbheFs!
index and stem density are significantly lower anested
areas.

Traditional management practices had no impactlatipn
dynamics, but earlier harvest of golden-grass léads
population decline due plant uproot.

Chronic disturbed sites had a vegetation of eartgassione
stages.

Verified that land cover type modified s-class structure ¢
the major part of species, but did not affect papahs’
structure.

High livestock numbers caused population dec

55

Fedele et a
(2011)

Duarte &
Montufar
(2012)
Schumann €
al. (2012)
Widayati &
Carlisle (2012)

Schmidt &
Ticktin (2012)

Souza et a
(2012)
Jurisch et al
(2012)

Venter &
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Timber, NTFP anu
livestock

Timber, NTFP anu

livestock

NTFP

Timber, NTFP anu
livestock

NTFF

Canopy cover, distance Wood treecommunit
settlements, lopping and cutting
visual estimation

Land cover type/use (fallow

semi natural, non-arable)

Harvesting intensit Anemone altaic

Distance to road, distance Ant-plant interactior
houses, distance to urban center,

livestock and people density

Defoliation intensit

Wood plant communi

Chamaedorea erne-augusti

Disturbance caused decline sperichness

Survival and growth of woody species seedlingssaplings
are strongly related to land use. Most part of igsec
developed better in the communal area, but otheziep
developed better in non-arable and fallows.

In high harvest treatments flowers were largemdength
and leaf length were significantly higher. Morequar
intensively harvested populations individuals’ aage and
the number of individuals per unit area increased.

Seed removal bEctatomma muticuiwas highest &
intermediate disturbance level. Plant species laithe
elaiosome had smaller removal rates in most distusites,
but removal rates were not affected for plant geewiith
small elaiosome. Mean dispersal distance was fmest
higher at sites experiencing low disturbance.

High defoliation intensity reduced seed producton

seedling recruitment rate.
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Witkowski
(2013)
Maren et al
(2013)

Jurisch et al
(2013)

Huai et al.
(2013)

Leal et al.
(2014)

Van Lent et al
(2014)
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CAPITULO 2

Chronic anthropogenic disturbance drives the the mlogical

impoverishment of the Brazilian Caatinga vegetation
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Chronic anthropogenic disturbance drives the
biological impoverishment of the Brazilian Caatinga
vegetation
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Summary

1. In addition to acute transformations of ecosystems caused by deforestation, old-growth
forests world-wide are being increasingly altered by low-intensity but chronic human distur-
bance. Overgrazing and the continuous extraction of forest products are important drivers of
chronic disturbance, which can lead to the gradual local extinction of species and the alter-
ation of vegetation structure.

2. We tested this hypothesis in the Brazilian Caatinga vegetation, one of the most species-
rich and populated semi-arid regions of the world. Using a multimodel averaging approach,
we examined the impact of five recognized indicators of chronic disturbance (i.e. proximity to
urban centre, houses, roads. density of people and livestock) on the diversity, abundance and
evenness of 30 woody plant communities. We separately tested the response of seedlings, sap-
lings and adults to identify the ontogenectic stages that are most susceptible to chronic distur-
bance.

3. We recorded over 11 000 individuals belonging to 51 plant species. As expected, most indi-
cators of chronic disturbance were negatively related to species diversity and stem abundance,
with a variable effect on community evenness. The density of people and density of livestock
were the main factors driving changes in plant communities, with a stronger negative impact
on seedling and sapling diversities. Species composition also varied significantly with distur-
bance indicators, irrespective of ontogeny.

4. Our results show the potential negative impact that chronic disturbance can have on
Caatinga plant assemblages and highlight the fact that disturbance resulting from an
extractivism-based and subsistence economy are probably driving old-growth forest stands
towards shrub-dominated secondary stands.

5. Synthesis and applications. These findings indicate that chronic disturbance should not
continue to be neglected and we argue for: (i) research and rural programmes able to support
better practices in terms of land use and sustainable exploitation of forest resources, (i1)
improved governance and law enforcement to shift extractivism towards sustainable stan-
dards, and (ii1) expanding the coverage and effective implementation of strictly protected
areas.

Key-words: biodiversity crisis, chronic human disturbance, multi-model inference approach,
plant assemblages, seasonally dry tropical forests, semi-arid vegetation, species diversity
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Intreduction

Changes in land use have drastically decreased forest
cover world-wide, with research emphasizing habitat loss
and fragmentation as the to tropical
biodiversity and services provided by this irreplaccable
ecosystem (Laurance, Sayer & Cassman 2014). However,
old-growth and secondary forest patches are experiencing

main threats

increasing levels of human-related disturbance that do not
result in habitat loss and [ragmentation, but also have
negative impacts on the biological integrity of tropical
biota (Singh 1998; Laurance & Peres 2006). We refer, for
example, to continuous poaching, extraction of firewood
and non-timber forest products, as well as the damage
caused by livestock, which overall result in a subtle but
permanent removal of small [ractions ol forest biomass
(Martorell & Peters 2005; May-Tobin 2011). In contrast
to large-scale habitat loss and [ragmentation, chronic dis-
turbance 1s (1) usually diffuse, more frequent and operate
at a small spatial scale, (ii) not detected via traditional
resources such as satellite imagery (Laurance & Peres
2006), and (iii) not expected to cease even in those coun-
tries where habitat loss is now regulated.

Chronic regimes in fact represent a global pervasive
source ol disturbance that operates as complementary
sources of habitat degradation and species erosion in
human-modified landscapes (Mahiri & Howorth 2001,
FAO 2011). Reductions in stem density, basal area, spe-
cies richness and community evenness and changes in
plant demographic structure and proliferation of distur-
bance-adapted species, which all cause detrimental effects
to forest-dependent and long-lived plant species, have
been reported (Sagar, Raghubanshi & Singh 2003; Smart
el al. 2006 Wiegmann & Waller 2006). Plant-animal
interactions. such as seed dispersal. can also be altered in
sites experiencing livestock, hunting and firewood collec-
tion (Leal, Andersen & Leal 2014), but our general under-
standing on the impacts that chronic disturbance may
have on plant species diversity and vegetation structure is
still limited (A]varcz—YépM et al. 2008).

The Caatinga vegetation of Brazil consists of broad
mosaics ol scasonally dry tropical lorest and scrub vegeta-
tion (Veloso, Sampaio & Pareyn 2002). This semi-arid
region sustains over 23 million people (11-8% of the Bra-
zilian population) and is one of the most populated semi-
arid regions globally, with 26 inhabitants km~' (INSA
2012). Nearly 10 million m® per year of firewood and
charcoal are obtained via exploitation ol native vegetation
(Gariglio er al. 2010), and historically goat herds can
16 million animals (IBGE 2010a). Collectively,
slash-and-burn agriculture, overgrazing by livestock and
firewood collection impose a continuum of degradation
varying from reduced biomass to complete desertification
(Leal ef al. 2005). Despite this alarming scenario, the role

exceed

played by chronic disturbance on plant community struc-
ture in the Caatinga has been poorly examined (Leal et af.
2005; Santos ef al. 2011). The Caatinga vegetation thus

offers an interesting opportunity to address how season-
ally dry tropical forest and semi-arid biotas respond to
small-scale land use (as opposed to commercial land use)
in order to provide conservation guidelines and better
practices.

We assessed how Caatinga plant assemblages are
affected by small-scale but frequent disturbance, such as
extensive browsing by livestock, selective tree removal,
firewood collection and hunting. Because human distur-
bance usually favours a small group of disturbance-toler-
species that ultimately become locally dominant
(Smart er al. 20006; & Waller 2000),
expected that all indicators of chronic disturbance would
be negatively related to stem abundance, species diversity
and community evenness. These relationships, however,
were expected to be stronger in seedling and sapling
assemblages, as these ontogenetic stages are often more
vulnerable to chronic disturbance (Singh, Rawat & Gark-
oti 1997).

ant

Wiegmann we

Materials and methods

STUDY AREA

The Caatinga encompasses 826 411 km? of seasonally dry tropi-
cal forests and scrub vegetation restricted to Brazil (MMA &
IBAMA 2011). The studied area is located in the Parnamirim
municipality, Pernambuco state, mnorth-east Brazl (8°5'26"S;
39°34'41"W: Fig. 1). The climate is semi-arid, with an average
temperature of 26 °C and most of the 431 mm mean annual rain-
fall is received between January and May (IBGE 1985; CPRM
2005). Soils are predominantly non-calcic brown soils (clay soil).
regosols and planosols (sandy soils) (IBGE 1985). The Caatinga
vegetation has undergone deforestation since the sixteenth cen-
tury for extensive livestock and temporary farming (Leal el al.
2005; IBGE 2010b). Parnamirim municipality has approximately
55% of the original Caatinga forest cover. Forest products
extracted for medicinal purposes, animal and human food, and
wood collection are also common within the forest remnants.

STUDY SITES

We established 30 50 x 20 m plots (Fig. 1) within a 220 km?
landscape dominated by old-growth vegetation cxposed to
chronic disturbance. We considered old-growth vegetation to be
forest stands not exposed to slash-and-burn agriculture in the last
50 years (Leal, Andersen & Leal 2014). Because the response of
tree species to chronic disturbance may be affected by soil char-
acteristics (Pinheiro, Rodal & Alves 2010), we located 15 plots on
brown non-calcic soils and 15 on regosols. We adopted a land-
scape scale perspective to obtain a gradient of chronic distur-
bance intensity. We used five indicators of chronic disturbance
that have been described as important drivers of human distur-
bance in tropical forests studies. They are (i) proximity to the
nearest house (Proximity to house) (Sagar, Raghubanshi & Singh
2003; Martorell & Peters 2005; Leal, Andersen & Leal 2014), (ii)
proximity to the nearest road (Proximity to road) (Sagar, Raghu-
banshi & Singh 2003; Leal, Andersen & Leal 2014), (iii)} proxim-
ity to Parnamirim city (Proximity to city) (Sagar, Raghubanshi &
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Fig. 1. (a) Study arca in north-castern
Brazil, (b) the Parnamirim municipality (in
black) within the Pernambuco state (in
grey), (¢) the study landscape in which we
located 30 50 x 20 m plots and (d) the
urban centre of Parnamirim (black trian-
gle) (the white areas in (d) represent defor-
ested areas).

Singh 2003; Leal, Andersen & Leal 2014), (iv) density of people
living near the plot (People) (Leal, Andersen & Leal 2014), and
(v) density of livestock (Livestock) (Leal, Andersen & Leal 2014).
We opted [or proxies instead of direct measures of logging, hunt-
ing, cutting and overgrazing because disturbance is not casily
quantified at the landscape scale (Acharya & Dangi 2009). Thus,
plots covered a wide range of disturbance level (see Table S1 in
Supporting Information).

We used satellite imagery from the Advanced Land Observing
Satellite (ALOS) to estimate the indicators “Proximity to housc’,
‘Proximity to road” and ‘Proximity to city’ as the reciprocal dis-
tance from the centre of each plot. To estimate ‘People’ and “Live-
stock’, we first identified all occupied dwellings near the plots.
Through 40 interviews, we collected information on the number
of people living in, and the number of stock managed by, each
dwelling. We later used the ALOS satellite imagery to localize all
dwellings in a 2-km buffer area from the centre of each plot and
then estimated ‘People’ and ‘Livestock™ in terms of density taking
into account the interview data and an area of 1256 ha. We
selected this buffer size because local people reported that the
maximum dispersal distance of herd animals is 2 km.

SURVEY OF PLANT COMMUNITIES

We sampled plant assemblages in each plot during the rainy sea-
sons of 2012 and 2013. We considered three stages (adults, sap-
lings and seedlings) to identify the ontogenetic stages that are
most susceptible to chronic disturbance, as well as to predict
compositional change in plant communities. Adults were delined
as individuals with diameter at soil height (DAS) >3 ¢cm and
height >1-5 m; saplings were individuals with DAS <3 em and
height between 1 and 1.5 m; and seedlings were defined as indi-
viduals with height <1 m (Rodal. Sampaio & Figueiredo 1992;
Felfili, Carvalho & Haidar 2005). We recorded all adults found
in each 50 x 20 m plot. Saplings were sampled in three 5 x 5 m
subplots located in the centre of each 50 x 20 m plot and sepa-
rated by 10 m. Seedling communities were sampled in 2 x 2 m
subplots located in the centre of each 5 x 5 m subplot. We iden-
tified all plants at species level by comparing the sampled species
with samples from the Federal University of Pernambuco herbar-
ium and the botanical nomenclature followed APG [ (2009).

Human chronic disturbance on Caatinga flora 613
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STRUCTURE OF PLANT COMMUNITIES

We first calculated the inventory completeness for each site and
ontogenetic class using the coverage estimator recommended by
Chao & Shen (2010), which is a less biased estimator of sample
completeness:

_ ]i (n—1)fi
G =15 {(ir*l).fl+2fz]'

where f} and 5 are the number ol species represented by one (sin-
gletons) and two (doubletons) individuals, respectively, and # is
the total number of individuals in each sample.

Because sample coverage was variable among plots and onto-
genetic classes (ranging from 20% to 99%), our estimates of spe-
could be biased
completeness (Chao & Jost 2012). particularly because species
richness is sensitive to variations in the number of singletons and
doubletons (Jost 2006). Thus, following Chao & Jost (2012), we
estimated the species richness of adults, saplings and seedlings in
each plot using coverage-based extrapolations with the iINEXT
software (Hsich, Ma & Chao 2013). In particular, we considered
99% completeness as a reliable estimator of richness for all plots
(Chao & Jost 2012).

In addition to estimating species richness (or "D), we estimated
the inverse Simpson concentration (or 2P) (Jost 2006). Both °D
and °D are in the same units and satisfy the replication principle
(Jost 2006), which is required in biodiversity assessments as it
considers the uniqueness of each species that compose an assem-
blage (Gotelli & Chao 2013). The formulas of ’D and ?D are
detailed elsewhere (Tost 2006). °D is not sensitive to species abun-
dances and so gives disproportionate weight to rare species (Jost
2006). In contrast, 2D favours abundant species and can be inter-
preted as the number of “very abundant” or "dominant’ species in
the community (Jost 2006).

To assess changes in community structure, we also considered
stem abundance in each plot and the evenness factor (EF) pro-

cies richness by differences in  sample

posed by Jost (2010). EF represents the proportion of dominant
species in the community, and it is derived from the measures of
effective number of species (EF = 2D;"D) (Jost 2010). EF ranges
between 1 (when the community is perfectly even) and nearly
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1/°D (when the community is dominated by one species; Jost
2010).

DATA ANALYSES

First, we ran a Mantel test to check lor spatial independence ol our
samples before testing our hypothesis (see Appendix S1, Supporting
information). Then, for each ontogenetic class (i.e. adults, saplings
and seedlings) and each response variable (i.e. °D, D, abundance
and EF), we built generalized linear models including five continu-
ous explanatory variables ("Proximity to house’, ‘Proximity to road’,
‘Proximity to city’, ‘People’ and *Livestock’). To avoid multicollin-
earity problems between the predictor variables, we first estimated
the variance inflation lactor (VIF) of each predictor using the car
package for R version 3.0.1 (R Core Team 2013). All VIF values
found were lower than 3-1, indicating that none ol our predictors
were collinear (Neter, Wasserman & Kutner 1990), allowing us to
include all of them in generalized linear models.

To test (and control for) the effect of soil type on each
response variable, we included this categorical factor in the mod-
els as a fixed factor, as variations in continuous covariables were
independent from variations in soil type. Then, using a multi-
model inference approach (Burnham & Anderson 2002), we iden-
tified the subset of models with stronger empirical support. We
ranked the models from the best to the worst based on the
Akaike's information criterion corrected for small samples
(AICc). The set of models with a dilference in AICc (i.e. AAICc)
<2 was considered to have strong empirical support and similar
plausibility, explaining most ol the variation in the response vari-
able (Burnham & Anderson 2002).

To evaluate the importance of cach predictor and produce
model-averaged parameter estimates, we used Akaike weights
(w;), which represent the probability that a particular model is
the best model for the data. Thus, we summed w; of ranked mod-
els until the total was =095 (Whittingham er /. 2005). The set of
models for which Zny; was 0-95 represents the models for which
we have 95% confidence that the set contains the best approxi-
mating model to the true model (Burnham & Anderson 2002;
Whittingham et al. 2005). The relative importance of each predic-
tor was assessed based on the sum ol Akaike weights (Zw;) of

(a) D (b)
Soil type mm
Proximity to house h
Proximity to road =i 38%

‘

Proximity to city

each candidate model in which the predictor appeared (Burnham
& Anderson 2002).

As recommended for count response variables, when analysing
stem abundance, we constructed generalized linear models with a
Poisson error and a log-link function (Crawley 2007). To correct
for overdispersion associated with models with Poisson errors
(Crawley 2007), we used QAICe values instead of AICc in such
models (Calcagno & Mazancourt 2010). Models for *D, *D and
EF were tested using a Gaussian error structure, alter testing that
they showed a Gaussian distribution (Shapiro-Wilk test). All
models were built using the package glmudti for R version 3.0.1
(Calcagno & Mazancourt 2010). We also estimated the goodness-
of-fit of the models by estimating the percentage of deviance
explained by the complete model compared with the null model
(Crawley 2007).

To assess how species composition in cach ontogenctic stage was
related to disturbance indicators, we used a partial canonical corre-
spondence analysis (CCA), controlling for the effect of soil type.
To prevent spurious elfects caused by low species abundance and
to minimize the risk of type Il statistical errors, CCA was per-
formed excluding rare species (those with <5 individuals) with the
package vegan for R version 3.0.1 (R Core Team 2013). We used a
two-way ANOVA to test for CCA model and axes significance.

Results

We recorded 10 862 adult plants (362 4+ 92.1 stems per
plot: mean + SD) belonging to 51 species (18-5 + 3-6).
For the sapling assemblage, we recorded 732 stems
(11:6 £+ 6:5) from 40 species (6-7 + 2:2). In the seedling
community, we recorded 314 stems (10-6 + 3-5) from 34
species (5-1 £ 1-8). Among the three ontogenetic classes,
the most representative families were Euphorbiaceac and
Fabaceae, with 10-13 species per ontogenetic class.

In all model sets, the single best model received limited
support relative to alternative models (sece Table S2, Sup-
porting information). In general, the associations between
explanatory and response variables were notably stronger
in the adult (21-38% of explained deviance; Fig. 2) and

Fig. 2. Predictor variables included in the
AAICe <2 set of models (black bars) and

People -
Livestock b
(c) Abundance (d)  Evenness factor
Soil type |

Proximity to house

Proximity to road =i

34%

Proximity to city

Peopi —
Livestock
-1-0 -0-5 0-0 0-5 10 -10 -0-5
Zw;

'

95% set of models (grey bars) for (a) the
species richness D, (b) inverse Simpson
concentration 2D, (¢) stem abundance and
(d) community evenness of adult plant
communities in the Caatinga forest. Brazil.
The importance of each variable is shown
by the sum of Akaike weights (axis x).
The sign (+) of Akaike weights represents
the effect (positive or negative) ol each
predictor on cach response variable based
on the model-averaged parameters shown
in Table 1. We also indicate the percentage
of explained deviance within each panel.

-h 28%
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sapling communities (24-32%:; Fig. 3) than in the seedling
communities, in which models explained less than 24% of
total deviance (Fig. 4). In most cases, the indicators of
chronic disturbance showed negative associations with "D,
2p and stem abundance (Table 1). In fact. considering
only the cases in which the explanatory
appeared in at least one model of the set of best models
(i.c. those with a AAICc <2 indicated with + and I in
Table 1, see also Table S2), most associations (16 out of
22, 73%) were negative. This pattern was consistent in all

variables

ontogenetic classes. The few positive, but strong associa-
tions were found when evaluating the cvenness [actor,
particularly within the adult and sapling assemblages
(Table 1).

The indicators of chronic disturbance that best pre-
dicted changes in diversity, abundance and evenness of
plant communities were “People’ (included in 20 out of 56

(a)
Soil type
Proximity to house
Proximity to road
Proximity to city

: g . : People
Fig. 3. Predictor variables included in the

AAICe <2 set of models (black bars) and Livestock'
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best models, 36%), ‘Livestock’ (36%) and “Proximity to
house” (34%) (see Table S3, Supporting information). The
high sum of Akaike weights for these three variables fur-
ther demonstrated their importance to plant communities
(Figs 2-4). Yet, the predictive power of each explanatory
variable response variables, particularly
when considering different ontogenetic classes (Figs 2-4).

varied across

In particular, ‘People” and ‘Livestock’ showed similar
impacts on the diversity and evenness of plant communi-
ties (Table 1). They were both strongly and negatively
related to the number of dominant species (°D) in the
adult (Fig. 2), sapling (Fig. 3) and scedling (Fig. 4) com-
munitics. When considering adults, they were both posi-
tively related to species richness ("D, Table 1), and as a
consequence, these two [actors were negatively related to
community evenness (Fig. 2). However, when assessing
the seedling community, both factors were negatively

D (b) 1

95% set of models (grey bars) for (a) the
species richness "D, (b) inverse Simpson (c)
concentration >D, (c) stem abundance and
(d) community evenness of sapling com-
munities in the Caatinga forest, Brazil.
The importance of cach variable is shown
by the sum of Akaike weights (axis x).

Soil type
Proximity to house

Proximity to road

Abundance (d) Evenness factor

|
=t 32%

==
e B

. . . Proximity to ci
The sign (4) of Akaike weights represents ty o city
the effect (positive or negative) of each People
predictor on each response variable based Livestock
on the model-averaged parameters showed —10
in Table 1. We also indicate the percentage
of explained deviance within each panel.
(@)
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Proximity to house

Proximity to road
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Iw,
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||
24% 13%

|
Proximity to city J
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Fig. 4. Predictor variables included in the i
: Livestock d
AAICc <2 set ol models (black bars) and
95% set of models (grey bars) for (a) the
species richness ’D. (b) inverse Simpson (c) Abundance (d) Evenness factor
concentration “D. (c) stem abundance and :
Soil type
(d) community evenness of seedling plant o o d h
communities in the Caatinga forest, Brazil. ~ "roXimity to house =] |
The importance of each variable is shown Proximity to road - 15% | 8%
by the sum of Akaike weights (axis x). Proximity to city - =
The sign (4) of Akaike weights represents
the elfect (positive or negative) ol each Repple d s
predictor on each response variable based Livestock |
on the model-averaged parameters shown -1-0 =05 0-0 05 10 =10 -05 0-0 05 1.0
in Table 1. We also indicate the percentage Tw

of explained deviance within cach panel.
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Table 1. Values ol model-averaged parameter estimates ($) and unconditional variance (UV) of information-theoretic-based model selec-
. . . Lo . . . .

tion and multimodel inference for species richness (D), inverse Simpson concentration (°D), stem abundance and community evenness
for each ontogenetic plant community sampled in the Caatinga forest, Parnamirim municipality, Pernambuco, Brazil

oD D Abundance Evenness [actor
Predictors B uv B uv B uv B uv
Adults
Soil type —0-242 0-774 0-000 0-099 —0.202 4-589 0-003 0-000*
Proximity to house 0-590 2-379 0-835 1-314 —0-207 1-300 0-032 0002+t
Proximity to road —0-132 0-145 —0-010 0-017 —0.002 3.488 0-000 0-000%
Proximity to city —27-90 159-25 —1-255 10-904 —0-569 2-608 0-045 0-017%
People 0-363 0-027* —0-077 0-014* 0-020 2-305 —0-003 0-000%
Livestock 0-506 0-317%F —0-085 0-032%% —0-050 7-311 —0-109 0-001%F
Saplings
Soil type —0-287 0-798 —0-077 —0-104 —0-281 6-447 0-009 0-001*
Proximity to house 0015 1-153 1-062 1-255 —0-147 2-073 0-133 0-016%F
Proximity to road 0211 0-205% —0-006 7-314 —0-004 3-162 —0-008 0-000%"
Proximity to city —35-356 T8-311 —0-844 0-027+" —0:011 7773 0-095 0-103
People —0-153 0-061%¢ —0-084 0-014* 0-000 6-569 0-003 0-000+
Livestock 0-126 0-139 —0-150 0-042% 0-010 4-371 —0-038 0-000%F
Seedlings
Soil type —0-008 0-226 0-112 0-128%* —0-189 0-004* 0-028 0-002*
Proximity to house 0-426 0-526 0-110 0-250 0-010 0-008%* 0-007 0-002*
Proximity to road —0-896 0-073* —0-041 0-020% —0-009 0-000* —0-001 0-000%
Proximity to city —1-180 16-935 —0-714 5-653 0-009 0-000* —0-028 0-041
People —0-624 0-017% —0-039 0-006*7 —0-012 0-000* 0-000 0-000*
Livestock —0-135 0-071%F —-0-039 0-013% 0-000 0-000% 0-002 0-000%*

*Values with an asterisk indicate cases where the unconditional variance was smaller than the model-averaged parameter estimates, sug-
gesting safety in interpretation of f (Burnham & Anderson 2002). For each response variable and ontogenetic stage, we also indicate the
explanatory variables that appeared in one (') or more (*) models within the set of best models (see Table S2).

related to species richness, but positively related to even-
ness (Table 1). This pattern of lower D, lower >D and
higher evenness was also observed when assessing the
impact of ‘People” on the sapling communities (Table 1,
Fig. 3).

‘Proximity to house” was positively associated with the
evenness factor of the three ontogenetic classes, with a
stronger effect on the adult (Fig. 2) and sapling (Fig. 3)
assemblages. Although weaker, ‘Proximity to road’ was
positively related to °D, but negatively associated with the
evenness factor of sapling communities. However, when
considering the seedling community, plots closer to roads
showed lower D and *D. Interestingly, stem abundance
was poorly explained by these indicators of chronic dis-
turbance, although the explained deviances of ‘Proximity
to house’ and ‘Proximity to road’ were relatively high
when considering adult and sapling communities (Figs 2
and 3). In these cases, the unconditional variances were
greater than the model-averaged parameter estimates. This
suggests caution in the interpretation of such model-aver-
aged parameler estimales, as it indicates that parameter
estimates were very spread out around the mean. Only
when assessing the seedling community, we found model-
averaged parameter estimates higher than the uncondi-
tional variances (Table 1).

The first two CCA axes explained 42% and 21%,
respectively, of the variation in adult communities species
composition under the disturbance indicators (Fig. 5a). In

© 2015 The Authors. Journal of Applicd Ecology

the sapling communities, these percentages were 36% and
31% (Fig. 5b), whereas in the seedling assemblage, they
reached 40% and 32% (Fig. Sc). In all cases (adults, sap-
lings and seedlings), species composition varied signifi-
cantly with the disturbance predictors (P < 0-05). Species
such as Croton sonderianus and Jatropha mollissima were
positively related to disturbance indicators in all ontoge-
netic stages, whereas Bauhinia cheilantha, Fraunhofera
multiflora, Myracrodruon urundeuva and Senna macran-
thera were negatively related to such indicators of distur-
bance (Fig. 5).

Discussion

As expected, the indicators of chronic disturbance evalu-
ated in this study showed a negative impact on plant spe-
cies diversity (both "D and D) and stem abundance
leading to a generalized impoverishment of plant commu-
nities across all ontogenetic classes, despite the fact that
some species may respond positively to increased distur-
bance. Furthermore., degradation of plant communities
increased with density of people and livestock within the
stands of Caatinga vegetation (i.e. additive impacts), sup-
porting a causal connection between rural human popula-
tions and the degradation vegetation.
Although Caatinga degradation (including desertification)
has been widely discussed in the literature (Leal ¢/ al. 2005;
Santos er al. 2011), here we offer tangible quantitative

of Caatinga
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evidence (although indirect) for an important ecological
impact that has gone unmeasured and little appreciated
until now.

These findings reinforce the notions that (i) chronic dis-
turbance can impose gradual (and hence unappreciated)
but rather measurable degradation impacts on tropical
forests, particularly in socio-ecological contexts marked
by poverty in rural populations (Singh 1998; Sagar, Rag-
hubanshi & Singh 2003; Martorell & Peters 2005), (i1)
although human density has been considered an impor-
tant driver of habitat loss in tropical countries (see Aide
et al. 2013; Laurance, Sayer & Cassman 2014), it should
be also considered a proxy of habitat degradation (Leal,
Andersen & Leal 2014), and (iii) livestock is able to
impose deleterious impacts on plant communities, particu-
larly in dry forests (Carmel & Kadmon 1999; Leal, Vicen-
te & Tabarelli 2003). Finally, as already demonstrated in
the case of habitat loss and creation of forest edges in
tropical forests (LOobo er al. 2011; Tabarelli ef af. 2012),
few plant species benefit and may eventually proliferate in
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Fig. 5. CCA ordination diagrams displaying the plant—specics rela-
tionships, in distinct ontogenctic stages (a — adults; b—saplings and
¢ — seedlings), with the indicators of chronic disturbance (arrows)
recorded at old-growth Caatinga forest sites in Parnamirim munici-

pality, Pernambuco, Brazil. Each arrow points in the direction of

maximum change of cach disturbance indicator across the diagram,
and ils length is proportionate to the rate of change in this direc-
tion (i.e. disturbance indicators with longer arrows are more closely
rclated to the pattern of species distribution shown in the ordina-
tion diagram). Plant species: 1. Amburana cearensis (Allemio) A.C.
Sm., 2. Anadenanthera colubrina (Vell. Brenan), 3. Aspidosperma
pyrifolivm Marl., 4. Bauhinia cheilantha (Bong.) Steud.. 5. Cnidosc-
olus quercifolius Pohl, 6. Cnidoscolus vitifolius (Mill.) Pohl, 7.
Cochlospermum vitifolium (Willd.) Spreng., 8. Commiphora fepto-
phloeos (Mart.) 1.B. Gillett, 9. Crotorn adamantinus Mill. Arg., 10.
Croton sonderignus MUll. Arg., 11. Cvnophalla hastata (Jacq.) J.
Presl, 12. Dalbergia cearensis Ducke, 13. Erythroxyium pungens
O.E, Schulz, 14. Fraunhofera multiflora Mart., 15. Guapira gracitifl-
ora (Marl. ex J.A. Schmidl) Lundell, 16. Guettarda angelica Mart.
ex Mull. Arg., 17. Jatropha molissima (Pohl) Baill., 18. Jairopha
ribifolia (Pohl) Raill_,
Hoffm., 20. Mimosa tenuiflora Benth., 21. Myracrodruon urundewva
Allemao, 22. Piptadenia stipulacea (Benth.) Ducke), 23. Poincianel-
la microphylla (Marl. ex G. Don) L.P. Queiroz, 24. Poincianelta py-
ramidalis (Tul.) L.P. Queiroz, 25. Sapium glandulosum (L.)
Morong, 26. Schinopsis brasiliensis Engl., 27. Senegalia polvphyila
(DC.) Britton, 28. Senma macranthera (DC. Ex Collad) H. S. Irwin
& Barbeby, 29. Cordia trichotoma (Vell.) Arrdb. ex Steud., 30. Zizi-
phus joazeiro Mart., 31. Cereus jamacaru DC.. 32. Pilosocereus go-
unellei (F.A.C. Weber) Byles & G.D. Rowley), 33. Pilosocerens
pachycladus F Ritter, 34, Varronia leucocephala (Moric.) 1.8, Mill.,
35. Ditaxis desertorum (Mill. Arg)) Pax & K. Hoffm., 36. Combre-
tum monetaria Engl. & Diels, 37. Jatropha mutabilis Benth.

19. Manihot pseudoglaziovii Pax & K.

chronically disturbed habitats. This is particularly true for
species with vegetative spread and high resprouting abil-
ity, such as Croton sonderianus.

Several processes seem to synergistically operate and
underlie the simplification and homogenization of old-
growth Caatinga stands under chronic disturbance. First,
the potential combination of lower sced availability
(Singh, Rawat & Garkoti 1997), failed seed dispersal by
wild frugivores (Leal, Andersen & Leal 2014), lower ger-
mination rates and higher herbivory by livestock (Papa-
christou & Platis 2011; Marcora et al. 2013) could explain
the lower diversity and simplification of seedling and sap-
ling communitics in more populated sites. In addition to
bovines, goats are farmed extensively in the Caatinga,
with stocking rates frequently exceeding governmental
agency lechnical recommendations aimed at avoiding hab-
itat degradation, as native plants (i.e. leaves, flowers,
buds, fruits and bark) represent the main diet component
of the goats (Pereira-Filho, Silva & Fontles 2013). Sec-
ondly, the replacement of disturbance-intolerant species,
such as B. cheilantha, S. macranthera, M. urundeuva and
F. multiflora, by disturbance-adapted species, such as
C. sonderianus, Mimosa tenuiflora and J. mollissima, may
permanently alter the structure and composition of plots
with higher densitics of pcople and livestock. Finally,
local people have been reported to intensively collect plant
resources for multiple purposes from medicine to famine

© 2015 The Authors. Journal of Applied Ecology © 2015 British Ecological Society, Journal of Applied Ecology, 52, 611-620
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alleviation (Lucena er a/. 2008). We shall bricfly discuss
the collection of long-lived, hardwood species for rural
fences and constructions (¢.g. M. wrundewva, F. multiflora,
Anadenanthera colubrina, B. cheilantha and  Piptadenia
stipulacea; Ramos et al. 2008), and vegetation harvesting
for domestic and commercial firewood. In north-east Bra-
zil, 25% of total energy demand is supplied by fuelwood
and charcoal; nearly 10 million m® year ! of fuelwood
and charcoal are obtained via deforestation of native
vegetation (80%) and managed patches of Caatinga vege-
tation (1-6%), among other sources (Gariglio et al. 2010).
Such permanent exploitation of forest resources by one of
the largest human populations (in terms of density) living
in a semi-arid region is likely to result in plant population
collapses and the impoverishment of plant assemblages.
On the other hand, disturbance-adapted but not useful
species tend to proliferate and cause vegetation biomass
decline due to reduced stem density.

CONSERVATION AND MANAGEMENT IMPLICATIONS

In many aspects, the Caatinga biota illustrates the multiple
values and the challenges experienced by seasonally dry
tropical forests and some semi-arid biotas. First, they are
frequently recognized as Hotspots, Global Wilderness (Gil
2002) or important centres of endemism (Pennington, La-
vin & Oliveira-Filho 2009). Secondly, they have been
neglected n terms of conservation efforts and public poli-
cies devoted to sustainable development (Sanchez-Azofeifa
et al. 2005; Santos ef al. 2011). Most seasonally dry tropi-
cal forests sull lack an effective network of protected areas
(e.g. <2% of Caatinga territory is protected), with many
strictly protected arcas experiencing subsistence and cco-
nomic activities, including low-input farming, livestock
production, wood harvesting and plant collection (Leal
et al. 2005). Thirdly, dry forests support a large density of
mncreasing and usually poor human populations, which are
heavily dependent on forest resources for their livelihoods
(Blackic er al. 2014). Thercby, they are experiencing grad-
ual, but persistent degradation processes, ranging from the
extinction of endemic and emblematic species (e.g. the
Spix’s macaw in the Caatinga region) to alarming rates of
desertification (Leal er al. 2005; MMA & IBAMA 2011).
Finally, this fragile ecosystem is expected to confront dras-
tic shifts in patterns of rainfall in response to global warm-
ing. thus scaling-up poverty-driven degradation (IPCC
2007; Blackie et al. 2014).

This the potential
impacts caused by human-imposed chronic disturbance on
Caaltinga vegetation and reinforces the notion that distur-
bance resulting from an extractivism-based and subsis-

rescarch demonstrates negative

tence cconomy is probably driving old-growth forest
stands towards shrub-dominated secondary stands (Leal
et al. 2005). These chronic, small-scale human distur-
bances might accumulate into major ecological impacts.
ranging [rom biological impoverishment, as suggested
here. to desertification. This possibility requires further

mvestigation as it poses drastic challenges to reconcile
human needs. biological conservation and provision of
ccosystem services considering the current socio-ccological
context experienced by tropical biotas. In many situations,
the taxonomic impoverishment of tropical plant assem-
blages is associated with extirpation of key ecological
g. old-growth flora), reduced functional
diversity and collapse of ecosystem services (Tabarelli,
Lopes & Peres 2008).

Assuming increasing pressure on forest resources world-
& Cassman 2014),
disturbance should not continue to be neglected across
initiatives devoted to biodiversity conservation and rural

plant groups (c.

wide (Laurance, Sayer chronic

development. Basically, we argue for (i) rescarch and rural
programmes able to support better practices in terms of
land use and sustainable collection of forest resources,
particularly in terms of livestock management and wood
collection (i.e. improved land sharing via adaptive and
mitigative approaches), (ii) improving governance and law
enforcement in order to move forest extractivism towards
sustainable standards, and (iii) expanding the coverage
and eflfective implementation of strictly protected areas,
that is the elimination of livestock and collection of forest
products nside protected Such
appears to be feasible in the face of increasing local and
global concerns relative to the socio-ecological problems
(see Melo et al. 2014). Unless issues of land sharing and
land sparing are appropriately addressed in the Caatinga,
human exploitation and habitat degradation will unavoid-
ably lead to desertification and loss of this irreplaceable

areas. commitment

biome.
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Appendix S1.Results of the Mantel test applied to test thepadhplots independency for
each ontogenetic stage (adults, saplings and sgsilli

We applied a Mantel test with the packagganfor R version 3.0.1 (R Core Team 2013) to
test for a significant correlation between the cosional similarity among plots (Bray-
Curtis index) and the inter-plot distance matrirédest per ontogenetic class). The Mantel
test did not reveal a significant spatial autodatren in any of our datasets (adults:0-18,
P=0-09; saplingsr =0-04, P = 0-29; seedlingst =008, P =0-15), thus, we can consider the
plots as independent samples.
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Table S1.Proximate predictors of chronic disturbance measum 30 plots at Caatinga old-
growth forests in Parnamirim municipality, PernaduBrazil.

Chronic disturbance predictors* Mean (£SD) Min Max
Proximity to nearest house (km) 1-480 0530 2901
Proximity to nearest road (km) 0-356 0003 1423
Proximity to Parnamirim city (km) 6-494 2498 16530
Density of people leaving near the site (2 km) 6-26 0 12
Density of livestock (2 kni) 1176 0 600

*A satellite image by the Advanced Land ObservirageSite (ALOS) was used to estimate
the following indicators: proximity to nearest heuproximity to nearest road, and proximity
to city as the reciprocal of distance from the eewmtf each plot (km). The information about
the density opeople leaving near the sand density of livestock was obtained from intemse
with 40 occupied-dwellings near studied plots.

tCorresponds to the number of persons registeradoinffer area of 2 km of radius from the
center of each studied 50 m x 20 m plot.

FfRepresents the density of livestock found in ddidrea of 2km of radius from the center of
each studied 50 m x 20 m plot.
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Table S2.Results of information-theoretic-based model s&lacand multimodel inference for species divergiy, °D, abundance andlF) of
plant communities considering three ontogenetissaa in the Caatinga forest, Parnamirim municigaitazil. We detailed thaAICc < 2 set

of models. “X” indicates variable inclusion in eaiadividual model.

Response variable*/ o o o
Proximity ~ Proximity to Proximity to

Ontogenetic class/ Soil type _ People  Livestock Al¢ AAIC S W,
Models to house road city
°D (species richness)
Adults
1 X X 17065 000 0187
2 X 17203 138 0093
3 X X X 17246 181 0075
Saplings
1 X 16871 000 0086
2 1689 019 0078
3 X 16922 051 0066
4 X X 1696 089 0055
5 X X 16967 096 0053
6 X 17013 142 0042
7 X X 17047 176 0035
8 X X 17054 183 0034
Seedlings

1 14984 000 0106
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g b~ W N

6
D (abundant species)
Adults
1

o o1 A WDN

7
Saplings

1

2

3

4

5
Seedlings

1

X

14986
15019
15099
15164
15176

12498
12%8
12573
1267
12664
12@89
12697

11610
11642
11648
11601
11789

1144

002
035
115
180
192

000
070
075
109
156
191
199

000
032
038
081
179

000

0105
0080
0059
0043
0040

0106
0075
0073
0061
0048
0041
0039

0098
0084
0081
0065
0040

0127
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aa b~ W N

6
Abundance
Adults
1
Saplings
1
2
3
4
Seedlings
1
2
3
4
Evenness factor
Adults
1
2

X X X X

X

1181
11742
1147
1109
11811

76878

22665
22732
22770
2285

1583
1597
163168
16380

-6736
-6712

077
128
133
185
197

000

000
067
105
160

000
014
185
197

000
024

0086
0067
0065
0050
0036

0756

0170
0122
0100
0076

0118
0110
0047
0046

0105
0093
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g b~ W

6
Saplings

1

2

3

4
Seedlings

1

2

X

X

X

X

x

X X X X

-6705
-6614
-6552
-6%41

-1263
-1131
-1106
-1069

-199
-180

031
121
184
195

000
132
157
193

000
069

0090
0057
0042
0039

0151
0077
0068
0065

0162
0115

*Response variable€D) species richness ) inverse Simpson concentration, stem abundancén@ncbmmunity evenness
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Table S3.Frequency of occurrence (numerator) of each explayaariable within the set of best models*.

_ Explanatory variables
Response variable per _ _ _
_ ) Proximity to Proximity to Proximity to _

ontogenetic classt Soil type _ People Livestock
house road city

D adults 0/3 (0 %) 1/3 (33 %) 0/3 (0 %) 3/3 (100 %) 0/3 (0 %) 2/3 (66 %)

D saplings 1/8 (13 %) 1/8 (13 %) 3/8 (38 %) 3/8938 3/8 (38 %) 1/8 (13 %)

D seedlings 0/6 (0 %) 0/6 (0 %) 2/6 (34 %) 1/6 (7 % 2/6 (34 %) 1/6 (17 %)

’D adults 0/7 (0 %) 3/7 (43 %) 0/7 (0 %) 2/7 (29 %) /7 @3 %) 27 (29 %)

’D saplings 0/5 (0 %) 4/5 (80 %) 1/5 (20 %) 1/5 (20 %) 3/5 (60 %) 2/5 (40 %)

’D seedlings 1/6 (17 %) 0/6 (0 %) 1/6 (17 %) 1/69d)7 1/6 (17 %) 1/6 (17 %)

Abundance adults
Abundance saplings
Abundance seedlings

EF adults
EF saplings
EF seedlings

1/1 (100 %)
414 (100 %)
1/4 (25 %)
0/6 (0 %)
0/4 (0 %)
1/2 (50 %)

1/1 (100 %)
3/4 (75 %)
0/4 (0 %)
3/6 (50 %)
3/4 (75 %)
0/2 (0 %)

0/1 (0 %) 1/1 (100 %)

0/4 Y0 %

0/4 (0 %)

0/4 (0%) 0/4 (0 %)

0/6 (0 %)
1/4 (25 %)
0/2 (0 %)

1/6 (17 %)
0/4 (0 %
0/2 (0 %

1/1 (100 %)
1/4 (25 %)
1/4 (25 %)

3/6 (50 %)

2/4 (50 %)
0/2 (0 %)

1/1 (100 %)
1/4 (25 %)
1/4 (25 %)

416 (67 %)

414 (100 %)

0/2 (0 %)

Total

9/56 (16 %)

19/56 (34 %)

8/56 (14 %)

13/58 ¢2)

20/56 (36 %)

20/56 (36 %)

*The set of best models for each response variafdes to those models withAICc < 2 (see Table S2). The total number of modatkin

each set is indicated in the denominator (percestagparentheses).
tResponse variables: species richn3}, fnverse Simpson concentratidd), and community evenness (EF).
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CAPITULO 3

Phylogenetic impoverishment of plant communities fidlowing chronic

human disturbances in the Brazilian Caatinga

MANUSCRITO ACEITO PARA PUBLICACAO NO PERIODICO ECQRGY
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Abstract

Chronic disturbances, such as selective loggingwtbod extraction and extensive grazing,
may lead to the taxonomic and phylogenetic impavenient of remaining old-growth forest
communities worldwide; however, the empirical evide on this topic is limited. We tested
this hypothesis in the Caatinga vegetation — aosedly dry tropical forest restricted to
northeast Brazil. We sampled 11653 individuals [@dsaplings and seedlings) from 51
species in 29 plots distributed along a gradiemhobnic disturbance. The gradient was
assessed using a chronic disturbance index (CBBdan five recognized indicators of
chronic disturbances: proximity to urban centeydes and roads and the density of both
people and livestock. We used linear models toitestan effective number of lineages,
mean phylogenetic distance and phylogenetic digpedecreased with CDI and if such
relationships differed among ontogenetic stagesexhected, the mean effective number of
lineages and the mean phylogenetic distance weyainely related to CDI, and such
diversity losses occurred irrespective of ontogéfet.the increase in phylogenetic clustering
in more disturbed plots was only evident in segdliand saplings, mostly because clades
with more descendent taxa than expected by change Euphorbiaceae) thrived in more
disturbed plots. This novel study indicates thaboit human disturbances are promoting the
phylogenetic impoverishment of the irreplaceabl®dyoflora of the Brazilian Caatinga
forest. The highest impoverishment was observeg@alings and saplings, indicating that if
current chronic disturbances remain, they will tesuincreasingly poorer phylogenetically
forests. This loss of evolutionary history will patially limit the capacity of this ecosystem
to respond to human disturbances (i.e., lower epcdd resilience) and particularly their

ability to adapt to rapid climatic changes in thgion.
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Key words:anthropogenic disturbance; biodiversity; commumisgembly; environmental
filtering; forest-dependent human populations; @aoetic response; phylogenetic diversity

and structure; wood plant assemblage; seasonaltidipical forest; semiarid ecosystem.

INTRODUCTION

Chronic human disturbances, such as the frequent@mtinuous removal of small
portions of biomass (Singh 1998), represent a ggbugcally-widespread and effective threat
to tropical biodiversity, particularly in the soemological context marked by the presence of
dense, forest-dependent human populations (sestFeeples Programme 2012). The
livelihoods of millions of people throughout thepics currently depend on forest products
obtained in areas considered as either biodivensitgpots or wildernesses (Singh et al.1997,
Schmidt and Ticktin 2012). This is particularly tb&se of seasonally dry tropical forests
(SDTF), which are amongst the most endangeredcabfarests (Janzen 1988, Oatham and
Boodram 2006). Although large tracts of SDTF angegiencing increasing levels of habitat
loss and fragmentation (i.e., acute disturbana@gspnic disturbances represent a subtle but
pervasive source of disturbance in this ecosyshaml¢éads to the habitat degradation and
biological impoverishment of the remaining SDTF (Maand Howorth 2001, Ribeiro et al.
2015, Arroyo-Rodriguez et al. 2015).

Although the available information is still scamed there is a lack of synthesis,
research during the last decades has demonstatedimportant impacts of chronic
disturbances on plant assemblages (Sagar et &, 3b@anker et al. 2004, Ribeiro et al.
2015). Reduced recruitment, population collapsetardnomic impoverishment of plant
assemblages have been reported, in addition tprttiéeration of disturbance-adapted native
and exotic species (Sagar et al. 2003, Marviel. @084, Ribeiro et al. 2015). Disruptions of

plant-animal interactions, such as seed dispelsall gt al. 2014) and plant-protection against
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herbivores (Leal et al. 2015), have also been tedan sites experiencing overgrazing by
livestock and firewood collection. Furthermore esir stands experiencing intense fodder
extraction and small-scale slash-and-burn agriceilisually experience soil degradation and
biomass collapse as trees are replaced by shrdbgrasses (Tripathi and Singh 2012,
Silvério et al. 2013). Nevertheless, to our knowkedhe impact that chronic disturbances
may have on the phylogenetic dimension of planeidity has never been investigated.

In this sense, the consequences of biodiversi/das be predicted from evolutionary
history by assessing the differences in the phylege diversity and structure of plant
assemblages in human-modified landscapes (Carddhale 2012, Santos et al. 2@14
Munguia-Rosas et al. 2014). This information mayseful to guide conservation priorities
for specific taxa (e.g., Pavoine et al. 2005). Atkts phylogenetic information may help to
infer potential mechanisms of community assembhlhese landscapes (Webb et al.2002,
Cavender-Bares et al. 2009, Cavender-Bares anth Réi2, Roeder et al. 2014) and estimate
the impact that evolutionary relationships amongcsgs may have on ecological processes
and ecosystem functioning (Webb et al. 2002, Cadgtal 2008).

Human disturbances may affect the phylogenetictira and diversity of local
communities in contrasting ways, depending onehkellof floristic drift following
disturbance (see Arroyo-Rodriguez et2dl12). If the balance between extirpation and
proliferation of particular lineages results in teeoccurrence of more related taxa,
communities in disturbed sites should be phylogeaky poorer and more clustered than
those in undisturbed sites (Santos e2@10 and 201& Munguia-Rosas et al. 2014). On the
other hand, if the outcome of the floristic reongation results in the co-occurrence of
distantly related taxa, communities will be phylogically more diverse and disperse in
disturbed sites. A third possibility is that commiymeorganization does not result in

significant changes in phylogenetic structure amdrdity because proliferating taxa are as
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disperse across the phylogeny as decreasing taraypARodriguez et al. 2012, Benitez-
Malvido et al. 2014). Besides limited and mixed &mpirical evidence available so far relies
on plant phylogenetic responses to acute anthropogesturbances such as deforestation and
forest fragmentation (Santos et2010 and 20124 Arroyo-Rodriguez et al. 2012, Andrade et
al. 2015). Also, all but one (Benitez-Malvido et2014) evaluate tropical rainforests, and
with the exception of the study by Arroyo-Rodrigetal. (2012), only assess adult trees
(diameter at breast height (DBBE)LO cm), which may mask long-term responses to
disturbance. Thus, further studies that includellgggs and saplings are needed to attain a
comprehensive understanding of the impact thatretigisturbances may have on the
phylogenetic dimension of plant assemblages in SDTF

We investigated the phylogenetic diversity andatie of woody plant assemblages in
distinct ontogenetic stages (adults, saplings aedIsgs) in the Brazilian Caatinga
vegetation. This SDTF sustains over 23 million gedp1.8% of the Brazilian population)
and is one of the most populated semi-arid regiaits, 26 inhabitants kih (INSA 2012). As
a consequence, about 50% of the Caatinga origanastf cover is composed of secondary and
old-growth forests (MMA and IBAMA 2011). The remaig forest experiences several
chronic disturbances, including fuelwood collectirdder extraction, charcoal production,
overgrazing by livestock and extraction of non-tenborest products (Pereira-Filho et al.
2007, Ramos et al. 2008).

We tested whether chronic disturbance leads tpligeogenetic impoverishment of
plant assemblages using a large database of Caatggtation. Because it is well known
that different phylogenetic indices can lead tdedént and even contradicting results (e.qg.,
Roeder et al. 2014), we used four complementarigasdof phylogenetic diversity and
structure to achieve accurate and more confidenieepretations (Winter et al. 2013, Roeder

et al. 2014). SDTFs represent stressful environsiemtmost drought-intolerant tropical
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plants (Engelbrecht et al. 2007, Santos .€2@l4), and it is reasonable to expect that such
environmental stress increases with chronic disturb (Ribeiro et ak015). Assuming that
environmental filtering operates on evolutionarpserved traits and ecological interactions
(Webb et al. 2002, Gémez et al. 2010), we wouldeekthat closely related species would
occur together more frequently than expected byohdéphylogenetic clustering), thus
reducing plant phylogenetic diversity in sites fachigher disturbance pressure (Webb et al.
2002, Cavender-Bares et al. 2009, Vandelook @042, Gonzalez-Caro et al. 2014). We also
expect that such phylogenetic impoverishment woglklr across all ontogenetic stages,
being stronger in seedling and sapling assemblagésese ontogenetic stages are often more
vulnerable to chronic disturbance (see Singh &08l, Van Lent et al. 201Ribeiro et al.

2015).

METHODS
Study area
The Caatinga is a mosaic of SDTFs and scrub vegetdtat encompasses 826411 km?

restricted to Brazil (MMA and IBAMA 2011). The stydrea is located in the Parnamirim
municipality, Pernambuco state, northeast Brazb'@”’S; 39°34'41"W; see Appendix A).
The climate is semi-arid, with an average tempeeatfi26°C and most of the 431 mm mean
annual rainfall is received between January and VBSE 1985). Soils are predominantly
non-calcic brown soils (clay soil), regosols ananolsols (sandy soils) (IBGE 1985).
Anthropogenic activities since the™ 6entury in the Parnamirim municipality (e.qg., exie
grazing and temporary farming) have resulted indke of ca. 45% of the municipality forest
cover, and the remaining 55% faces gradual chrdistarbances (e.g., extraction of forest
products for medicinal purposes, animal and hureadihg, firewood collection and

extensive livestock) (Ribeiro et al. 2015).
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The study was carried out in 29 50 x 20-m plotsp@mdix A) established in a 220 km
landscape dominated by old-growth vegetation exgpesehronic disturbances. For each plot
we recorded five indicators of chronic disturbatita have been described in tropical forests
studies as important drivers of chronic human distnces (Sagar et al. 2003, Martorell and
Peters 2005, Leal et al. 2014, Ribeiro et al. 20@pproximity to the nearest house (PH); (ii)
proximity to the nearest road (PR); (iii) proximity the urban center (PUC); (iv) density of
people living near the plot (DP); and (v) densityieestock near the plot (DL). We opted for
proxies instead of direct measures of logging, ingntcutting and overgrazing because these
disturbances are not easily quantified and accestsi® landscape scale (Acharya and Dangi
2009, Arroyo-Rodriguez et al. 2015).

We quantified PH, PR and PUC as the reciprocahdest from the center of each plot
using satellite imagery from the Advanced Land @lisg Satellite (ALOS). To estimate DP
and DL we first identified in the satellite imagexly dwellings near the plots. We identified
40 dwellings and we collected information on thenber of people living in, and the number
of stock managed. This information was obtaineduph interviews done with each
householder. We then used the ALOS satellite imatgeestimate DP and DL, considering
the interview data in a 2-km buffer area from tbeater of each plot (i.e., within an area of
1256 ha). We used this buffer size because loasdtmlds assumed that the maximum
dispersal distance of grazing animals falls witfawo km.

Chronic disturbance index

Following Martorell and Peters (2005), all thesstulibance indicators (i.e., PH, PR,
PUC, DP and DL) were combined in a single Chrongtibance Index (CDI) through a
principal component analysis (PCA) performed inoRvgare (version 3.0.1, R Core Team
2013), using the package stats. Axis 1 of the P&Aagned 41% of the variation of these

indicators and was significantly correlated (meamelation coefficients: = 0.66,P < 0.05)
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with DP, DL and PH (see Appendix B and C). Thugase DP and DL seems to be the
main factors driving changes in plant communitrethe region, with a stronger negative
impact on seedling and sapling diversities (Ribeiral. 2015), this index is an accurate
descriptor of important chronic human disturbanoese region. The scores of PCA axis 1
were rescaled from O to 100, representing the Bragtmost disturbed sites, respectively
(Martorell and Peters 2005).
Plant community sampling

In this study we surveyed trees and shrubs of @las¢mblages during the rainy seasons
of 2012 and 2013. We sampled adults, saplings eadliags of these life forms in each plot
to do the comparisons among ontogenetic stagesiéfifeed adults as individuals with
diameter at soil height (DSH) > 3 cm and height%rh; saplings were individuals with DSH
< 3 cm and height between 1 and 1.5 m; and seediege individuals with height <1 m
(Rodal et al. 1992, Felfili et al. 2005). We recstdall adults found in each 50 x 20-m plot.
Saplings were recorded in three 5 x 5-m subpla@swiere located in the center of each 50 x
20-m plot and separated by 10 m. Seedlings wer@lsdnn 2 x 2-m subplots located in the
center of each sapling subplot (see Appendix Drfore information regarding the outcome
of the differences in plot size on sample complessrper ontogenetic stage). All plants were
identified to species level by comparing the sahglgecies with samples from the Federal
University of Pernambuco herbarium. The botanicehenclature followed APG III (Bremer
et al. 2009).

Phylogenetic diversity and structure

For each plot we measured four complementary almoedbased phylogenetic metrics
(Webb et al. 2002, Webb et al. 2008, Chao et dl028ee Appendix E): mean phylogenetic
distance (MPD), net related index (NRI), and melaylqnenetic diversity of ordegthrough

T years [i.e.?D(T)] considering orders GP(T)] and 2 fD(T)], where®D(T) quantifies the
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mean effective number of lineages as a functioevofutionary timeT. The parametey

refers to the value attributed to each node’sikedabundance (Chao et al. 2010). When

0, only species richness (presence/absence) igleoed, andl represents the age of the first
node (Chao et al. 2010).Yet wher 2, only dominant or very abundant species are
considered, and henc®(T) quantifies the mean effective number of very abahtineages
as a function of evolutionary tinle(Chao et al. 2010§D(T) satisfies the replication
principle, which is required in biodiversity assassits as it considers the uniqueness of each
species found in an assemblage (Chao et al. 2ME), on the other hand, measures the
mean average distance (in millions of years) antarograndom individuals in a specific
sample, considering conspecifics, and the NRIstaadardized metric of MPD and reflects
whether taxa in a sample are more phylogenetichlistered or dispersed than expected by
chance (Webb et al. 2002, 2008, Vamosi et al. 2009)

To obtain these phylogenetic metrics, we first piceti a full species list based on the
APG Il (Bremer et al. 2009) classification, aftéentifying all species of adults, saplings and
seedlings recorded across the 29 plots. We themdndsd a list of 51 species belonging to 46
genera and 23 families, considering the three @metic stages (see Supplement 1), and
constructed a regional time-calibrated phylogeng&tymating the continuous phylogenetic
distance between the sampled species using Bayiesaance and Markov chain Monte
Carlo (MCMC) methods (see Appendix F and G for naetils of phylogeny construction
methods). Based on the time-calibrated phylogemyobtainedD(T) for g = 0 andq = 2
using the program PhD (Chiu and Chao 2012) that iuthe software R 3.0.1 (R Core Team
2013). We also used the time-calibrated phylogersatculate the MPD and NRI metrics
using the COMSTRUCT function of Phylocom 4.2 adogtihe switch ‘-a’ to weight
phylogenetic metrics by taxa abundances. To evaifitte phylogenetic structure within

each plot differed from the phylogenetic structexpected by chance, we compared observed
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MPD to the expected MPD for 999 randomly generatdbdcommunities (MPD.rnd) using

null model 2 of Phylocom 4.2. This model has theaatlage of maintaining the species
richness and abundance structure within communied assumes that all species of the pool
have the same chance of colonizing any given plobfo-Rodriguez et al. 2012). After
computing observed and expected MPD for each samplealculated the NRI metric. NRI

is defined as [-1 (MPD — PD.rnd)/MPD.sd)], where IM8d represents the standard deviation
of MPD.rnd from the 999 null communities (Webb 2802, 2011). Positive values of NRI
indicate phylogenetic clustering, while negativéuea represent phylogenetic overdispersion
(Vamosi et al. 2009).

Finally, we used the NODESIG function of Phylocor2 tb determine which clades
contributed significantly to any non-random phylogec structure of ontogenetic stages
(adults, saplings and seedlings) (see Webb e0all #r more details of this function). The
NODESIG procedure verifies the occurrence of nad#s significantly more or less
descendent taxa than expected by chance. Nodgsrés@nt more or fewer descendent taxa
than expected by chance are highlighted as ‘signaorsigless’, respectively, and allow us
to identify clades responsible for the non-randdwlggenetic structure in a sample (Webb et
al. 2011).

Data analyses

We used linear models to test whetf¢T), 2D(T) and MPD decreased and NRI
increased with CDI, and whether such relationstiffsred among ontogenetic stages. We
included plot relative abundance as a covariabteenmodels to control for differences in
abundance across plot sizes. These analyses weearddMP 8 (SAS Institute Inc.) with the
standard least squares personality and the Gaudisiaibutions for all response variable
errors after checking that they followed a Normatribution with Shapiro-Wilk tests (see

Appendix H). We also assessed if the species deglin more disturbed plots were more
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distantly related than those species proliferatinguch plots. To do this, we correlated the
CDI with the abundance of each species. These semlyere carried out using the software

R 3.0.1 (R Core Team 2013), using the package Hmisc

RESULTS

We recorded 10634 adult plants (362 £ 92.1 stemplp& mean + SD) belonging to 51
species (18.5 * 3.6) (see Appendix I). For theisg@ssemblage, we recorded 717 stems
(11.6 £ 6.5) from 40 species (6.7 + 2.2) (Appenigixn the seedling community, we
recorded 302 stems (10.6 + 3.5) from 34 specids#3..8) (Appendix I). The most
representative families in the three ontogenetiss#s were Euphorbiaceae and Fabaceae,
with 10-13 species per ontogenetic class. Whenidemsg species richness, the mean
effective number of distinct lineages expectechhieight of the phylogenetic tré®(T)]
varied among ontogenetic stages, being signifigdigher in adults (10 £ 1.5 lineages per
plot), than in saplings (4.9 = 1.4 lineages) aret$ags (4.3 + 1.2 lineages) (Table 1). When
considering the number of very abundant or domispeties3D(T)], all ontogenetic stages
showed a similar mean effective number of lineage®+ 0.8 lineages per plot in adults, 2.5
+ 0.7 lineages in saplings, and 2.8 £ 0.8 lineagesedlings (Table 1). The mean
phylogenetic distance (MPD) and net relatednessxiiRI) was also similar in all
ontogenetic classes. MPD averaged 106.1 £+ 33.®miears in adult assemblages, 120 +
44.5 million years in sapling assemblages, and4l2&1.7 million years in seedling
assemblages, whereas NRI averaged 2.6 = 1.0 itsadwd + 1.6 in saplings, and 1.8 + 1.7 in
seedlings (Table 1).

As expected, MPCPD(T) and?D(T) were negatively related to CDI, and such

diversity losses occurred irrespective of ontogghg. 1; Table 2; Appendix J). Yet the
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increase in phylogenetic clustering in more distdrplots was only evident in seedlings and
saplings (Fig. 1; Table 2; Appendix J).

Adult assemblages presented significantly non-rangbylogenetic structures with
respect to the regional species pool in 18 outafc®%) plots (see Appendix K). Within
these 18 plots we identified 13 out of 104 intemades with more or less descendants than
expected by chance (Appendix K). These nodes wargosed of major clades such as
Fabids, Rosids and Malvids, as well as lower clades as order and family (e.g.,
Brassicales, Malvales and Fabaceae) (Appendixrkadults, we did not find specific
‘sigless’ or ‘sigmore’ nodes exclusively relateceither the most or least disturbed sites
(Appendix K).

Considering sapling and seedling assemblages, s&nad a significantly non-
random phylogenetic structure in 14 and 15 plaspectively (Appendix K). For these plots,
saplings and seedlings had 15 and 12 out of 1@nat nodes, respectively, with more
descendent taxa than expected by chance (Appendix igeneral, these nodes were evenly
distributed along the disturbance gradient, witbegtion of the Euphorbiaceae and its
descendent taxa, which occurred frequently in thetrdisturbed plots (CDI > 50) (Appendix
K).

Additionally, we verified that some families such@apparaceae and Celastraceae,
which are represented by a few species, did natrandhe more disturbed sites, considering
all ontogenetic stages (Fig. 2). When analyzingré@tionships between species abundance
and disturbance, distantly related taxa suchraanhofera muiltiflora(Celastraceae),
Varronia leucocephaléBoraginaceae)Myracrodruon urundeuvé@Anacardiaceae) and
Bauhinia cheilanthgFabaceae), were negatively and significantlyteeldo CDI, whereas

closely related species such@®ton sonderianuslatropha ribfoliaandJ. mollissima(all
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within the Euphorbiaceae family) were positivelylaignificantly related to CDI (Appendix

L).

DISCUSSION

Chronic human disturbances have been increasinglyidered as important drivers of
habitat degradation (Singh 1998, Sagar et al. 20@8torell and Peters 2005, Leal et al.
2014, Arroyo-Rodriguez et al. 2015), but until nilhe impact that chronic disturbances might
have on the phylogenetic diversity and structurplaht assemblages was unknown. As
expected, our analyses indicate that the mean gémktic distance (MPD) and mean
effective number of lineage¥J(T) and®D(T)] were negatively related to CDI, and that such
a loss of evolutionary history occurred acrosealbgenetic stages. This novel finding
suggests that local extirpation of plant speciessscthe disturbance gradient (see Ribeiro et
al. 2015) does not occur randomly or uniformly, iou& clustered manner throughout the
phylogenetic tree. This was confirmed by the matfiphylogenetic clustering (NRI), which
increased in more disturbed plots especially fptisg and seedlings.

The decrease of phylogenetic diversity and incredgdylogenetic clustering in
human-modified tropical landscapes has been demabedtin other studies, but only in
response to acute disturbances, such as foresandsagmentation (e.g., Santos et al. 2010
and 2014; Munguia-Rosas et al. 2014, Andrade et al. 2(A&) example, Munguia-Rosas et
al. (2014) found that phylogenetic plant divergitg., individuals with DBH > 1.6 cm) is
19% greater and more overdispersed in a continfoyast when compared to an adjacent
naturally fragmented forest in the Yucatan PenmsMexico. Santos et al. (20dMalso
documented the loss of tree phylogenetic dive(&yH > 10 cm) and the reduction in
phylogenetic evenness in a fragmented tropicaldeagoke in central Amazonia. Finally, in a

hyper-fragmented landscape of the Brazilian Atafdrest, Santos et al. (2010) show that
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tree phylogenetic diversity (DBH > 10 cm) is 11%vé&r in forest edges than in old-growth
forest interior areas. Overall, these phylogenetsponses may be the result of several
mechanisms. For example, higher competitive exatubetween sister taxa in conserved
forests may favor the co-occurrence of less reltard in these forests (see Roeder et al.
2014). Also, environmental filtering, which may oge on traits with significant
phylogenetic signals (see Willis et al. 2010), adow closely related species to occur
together more frequently than expected by chandéstarbed forests (Munguia-Rosas et al.
2014, Santos et al. 2044

As we have used proxies instead of direct measfrelsronic disturbances, we cannot
test which are the main proximate and underlyinghlmaaisms that promoted the observed
shifts in phylogenetic diversity and structure. Hoer, it is well known that plant recruitment
in SDTF is driven mainly by abiotic filters imposbky seasonality and frequent droughts
(Ceccon et al. 2006), thus supporting niche corgemm and life-history convergence at the
community level (Pennington et al. 2009). The cwrius removal of plant individuals and
biomass is expected to impose additional recruitraad dispersal limitations; first, because
it can reduce population sizes (Endress et al. 80d seed production (Singh et al. 1997),
and second, because such removal can alter vegesatucture (e.g., reduced stem density,
greater canopy openness) and microclimatic conwit(e.g., increased habitat desiccation;
Kumar et al. 2008). Although all these alteratioas reduce the recruitment of many native
plant species (Endress et al. 2004), some exoticative disturbance-adapted species can
proliferate in degraded sites (Marvier et al. 20R#beiro et al. 2015).

In this sense, it is clear from our results thatlbhlance between extirpation and
proliferation of particular lineages resulted ie #to-occurrence of more related taxa in
disturbed sites. For example, complete lineagels aathe Capparaceae (with 2 species) and

Celastraceae (with 1 species) families disappearsities with a higher degree of disturbance
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(Fig. 2). The loss of these families representddhe of evolutionary history. The
Celastraceae family, especially, is representgddiyone specie$raunhofera multiflora
whose genus is monotypic and endemic to the Baawzilaatinga (Simmons et al. 2012). The
abundance of several distantly related species asiEhmultiflora (Celastraceae),
Myracrodruon urundeuvéAnacardiaceae) arféiptadenia stipulacea@-abaceae) was also
negatively and significantly related to the chrodigsturbance index (Appendix L). These
lineages are known to be vulnerable to chroniaudistnces because they have high wood
density (> 0.8 g/cm?3) and are good biofuel speam®eciated by local people as firewood,
charcoal and fences (Ramos et28108).

In contrast, many species within the species-rigphBrbiaceae family, such as those
within the CrotonandJatrophagenera, incremented their frequency and abundanoere
disturbed plots (also see Ribeiro et al. 2015). ditnendance dfroton sonderianuand
Jatropha ribifolia(Euphorbiaceae) was also positively related tadifeirbance index
(Appendix L). Euphorbiaceae is the second most comfamily in the Caatinga flora (103
species, Moro et al. 2014), and many species withanfamily (e.g. Croton sonderianuand
Cnidoscolus quercifoliysare recognized as aggressive colonizers of hutisinrbed habitats
(Carvalho et al. 2001). The mechanisms relatetidse species’ ability to colonize disturbed
habitats are poorly explored, but are probablyteeldo their degree of relatedness that make
this species more ecologically similar and abledmpete more strongly than distant relatives
(Cahill et al. 2008, but see Fritschie et al. 2014)

Conclusions and implications for conservation
Chronic human disturbances can negatively affecbtblogical diversity of tropical
biotas at the population, community and ecosysesmal$ (Sagar et al. 2003; Shaanker et al.
2004). In fact, there is ample anecdotal evidendde Caatinga literature establishing causal

connections between overexploitation of long-liveddwood species, intense firewood
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collection, overgrazing by goats, slash-and-burm@iggculture and the emergence of
degraded habitats, ranging from impoverished faassemblages to desertified areas (Leal et
al. 2005, MMA and IBAMA 2011). Here we document, faetfirst time, that chronic
disturbances also promote the phylogenetic impskierent of the irreplaceable woody flora
of the Brazilian Caatinga forest. The greatest mepishment was observed in seedlings and
saplings, thus indicating that if current chronistarbances remain, they will result not only

in taxonomically poorer plant assemblages (Ribefral. 2015), but also in phylogenetically
impoverished forests.

Such phylogenetic impoverishment will limit the eafty of the ecosystem to respond
to human disturbances (i.e., lower ecological isile) (Willis et al. 2008). Hence, to retain
the evolutionary capital of the Caatinga, we shquitmmote strategies that include: (i)
investments in research and implementation of pr@drams able to promote better practices
in terms of sustainable forest resource use aedtlnck management; (i) government
incentives that involves programs and funds toorestlisturbed sites; (iii) law enforcement
with a view to move forest extractivism towardstausable standards; and (iv) increase the
coverage of strictly protected areas, considettregphylogenetic diversity, while restricted

future chronic disturbances in these areas.
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Table 1. Differences in plant phylogenetic metrics amongpgenetic classes (adult trees, saplings and sesiilsampled in 29 sites from the

Brazilian Caatinga forest, Parnamirim municipalPgrnambuco, Brazil. Different letters indicatengigant differences among classes after

post hoc comparisons (Tukey tests).

Phylogenetic metr

Ontogenetic stage °D(T) D(T) MPD NRI

Mean £ SI  Max - Min Mean £ SI Max - Min Mean  SL Max — Min Mean  SL Max — Min
Adults 10.0'+ 1.5 13.0-7.1 2°3 0.8 51-13 106.F+ 33.3 184.1-50.0 2.7+ 1.1 4.7-0.3
Sapling: 4.9+1.4 72-13 2%07 4.1-1.0 120°@ 445 191.1-22.7 #2138 6.1 — (-0.8)
Seedling 4.3+1.2 7.0-1.9 2808 42-13

1263 51.7 203.9-15.6

1’818 5.2-(-0.85)
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Table 2 Results of linear models fitted to test the dffgfachronic disturbance index on phylogenetic mstof plant assemblages (adults,
saplings and seedlings) from the Brazilian Caatiregetation, Parnamirim municipality, Pernambuc@zBt. Phylogenetic metric8D(T) -
mean phylogenetic diversity of total lineagd3(T) - mean phylogenetic diversity of dominant ligea, MPD - mean phylogenetic distance and,

NRI - nearest relatedness index. Model factors £0@®I1 — chronic disturbance, OS - ontogeneticestdg— stem relative abundance of the plot.

Whole model Model factors
Phylogenetic metric RZ; F CDlI OS A CDI x OS
°D(T) 0.78 51.58* 6.36* 7.26* 2.86'° 0.66"
D(T) 0.12 2.96* 5.99* 0.2%° 0.67"° 0.14'¢
MPD 0.21 4.93* 23.65* 0.09 0.38"° 0.84"°
NRI 0.18 4.16* 7.33* 1.27 0.76"° 5.63*

tWe indicate thé& values and significance levéfP > 0.05;* P < 0.05). Degrees of freedom: whole model (6,86)] A86), OS (2,86), A

(1,86) and CDIxOS (2,86).
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Figure legends

FiG. 1. Relationships between each phylogenetic matiicthe chronic disturbance index in
old-growth Caatinga forests in Parnamirim muniatgaBrazil. The ‘r’ values in each line

are the Pearson’s correlation coefficient usedlustrate the strength of relationships between

phylogenetic metrics by ontogenetic stage with olrdisturbance.

FiG. 2. Relationships between adults’ (A), saplind®y’ &nd seedlings’(C) relative individual
densities per plant family and the chronic distadsindex. Families acronyms - Ana:
Anacardiaceae; Apo: Apocynaceae; Bix: Bixaceae; Boraginaceae; Bur: Burseraceae,;
Cac: Cactaceae; Cap: Capparaceae; Cel: Celastr&mae Combretaceae; Eup:
Euphorbiaceae; Ery: Erythroxylaceae; Fab; Fabadéye;Nyctaginaceae; Mal: Malvaceae;

Ola: Olacaceae; Rha; Rhaminaceae; Rub; Rubiacabes&8icaceae;Ver: Verbenaceae.
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Figure 1.
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Figure 2.
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Ecological Archives
Appendices A, B, C, D, F, G, H, |, J, K, L and g8lement are available online:
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Appendix A. Location of the study area in northeastern Bi@ilWe indicate the
Parnamirim municipality (in black) within the Pembuco state (in gray) (B). We also show
the study landscape (C) in which we located 29 20-m plots, and the urban center of

Parnamirim (black triangle) (d). The white area$ represent deforested areas.

N

N

) 50x20 lot: .
1050  10Kiometres A * KEEMPRS: 5 9 2Kilometres A
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Appendix B. Principal component analysis biplot illustratihg relationship between the
chronic disturbance index (PC1, which explained 4f%ariation), the chronic disturbance
predictors (DP: density of people; DL: densityieéktock; PR: proximity to nearest road;
PC: proximity to urban center; PH: proximity to thearest house) and sample distributions
(black circles). Positive values of PC1 scoresesgnt the most chronically disturbed sites,

while negative values represent the least distusiied.
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Appendix C. Correlation matrix showing relationships betwebroaic disturbance index

(CDI) and chronic disturbance predictors (DP: dgrsi people; DL: density of livestock;

PR: proximity to nearest road; PC: proximity toamlcenter; PH: proximity to the nearest

house). Cell values correspond to the Pearsonigletion coefficient (below the empty

diagonal) and its associatBevalue (above the diagonal). Bold cases emphagjndisant

relationships £<0.05).

PR PC DH DP DL CDlI
PR 0.967 0.647 0.399 0.487 0.151
PC -0.008 0.075 0.014 0.077 0.005
DH -0.090 0.341 0.019 0.595 0.002
DP -0.165  0.456 0.439 0.011 0.000
DL -0.136 0.339 -0.104 0.472 0.000
CDI -0.278 0.744 0.553 0.865 0.610
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Appendix D. Differences in plot size and sample completeness.

To address this potential problem, we calculatedriientory completeness for each plot and
ontogenetic class using the coverage estimatonmeanded by Chao & Shen (2010). Sample
coverage was greater in adults than saplings astlisgs, averaging 98.6% + 1.1% for adult
(mean + SE), 87.7% + 1.2% for saplings and 72.6343%b for seedling plots. This suggested
that our results could be biased by differencesample completeness among ontogenetic
stages (Chao & Shen 2010; Chao & Jost 2012). Hawexreen we correlated plot sample
completeness with their respective phylogenetiaiogtno pattern rose. Of the 12
correlations performed (four metrics by three ostwgjic stages), only two were statistically
significant [correlations of completeness WI(T) and MPD for saplings] and even so quite
weak (r < 0.5). Seedling and adult assemblageshwiad the lowest and greatest abundance
per plot, respectively, did not show correlatiotmizEen phylogenetic metrics and sample
completeness. To completely discard the influerd@ampling completeness, we also
correlated the metrics with species richness prediby rarefaction curves. None but one of
the 12 possible correlations between predictecheésh and the phylogenetic metrics was
statistically significant. The only significant eelation rose between predicted richness and
the adult NRI (r = -0.456, p = 0.015). Based ors¢hanalyses we conclude that differences in

plot size and their effects on abundance did mptiicantly affect our results.

Literature cited

Chao, A., and T.J. Shen. 2010. Program SPADE: 8péuiediction and Diversity
Estimation. Program and User’s Guide. CARE, HsinClraiwan.

Chao, A., and L. Jost. 2012. Coverage-based ram@fia@nd extrapolation: standardizing

samples by completeness rather than size. EcoB@p33-47.
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Appendix E. Correlation matrix showing relationships betwebglpgenetic metrics'D(T) -
mean phylogenetic diversity of total lineagd(T) - mean phylogenetic diversity of
dominant lineages, MPD - mean phylogenetic distamzk NRI - nearest relatedness index.
We can observe a weak relationship between NRPR(H), which indicates that the increase
of lineages can result in phylogenetic cluster{ogll values correspond to the Pearson’s
correlation coefficient (below the empty diagoreid its associatdé-value (above the
diagonal). Bold cases emphasize significant raiatigps P<0.05). As NRI is a standardized
measure of MPD, the increase in clustering degrseltrin the decrease in phylogenetic
distances between the species. We can also obtbatvide increase in MPD values can be

related to the increase of dominant lineagB$T)).

°D(T) “D(T) MPD NRI
°D(T) 0.500 0.258 0.043
’D(T)  0.073 0.000 0.969
MPD  0.122 0.781 0.000

NRI 0.217 0.004 -0.400
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Appendix F. Methods used to build our time-calibrated phylogen

Initially we searched for four DNA regions [ribu$isphosphate carboxylase gerizcl(),
maturase K rfaK), 5.8S ribosomal RNA gene, anchL-trnF intergenic spacentr(iL-F)]
from sequence data available in GenBank amiinnborellaGenome Database (see Appendix
G). When sequence data for a species were notablailwe used a randomly chosen
alternative species within the genus to estimaga¢latedness to that genus (see Appendix F).
The effect on branch length of using these sultetgpecies is expected to be minimal given
the breadth of phylogenetic sampling (Cadotte et2808, 2009). We usedAmborella
trichocarpaandMagnolia virginianato root the tree and increase the depth of taaamping
(Burns and Strauss 2011). Sequences were aligmeglatdh region independently and later
combined into a single supermatrix using Geneioarsion 7.1.4 (Kearse et al. 2012). The
Bayesian inference search was performed using Blye8v3.1.2 (Ronquist and Huelsenbeck
2003), allowing the general time reversible (GTRy model to be estimated, and using the
default settings. Multiple runs were performed nswee that the resulting phylogeny was not
stuck on a local optimum. We then created a tinldneded phylogeny adopting fossil
calibration points derived from Bell et al. (20108ing BEAST v1.8.2 (Drummond et al.
2012). Simultaneous divergence-time and phylogenatialyses were conducted using
MCMC methods implemented in BEAST v1.8.2, which éoyp a lognormal relaxed-clock
model to estimate divergence times.

Bellow we show the time-calibrated tree which ithases our regional phylogeny and the tree
calibration points derived from Bell et al. (2010): Gentianales (54-78 MY), (II)

Malphighiales (88-97 MY) and Fabaceae (49-77 MY).
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Amborella trichocarpa
Magnolia virginiana
T Cordia trichotoma
1 Varronia leucocephala
4% Aspidosperma pyrifolium
.2 gortzeﬁ cancoilqr
- uettarda angelica
I'54-78 Mya T Lippia origangides
N Handroanthus spongiosus
Tabebuia impetiginosa
Guapira gracilifiora
[ — Pilosocereus gounellei subsp. gounellei
|—| L— Pilosocereus pachycladus subsp. pernambucoensis
Cereus jamacaru subsp. jamacaru
Ximenia americana
Commiphora leptophloeos
| Spondias tuberosa
1 —— Schinopsis brasiliensis
L— Myracrodruon urundeuva
Cynophalla hastata

L—— Colicodendron yco
Cochlospermunm vitifolium
Helicteres eichleri
Pseudobombax marginatum
Combretum cf. monetaria

Fraunhofera muitiflora
Erythroxylum pungens

Prockia crucis
a Croton adamantinus
Il 85 - 97 MYA Croton sonderianus
Jatropha mollissima
Jatropha mutabilis

Jatropha ribfolia
Sapium glanduiosum
Sebastiania macrocarpa
Ditaxis deseriorum
Manihot cf. glaziovii
Chidoscolus quercifolius
Cnidoscolus vitifolius
Ziziphus joazeiro

splwe

Spualsy

spiAjew

spigey

SpIsOy

10.0 e Dalbergia cearensis

’ Senna macranthera

——— Poincianella microphyila

L Poincianella pyramidalis

| Anadenanthera colubrina
Chloroleucon mangense
Mimosa tenuiflora
Senegalia polyphylia
Calliandra depauperata
Piptadenia stipulacea
Enterolobium contortisiliquum

Bauhinia cheilantha
@ —— Amburana cearensis
49 - 77 MYAT

\ | T | T \ \
175 150 125 100 75 50 25
Jurassic Cretaceous Tertiary
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Appendix G. Sequences used to estimate the Bayesian treerfdppe). We used four DNA regions maturaserfaf), 5.8S ribosomal RNA
gene (5.8S), ribulose-1,5-carboxylase/bisphospdatie (bcl), and intergenic spacetrfL-trnF). Data from sequences available in GenBank

and inAmborellaGenome Database (http://amborella.huck.psu.edagsack). NA — Cases where information was absamthie species and its

genera.
Species Species used for Species used for Species used for Species used for
matkK matkK 5.8S 5.8S rbcL rbcL trnL-tmF trnL-trnF

Amborella Amborella AF543721 Amborella AmTr_v1.0_scaffold Amborella L12628 Amborella AY14532
trichocarpa trichocarpa trichocarpa 03396 trichocarpa trichocarpa
Amburana cearensis  Amburana JX846614 Amburana KJ813615 NA NA Amburana EF466144

cearensis cearensis cearenses
Anadenanthera Anadenanthera  EU812064 Anadenanthera JQ910930 Anadenanthera KJ082119 Anadenanthera  EU811875
colubrina colubrina colubrina peregrina peregrina
Aspidosperma Aspidosperma JX850029 Aspidosperma FJO37794 Aspidosperma DQ660633 Aspidosperma AF214165
pyrifolium pyrifolium marcgravianum cylindrocarpon quebracho-blanco
Bauhinia cheilantha Bauhinia AY386893 Bauhinia DQ787410 Bauhinia JQ626034 Bauhiniaforficata ~ FJ801053

tomentosa cheilantha guianensis subsp. pruinosa




& Ribeiro EMS, 2015. Efeito de perturbacées antrépas cronicas sobre a diversidade da flora lenhosa @aatinga

Calliandra Calliandra JQ587534

depauperata rhodocephala

Cereus jamacaru Cereus AY015313

subsp. jamacaru alacriportanus

Chloroleucon Chloroleucon AY386921

mangense mangense

Cnidoscolus Cnidoscolus AB268041

quercifolius aconitifolius

Cnidoscolus vitifolius ~ Cnidoscolus KM219793
Spinosus

Cochlospermum Cochlospermum  JQ587264

vitifolium vitifolium

Colicodendron yco Capparis spinosa AY491650

Combretunaf.
monetaria

Combretum KC130317

elacagnoides

Calliandra
depauperata

Cereus
alacriportanus

Chloroleucon
mangense

NA

Capparis
acutifolia

Combretum

fragrans

JX870682

AY064344

EF638183

KP092569

FJ381754

Calliandra
vaupesiana

Cereus
femambucensis

Cnidoscolus
aconitifolius

Cnidoscolus
urens var.
stimulosus

Cochlospermum
vitifolium

Capparis spinosa

Combretum
apiculatum
subsp.
apiculatum

KR082842

AY875240

AB267937

AY794874

JQ591114

AY167985

KC158546

Calliandra ulei

Cereus aethiops

Chloroleucon
mangense

Cnidoscolus
tubulosus

Cnidoscolus
albomaculatus

Capparis spinosa

Combretum
paniculatum

JX870815

JQ779665

AF278517

EU518895

EU518894

AY122422

AY905455
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Commiphora

leptophloeos

Cordia trichotoma

Cordiera concolor

Croton adamantinus

Croton sonderianus

Cynaophalla hastate

Dalbergia cearensis

Ditaxis desertorum

Commiphora
schlechteri

Cordia torrei

Alibertia
myrciifolia

Croton
dichogamus

Croton
menyharthii

Cynaophalla
hastata

Dalbergia
monetaria

Ditaxis
montevidensis

KF147383

JX517572

KF981358

KR735055

JF270729

KJ012557

KJ593846

AB233761

Commiphora
schimperi

Cordia revoluta

Gardenia
hansemannii

Croton guildingii
subsp. tiarensis

Croton cupulifer

Capparis
acutifolia

Dalbergia
miscolobium

Ditaxis
guatemalensis

JN882702

HM443775

HM443775

AY971254

EU478063

KP092569

EF451070

DQ997792

Commiphora
falcata

Cordia
trichotoma

Alibertia myrciifo
lia

Croton
maestrense

Croton setiger

Cynaophalla
hastata

Dalbergia
hupeana

Ditaxis
montevidensis

GU246030

EU599827

KF981281

EF405857

EF405853

KJ082259

U74236

AB233865

Commiphora
leptophloeos

Cordia lutea

Alibertia edulis

Croton
grangerioides

KM516816

KF158215

AF201029

KP878425

Dalbergia hupeana KP338261

Ditaxis sSimoniana  AY794742
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Enterolobium
contortisiiquum

Erythroxylum
pungens

Fraunhofera
multiflora

Guapira gracilifiora

Guettarda angelica

Handroanthus

spongiosus

Helicteres eichleri

Jatropha mallissima

Jatropha mutabilis

Enterolobium JX495708
contortisiiquum
Erythroxylum KJ012581
rufum
Fraunhofera JF410097
multiflora
Guapirafragrans  KJ012616

Guettarda scabra  KJ012627

Handroanthus KF981308
albus
Helicteres JQ589303
baruensis

Jatropha curcas  KJ663789

Jatropha AB233775

integerrima

Enterolobium
contortisiiqguum

Erythroxylum
amplifolium

NA

Guapira fragrans

Guettarda
uruguensis

Handroanthus
impetiginosus

Helicteres
guazumifolia

Jatropha
gossypiifolia

Jatropha
integerrima

EF638190

DQ787423

JX844233

DQO63692

JX856460

AF233300

KF551972

EU340795

Enterolobium
contortisiiquum

Erythroxylum
confusum

Guapira fragrans

Guettarda
acreana

Handroanthus
albus

Helicteres
angustifolia

Jatropha curcas

Jatropha
integerrima

JX571823

113183

KJ082334

JQ626041

KF981207

AY082356

JX571853

AY794902

Enterolobium JX870876
timbouva
Erythroxylumsp.  KC428510
Fraunhofera JF410055
multiflora
NA NA

Guettarda speciosa  KJ906574

Handroanthus EF105094
guayacan
NA NA
Jatropha AY794685
integerrima
NA NA
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Jatropha ribfolia

Lippia origanoides

Magnolia virginiana

Manihotcf. glaziovii

Mimosa tenuiflora

Myracrodruon

urundeuva

Pilosocereus
gounellesubsp.
Gounellei

Pilosocereus
pachycladusubsp.
Pemambucoensis

Jatropha
podagrica

Lippia
integrifolia

Magnolia
virginiana

Manihot
esculenta

Mimosa
tenuiflora

Astronium
graveolens

Pilosocereus
rosae

Pilosocereus
floccosus

KJ150223

HM853860

GQ248153

JQ587466

JX850057

JQ586471

JX683850

JX683847

Jatropha curcas

Lippia salsa

Magnolia
virginiana

Manihot
esculenta

Mimosa
guatemalensis

Myracrodruon
urundeuva

EU700455

FJ867399

DQ499097

GU214953

AF458784

DQ787397

Jatropha zeyheri

Lippia javanica

Magnolia
virginiana

Manihot
esculenta

Mimosa
strigillosa

Astronium ulei

JQ025058

JIX572735

GQ248639

AB233880

KJ773686

JQ625995

Lippia sidoides

Magnolia
virginiana

Manihot tristis

Mimosa quitensis

Myracrodruon
urundeuva

Pilosocereus
chrysacanthus

Pilosocereus
aureispinus

AY945838

AY145354

EU518925

AF278514

AY594560

HM041340

JNO035566

122



& Ribeiro EMS, 2015. Efeito de perturbacées antrépas cronicas sobre a diversidade da flora lenhosa @aatinga

Piptadenia
stipulacea

Poincianella
microphylla

Poincianella
pyramidalis

Prockia crucis

Pseudobombax
marginatum

Sapium glandulosum

Schinopsis
brasiliensis

Sebastiania
macrocarpa

Senegalia polyphylla

Piptadenia flava

Caesalpinia
coriaria

Poincianella
pyramidalis

Prockia crucis

Pseudobombax
septenatum

Sapium

glandulosum

Schinopsis
brasiliensis

NA

Senegalia
tenuifolia

JQ587930

JQ587523

JX850053

EF135588

GQ982072

JQ589779

AY594477

KJ593761

NA

Poincianella
pluviosa

Poincianella
gaumeri

NA

Pseudobombax
marginatum

Sapium

sebiferum

Schinopsis
brasiliensis

Sebastiania
comuta

Senegalia caffra

NA

KP003693

KP003692

AF028521

AF537586

AY531203

AF537587

JQ265905

Piptadenia flava

Poincianella
mexicana

Caesalpinia
calycina

Prockia crucis

Pseudobombax
septenatum

Sapium

glandulosum

NA

Sebastiania
klotzschiana

Senegalia
tenuifolia

JQ592113

JX856662

AM234236

JQ592133

GQ981847

AY794841

AY794850

KJ594092

Piptadenia
moniliformis

Poincianella
eriostachys

Poincianella
caladenia

Prockia
costaricensis

Pseudobombax
croizatii

Sapium

glandulosum

Schinopsis
brasiliensis

Sebastiania
hexaptera

Senegalia
berlandieri

AF278496

EF177389

EF177383

AY757056

HQ696749

AY794626

KP055559

AY794645

HM020797
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Senna macranthera Senna
macranthera var.
nervosa
Spondias tuberosa Spondias
mombin
Tabebuia Tabebuia
impetiginosa impetiginosa
Varronia Varronia
leucocephala guanacastensis
Ximenia Americana Ximenia
americana
Ziziphus joazeiro Ziziphus rignonii

AMO086873

AY594480

JQ587045

JQ589896

KJ012821

KJ012831

Senna hirsuta

Spondias
mombin

Tabebuia
impetiginosa

Varronia
revoluta

Ximenia
americana

Ziziphus lloydi

KJ638428

AF445882

JX497689

HM443774

DQ333869

JNO0@31

Senna
macranthera var.

micans

Spondias
tuberosa

Tabebuia
impetiginosa

Varronia bullata

Ximenia
americana

Ziziphus
nummularia

JX856680

KP774626

JQ590850

KF158132

DQ790149

JX856807

Senna pleurocarpa

Spondias tuberosa

Tabebuia

impetiginosa

Varronia bullata

Ximenia americana

Ziziphus glabrata

AF367007

GU943750

EF105097

KF158211

DQ340620

AJ225799
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Appendix H. Results of Shapiro-Wilk tests used to test thenabdistribution of response

variable errors. Response variabl88(T) - mean phylogenetic diversity of total lineages

2D(T) - mean phylogenetic diversity of dominant ligea, MPD - mean phylogenetic distance

and, NRI - nearest relatedness index). Model factobl - chronic disturbance, OS -

ontogenetic stage, A - stem abundance in the plot.

Model w P
°D(T) = CDI + OS + A + OSxCDI 0.990 0.752
?D(T) = CDI + OS + A + OSxCDI 0.973 0.07
MPD= CDI + OS + A + OSxCDI 0.986 0.506
NRI= CDI + OS + A + OSxCDI 0.987 0.558
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Appendix |. Differences in species richness and stems abgedaman + SD) among
ontogenetic stages (adults, saplings and seedliBg&rent letters indicate significant

differences among stages (Tukey tests).

Ontogenetic stage Species richness Stem abundance
Adults 18.5+3.6 362+92.1
Saplings 6.7+2.2 11.8+6.5

Seedlings 57+ 1.8 10.8 £ 3.5
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Appendix J. Model coefficients for each factor model includedhe linear models fitted to test the effect bfanic disturbance index on
phylogenetic diversity metrics of plant assembla@elsilts, saplings and seedlings) from the Braziiaatinga, Parnamirim municipality,
Pernambuco, Brazil. Model factors codes: CDI — plrdlisturbance, OS — ontogenetic stage, A — iddils abundance in each plot.

Significance level TP > 0.05;*P < 0.05).

Phylogenetic metrics

°D(T) D(T) MPD NRI
Model factors Estimate  t- ratio Estimate t - ratio Estimate t - ratio Estimate - rdtio
CDlI -0.014* -2.58 -0.007* -2.22 -0.804* -4.98 0.001* 52.
A 0.008"* 1.69 -0.002° -1.12 -0.047° -0.53 -0.002° -1.15
CDI x OS (adults) 0.007** 0.85 -0.001° -0.07 0.290° 1.23 -0.02* -2.99
CDI x OS (saplings) -0.007*° -0.90 0.000° 0.11 -0.04° -0.21 0.00° 1.08

CDI x OS (seedlings)  -0.000" -0.00 -0.000° -0.04 -0.242° -1.09 0.01* 2.07
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Appendix K. Results of NODESIG procedure showing clades thatrituted to non-random phylogenetic structuredal&a sapling and

seedling communities. With this method we idenlifdades that contributed significantly to non-ramdphylogenetic structure, considering
each ontogenetic stage. Based on a randomizaBgrN®DESIG assesses whether a particular NODEeiisample has significantly more or
less descendent taxa than expected by a null niimdietated as SIG in the TablesAbbreviations: A = adult; Sa = sapling; Se = seedlings.
ReferencesWebb, C.O., Ackerly, D.D. & Kembel, S.W. (2008) Rigom: software for the analysis of phylogenetimoaunity structure and

character evolution. Bioinformatic4, 2098-2100.

Adult assemblags Sapling assemblac Seedling assemblag
Plot  Disturbance Node SIC Plot  Disturbance Node SIC Plot Disturbance Node SIC
value value value
1 53.¢ 30.5C more 1 53.¢ 30, 50 more 1 53.¢ 30,50,53, 57, more
58, 59
2 25.2 30,5C more 2 25.2 51, 53, 57,58, more 2 25.2 51, 53, 57, 5¢ more
59
53.1 28, 30, 50,8C more 3 53.1 83 more 5 45.¢ 53 more
5 45.¢ 30, 50, 5 more 5 45.¢ 51, 5¢ more 7 61.¢ 53,57,58,5 more
6 43.t 30, 50, 8. more 7 61.¢ 53, 57, 58, 59, ¢ more 8 33. 51, 5¢ more
7 618 30, 50, 78, 8 more 8 33.k 50, 51, 5. more 9 64.4 89 more
1C 18.¢ 30, 5¢ more 9 64.£ 8¢9 more 1C 18.¢ 8¢9 more
11 47.L 30,50,78, 80,8 more 1C 18.¢ 89 more 11 47.2 88, 2: more
12 46.¢ 58 more 11 47.L 86, 8¢ more 20 46.1 59 more

15 9.¢ 28, 30, 5, 78, 80, more 2C 46.1 58 more 23 27.¢ 3C more
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88
17 0.€ 3C more 23 27.¢ 3C more 24 83.¢ 30, 53,57, 7 more
19 47.k 28, 30, 5 more 24 83.¢ 30, 53,57, 7 more 25 10¢ 30, 50, 51, 52 more
53,57, 58, 62
2C 46.1 5C more 25 10¢ 30,50,51,53,5 more 27 93.2 53 more
73
21 1.c 39 more 27 93.2 53 more 28 83.¢ 86, 8¢ more
23 27.¢ 28, 3( more 28 83.¢ 82 more 29 18.1 58, 5¢ more
23 27.¢ 7 les:
24 83.¢ 73 more
26 68.1 73 more

28 187 28, 3(, 8¢ more
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Node codes

Assemblage  Node Clade

A/ 7 Lamiids (Gentianales and Lamial
Al 28  Core Eudicot

A/Sa/S¢ 3C Rosids (Fabids and Malvic

A 39 Malvales to Brassical

A/Sa/S¢ 5C Fabids (Celastrales, Malpighiales, Fabales and |Bg)
Sa/Si 51 Celastrales to Malphigial
A/SalS¢ 53 Malphighiale:

Sa/S 57 Euphorbiacee

A/SalSt 58  Crotor to Jathophi

Sa/Si 58  Crotor

Sa/S 62  Jatrophe

A/Se 73 ManihotandCnidoscolu

Sa/Si 75 Cnidoscolu

A 78  Fabid:
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A
A/SalSt
Seé
A/SalSt
A/SalSt
Sa/S

8C
82
83
86
88
8¢

Fabacee

Papilionoideae and Mimoso
Amburaneto Dalbergie
Palpilionoidea

Mimosoids

Ponciandla
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Appendix L. Correlations between the chronic disturbance iratekthe abundance of each species for adult (Alinga(B) and seedling (C)

plant assemblages. Gray rectangles highlight spetiendances that are significantly (p < 0.05) dmgin lower due to chronic disturbance.

A Pilosocereus gounellei
Jatropha molissima
Erythroxylum pungens
Pilosocereus pachycladus
Cordia trichotoma
Sapium glandulosum
Amburana cearencis
Cnidoscolus quercifolius
Aspidosperma pyrifolium
Ziziphus joazeiro
Schinopsis brasiliensis
Dalbergia cearensis
Senegalia polyphylla
Poincianella pyramidalis
Jatropha ribfolia
Spondias tuberosa
Pseudobombax marginatum
Enterolobium contorsiliguum
Guettarda angelica
Handroanthus spongiosus
Cereus jamacaru spp jamacaru
Prockia crucis
Croton sonderianus
Ximenia americana
Handroanthus impetiginosus
Lippia origanoides
Poincianella microphylla
Ditaxis desertorum
Chloroleucon mangense
Jatropha mutabilis
Guapira graciliflora
Manihot pseudoglaziovii
Myracrodruon urundeuva
Mimosa tenuiflora
Cochlospermum vitifolium
Sebastiania macrocarpa
Cnidoscolus vitifolius
Calliandra depauperata
Cordiera concolor
Cynophalla hastata
Varronia leucocephala
Anadenanthera colubrina
Combretum cf. monetaria
Helicteres eichleri
Colicodendron yco
Senna macranthera
Croton adamantinus
Bauhinia cheilantha
Fraunhofera multiflora
Commiphora leptophloeos
Piptadenia stipulacea
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Cnidoscolus vitifolius
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Dalbergia cearensis
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Bauhinia cheilantha
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Fraunhofera multiflora
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Croton sonderianus
Jatropha ribfolia
Guapira graciliflora
Cnidoscolos quercifolius
Anadenanthera colubrina
Erythroxylum pungens
Jatropha molissima
Sapium glandulosum
Aspidosperma pyrifolium
Senegalia polyphylla
Cordia trichotoma
Amburana cearensis
Croton adamantinus
Dalbergia cearensis
Cordiera concolor
Ximenia americana
Commiphora leptophloeos
Poincianella microphylla
Jatropha mutabilis
Senna macranthera

Pseudobombax marginatum

Fraunhofera multifiora
Cynophalla hastata
Mimosa tenuiflora
Combretum cf. monetaria
Manihot pseudoglaziovii
Caliandra depauperata
Poincianela pyramidalis
Ditaxis desertorum
Cnidoscolus vitifolius
Piptadenia stipulacea
Bauhinia cheilantha
Myracrodruon urundeuva
Varronia leucocephala
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CONCLUSOES

A literatura que aborda o efeito das perturbac@esamas sobre a biodiversidade é
considerada vasta, no entanto a maioria dos estratasda forma aguda da perturbacao, pois
esta forma é mais facilmente detectada. A pertédagdnica, por sua vez, ocorre de maneira
silenciosa criando um mosaico de areas com distigtaus de perturbacdo, sendo muitas
vezes dificil mensurar todas as fontes de impaagtoajuam numa determinada area. Neste
trabalho buscamos contribuir para o conhecimen®edeitos dessas perturbacées crbnicas
sobre flora, utilizando como modelo comunidadestaig lenhosas da Caatinga em distintos
estagios ontogenéticos (adultos, jovens e plantuleste estudo forneceu informacdes
importantes sobre a questdo da perturbacao crbaid@aatinga, e se destaca por tratar de
forma integrada trés estagios ontogenéticos e fitizau conjuntamente medidas de
diversidade taxondémicas e filogenéticas, que enjuotm nos ajudaram a elucidar mais
profundamente as consequéncias dessas perturbacdes.

Através de uma revisdo de literatura, o primeirpitcdo desta tese demonstrou que
perturbacdes antrépicas cronicas sdo comuns emspais desenvolvimento dos continentes
Africano, Asiatico da America do Sul/Central, cumspulacdes humanas pobres dependem
dos recursos da floresta para subsisténcia e ttenda. A principal fonte de perturbagéo
dos estudos analisados foi a coleta de produtossflmis ndo madeireiros, além da ocorréncia
simultanea de distintas fontes de disturbio corndagdo de animais e coleta de madeira. Os
efeitos da perturbacdo crénica geralmente foranssades ao nivel de populacbes e
comunidades, sendo estes efeitos em sua maioraivesy mas ocorrendo também efeitos
positivos e neutros. Os efeitos neutros e positidas perturbacdo cronica estiveram
associados, por exemplo, a atributos como propageedetativa e crescimento rapido, os
quais estiveram associados a utilizacdo dos rexunetorais de forma menos intensa e através
de técnicas de manejo consideradas como sustent&meila que o nimero de estudos que
tratam dos efeitos da perturbacdo cronicas soliedaversidade tenha cresido nos altimos
anos, percebemos a necessidade de mais publicag@egsratem dos efeitos no nivel
ecossistémico, além de outros aspectos das popsla@ée. diversidade genética) e
comunidadesie. processos e interagoes).

Os capitulos 2 e 3 se referem aos estudos de eakrados em areas de Caatinga do
municipio de Parnamirim, no sertdo Penambucano,queis avaliaram o efeito de
perturbacdes antropicas crénicas sobre a divessidéakondmica e filogenética,

respectivamente. Demonstramos que perturbacéescasoriveram, em geral, efeitos
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negativos sobre a diversidade taxondmica e comimsias comunidades lenhosas adulta, de
jovens e de plantulas, sendo a densidade de pessteasnimais criados extensivamente os
preditores mais importantes desses efeitos negatMém disso, a composicao de espécies
observada foi simplificada em areas mais pertuhagkndo raras espécies de madeira densa
como Myracrodruon urundeuviaFraunhofera multiflora Bauhinia cheilanthae Piptadenia
stipulacea No terceiro capitulo verificou-se que os distdsbcronicos reduziram o namero
de familias esperadas para historia evolutiva géoe bem como a distancia filogenética (em
milhdes de anos) entre os individuos da comunid@démn disso, constatou-se que a
comunidade de jovens e de plantulas de areas redigripadas apresenta maior grau de
parentesco entre os individuos da comunidade. Augbaicdo crénica fez com que taxons
como a familia Euphorbiaceae e o généridoscolus que conseguem colonizar e sao bem
representados em habitats inGspitos, ocorressemneaig) frequéncia em comunidades de
plantulas e jovens. Esses resultados apontam due db empobrecimento taxonémico,
apenas grupos de espécies mais aparentados sd@aesdparecrutar plantulas nas areas mais
perturbadas, o que sugere que a perturbacao ciemcatuando como um filtro ambiental.

A perturbacéo crénica humana sobre a flora da @gmtem caracteristicas similares a
outras florestas do mundo em que as comunidadesarfasndependem dos produtos
florestais. O uso da floresta pelas popula¢cdes hamaé considerado como uma forma de
aliviar os efeitos da pobreza, mas o0 uso continumdmn longo prazo de seus beneficios
econdmicos e culturais levam ao empobrecimentolata tomo apresentado em nossos
resultados. Além disso, as perturbacdes cronicakerpose acumular e causar impactos
ecololdgicos maiores, indo desde o empobrecimeatfioda a cenarios de desertificacdo na
Caatinga. Esta possibilidade nos traz maiores idssafljas solugdes dependem de futuras
investigacdes que avaliem: (i) o impacto das pleaizdies cronicas nas comunidades ao longo
do tempo, (ii) o efeito dessas perturbagdes sobr@didade e dinamica das populacdes, (iii)
como processos e interagfes ecologicas sédo afgtatboperturbacdo cronica, (iv) coleta de
informacdes sobre tipos de uso, formas de extrapdantidade de recursos coletados, (V)
efeitos da perturbacdo crénica no ecossistemaCeginsiderando-se que a demanda por
recursos naturais € crescente, as perturbacbescasdémdo podem continuar sendo
negligenciadas nas iniciativas que tratam da cwas@o da biodiversidade e do
desenvolvimento rural. Como medidas para conaliaso da floresta e a manutengéo de sua

biodiversidade nds sugerimos mais atengéo e imvestos em:
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1) Pesquisa e desenvolvimento de programas rusais’igem o desenvolvimento de
praticas sustentaveis nas florestas remanescesgpscialmente voltadas ao manejo de
rebanhos e coleta de madeira. Este manejo poda gartir da desintensificacdo dessas
atividades visando conciliar a manutencdo da di&de e o uso das florestas, ao invés da
imposicdo da conservacao integral de grandes parak propriedade rural. Além disto,
através do incentivo a producés situde espécies com importante valor de uso e a outras
fontes de renda compativeis com a manutencao bisiilade da Caatinga.(. apicultura,
turismo etc).

2) Melhoria na gestdo governamental e aplicac&o lelasvisando transformar o
extrativismo atual em praticas de manejo susteigave

3) Expansdo do numero de &reas protegidas de fooietegral e implementacao
efetiva das mesmas. Nessas areas devera ser eyitaldoer uso dos recursos florestais a fim
de resguardar a biodiversidade no seu estado @iaisahpossivel.

Em fim, o manejo adequado das perturbacdes cronmmsCaatinga requer
contribuigcdes integradas das comunidades que Esantidos recursos, dos conhecimentos
ecoldgicos/multidisciplinares e das distintas esfegovernamentais para que espécies e

histéria evolutiva se mantenham neste ecossistaia.U
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