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RESUMO

Alteragdes de origem antropogénica no habitat configuram-se como uma das principais
ameacas a biodiversidade. Compreender como a diversidade de espécies e suas func¢des sdo
afetadas pelas mudancas antropicas € crucial para avaliar a acdo dos impactos ambientais, além
de contribuir para a tomada de decisfes voltadas a protecdo do meio ambiente. Neste trabalho
avaliamos como a diversidade taxondmica e funcional em taxocenoses de lagartos (Squamata),
bem como em aspectos de sua ecologia, respondem a mudancas no estagio de regeneracdo da
vegetacgdo nativa e no uso do solo para a agricultura. No Capitulo | apresentamos como métricas
de diversidade taxonémica (riqueza, equitabilidade e abundancia) e funcional (riqueza
funcional, equitabilidade funcional e divergéncia funcional) respondem a estas mudancas em
diferentes tipos de vegetacdo no dominio Caatinga (Caatinga sensu stricto, Cerrado sensu
stricto e Floresta Umida Relictual). Utilizamos areas de vegetacdo preservada (localizadas
dentro das unidades de conservacdo) como controle e comparamos aos demais estagios de
regeneracdo da vegetacdo nativa (vegetacdo preservada, vegetacdo secundaria fechada e
vegetacao secundaria aberta) e com no uso para agricultura. Houve reducdo na equitabilidade e
aumento da abundancia em todos os tipos de vegetacdo, e reducao da equitabilidade funcional
na Caatinga sensu stricto principalmente em &reas de agricultura e estagios mais iniciais de
regeneracdo da vegetacdo nativa (vegetacdo secundaria aberta). Assim, as taxocenoses nestas
categorias foram dominadas por um menor nimero de espécies e tiveram um aumento da
abundancia de espécies tolerantes. A riqueza aumentou em areas de agricultura na Floresta
Umida Relictual associada a perda de espécies florestais e colonizagio por espécies heliofilas,
sugerindo que uma andlise separada apenas da riqueza pode ndo ser suficiente para
compreender de forma clara os efeitos de distlrbios ambientais nesse tipo de vegetacdo. No
Capitulo Il avaliamos se existem mudancas na riqueza em diferentes escalas (local e regional),
na similaridade na composicdo de espécies, e se ocorre homogeneizacdo taxonémica e
funcional em escala regional levando em consideracdo mudangas no estagio de regeneracao da
vegetacdo nativa e no uso do solo para agricultura. Apesar de encontrarmos mudangas na
riqueza de espécies em escala local (reducdo em uma das areas de Caatinga sensu stricto e
aumento na Floresta Umida Relictual em areas de agricultura) ndo registramos mudancas em
escala regional, o que pode estar associado ao processo de homogeneizacdo biotica.
Identificamos um aumento da dissimilaridade taxondmica a nivel local nas areas de Caatinga

sensu stricto, em areas de agricultura, e na dissimilaridade taxondmica e funcional na Floresta



Umida Relictual, mesmo em niveis mais tardios de regeneracéo da vegetac&o nativa (vegetacéo
secundaria fechada), indicando mudancas mais intensas de dissimilaridade nesse tipo de
vegetagdo que nos demais tipos investigados. A nivel regional identificamos homogeneizagéo
taxonbmica em areas de vegetacdo secundaria aberta e de agricultura, mas nao identificamos
homogeneizacdo funcional. E possivel que estes aspectos sejam atribuidos, por exemplo, &
redundancia funcional. No Capitulo Ill avaliamos como o lagarto generalista Tropidurus
hispidus é afetado em sua abundéncia, interagdo com parasitos e no uso do microhabitat com o
uso do solo para a agricultura em relagcdo a areas de vegetacdo nativa. A abundancia de T.
hispidus aumentou em areas de agricultura apenas na analise geral (escala regional) e na
Floresta Umida Relictual. Nas demais areas (Caatinga sensu stricto e Cerrado sensu stricto) a
espécie ndo aumentou em abundéancia, mas também ndo diminuiu. Registramos diferencas na
abundancia e prevaléncia de helmintos heteroxénicos (maior em &reas conservadas) e
monoxénicos (maior em areas de agricultura). Nao identificamos padrdes claros na amplitude
do nicho espacial, o que demonstra sua versatilidade no uso do microhabitat. Estes trabalhos
contribuem para a ampliacdo do conhecimento da ecologia e dos efeitos de distlrbios

ambientais sobre taxocenoses de lagartos.

Palavras-chave: biodiversidade; degradacdo ambiental; dissimilaridade; diversidade

funcional; Squamata.



ABSTRACT

Anthropogenic alterations in the habitat are one of the main threats to biodiversity.
Understanding how species diversity and their functions are affected by anthropic changes is
crucial to assess the action of environmental impacts, in addition to contributing to decision-
making aimed at protecting the environment. In this work, we evaluated how taxonomic and
functional diversity in lizard (Squamata) assemblages, as well as aspects of their ecology,
respond to changes in the stage of native vegetation regeneration and in land use for agriculture.
In Chapter I, we present how taxonomic (richness, evenness and abundance) and functional
(functional richness, functional evenness and functional divergence) metrics respond to these
changes in different types of vegetation in the Caatinga domain (Caatinga sensu stricto, Cerrado
sensu stricto and Relictual Humid Forest). We used areas of preserved vegetation (located
within conservation units) as a control and compared it to the other stages of vegetation
regeneration (closed secondary vegetation and open secondary vegetation) and with the use for
agriculture. There was a reduction in evenness and an increase in abundance in all types of
vegetation, and a reduction in functional evenness in Caatinga sensu stricto, mainly in areas of
agriculture and earlier stages of vegetation regeneration (open secondary vegetation). Thus, the
assemblages in these categories were dominated by a smaller number of species and had an
increased abundance of tolerant species. Richness increased in areas of agriculture in the
Relictual Humid Forest associated with the loss of forest species and colonization by
heliophilous species, suggesting that a separate analysis of richness alone may not be sufficient
to clearly understand the effects of environmental disturbances on this vegetation type. In
Chapter 11, we assess whether there are changes in richness at different scales (local and
regional), in the similarity in species composition, and whether there is taxonomic and
functional homogenization at a regional scale, taking into account changes in the stage of
regeneration of native vegetation and in the agricultural land use. Although we found changes
in species richness on a local scale (reduction in one of the areas of Caatinga sensu stricto and
an increase in Relictual Humid Forest in agriculture areas), we did not record changes on a
regional scale, which may be associated with the process of biotic homogenization. We
identified an increase in taxonomic dissimilarity at the local level in Caatinga sensu stricto
areas, in agricultural areas, and in taxonomic and functional dissimilarity in Relictual Humid
Forest, even at later levels vegetation regeneration (closed secondary vegetation), indicating

changes more intense dissimilarities in this type of vegetation than in the other investigated



types. At the regional level, we identified taxonomic homogenization in open secondary
vegetation and agricultural areas, but we did not identify functional homogenization. It is
possible that these aspects are attributed, for example, to functional redundancy. In Chapter 11
we evaluated how the generalist lizard Tropidurus hispidus is affected in its abundance,
interaction with parasites and microhabitat use with agricultural land use in relation to areas of
native vegetation. T. hispidus abundance increased in agricultural areas only in the general
analysis (regional scale) and in the Relictual Humid Forest. In the other areas (Caatinga sensu
stricto and Cerrado sensu stricto) the species did not increase in abundance, but neither did it
decrease. We recorded differences in the abundance and prevalence of heteroxenous (higher in
conserved areas) and monoxenous (higher in agricultural areas) helminths. We did not identify
clear patterns in the spatial niche amplitude, which demonstrates its versatility in the use of the
microhabitat. These works contribute to the expansion of knowledge of ecology and the effects

of environmental disturbances on lizard taxa.

Keywords: biodiversity; environmental degradation; dissimilarity; functional diversity;

Squamata.
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1 INTRODUCAO GERAL
1.1 Padroes de diversidade e aspectos que o influenciam

Avaliar os padrdes de distribuicdo, riqueza e composicao de espécies é um objetivo
de destaque em estudos de ecologia, abordado por diferentes teorias, como a teoria de nicho
(Grinnel, 1917; Elton, 1927; Hutchinson, 1959), teoria da biogeografia de ilhas (MacArthur;
Wilson, 1967), teoria neutra (Hubbell, 2001) e teoria de montagem de comunidades (iniciada
por Diamond, 1975).

E proposto que as taxocenoses locais sdo geradas a partir de um subconjunto de
espécies encontradas em uma regido (pool regional) (Pértel et al., 1996). A composic¢do local é
influenciada pela capacidade de disperséo dos organismos e consequentemente da colonizagao
de novos ambientes (revisdo em Booth; Swanton, 2002). O sucesso na dispersdo €
acompanhado da capacidade que as espécies possuem de se adequar a condicdes e recurso locais
(Grinnell, 1917; Elton, 1927). Mesmo adequando-se as condi¢cdes ambientas, uma espécie so é
capaz de se estabelecer se superar as imposicGes geradas pelas interacGes interespecificas
(Hutchinson, 1959). Estes processos e interacdes, relacionando-se dinamicamente com
diferentes forcas, ajudardo a definir a diversidade local de espécies (Soberdn; Peterson, 2005).

Disturbios ambientais geram alteracdes em condicdes (Vitt, 1998), recursos (Spaan
et al., 2020) e estrutura do habitat (Almeida-Gomes; Rocha, 2014; Flores; Zanette; Araujo,
2018), o que pode implicar diretamente na composicao e distribuicdo de espécies (e.g. Hewitt
et al., 2010; Almeida-Gomes; Rocha, 2014; Whitbeck et al., 2016). Dentre as formas de
alteracdes antropogénicas, a conversdo da vegetacdo nativa em areas de agricultura esta entre
as principais ameacas a biodiversidade (Ellis et al., 2010). Ap6s abandonada uma area de
agricultura espera-se que caracteristicas na diversidade sejam reconstituidas (Latawiec et al.,
2016). Para se avaliar o efeito de impactos ambientais é necessario, entretanto, o uso de métricas
de diversidade, que nos permitam considerar de forma pratica como as mudancas estdo

ocorrendo.

1.2 Métricas de diversidade e suas facetas

Durante muito tempo métricas tradicionais como nimero de espécies (riqueza) e
sua contribuicéo relativa (equitabilidade) foram dominantes em estudos de diversidade. Estas
métricas, entretanto, ndo sdo fortes em prever o funcionamento da comunidade (Cianciaruso;

Silva; Batalha, 2009). Deste modo, se quisermos compreender de forma mais dindmica os
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efeitos dos impactos ambientais sobre a biodiversidade devemos levar em consideracdo também
outros aspectos, como funcionais e filogenéticos (Ouchi-Melo et al., 2018).

A diversidade funcional é entendida como a funcdo que 0s organismos
desempenham no ambiente, e pode ser analisada por meio de tracos funcionais. Tragos
funcionais sdo caracteristicas dos organismos associadas a forma como um ecossistema
funciona ou opera (Tilman, 2001). A diversidade funcional, assim como métricas tradicionais,
pode ser afetada por mudancas de origem antropogénica nos mais distintos grupos taxonémicos
(e.g. Aves - Subasinghe; Sumanapala, 2014; Almeida et al., 2016; Anuros - Riemann et al.,
2017; Flynnetal., 2009; Lagartos - Berriozabal-Islas et al., 2017), e gerar efeitos como aumento
na chance de invasao por espécies exoticas, reducdo da produtividade (Chapin 111, 2000), perda
de funcBes (Hautier et al., 2018) e servigos ecossistémicos (Sekercioglu, 2012).

Um importante mecanismo proposto para ligar diversidade de organismos ao
funcionamento do ecossistema é a complementaridade de nicho na particdo de recursos
(Petchey, 2003; Riemann et al., 2017). Os recursos sdo divididos entre 0s animais de trés
principais formas, por seu tempo de atividade (padrdo temporal), os lugares que exploram
(padrdo espacial) e os alimentos que consomem (padrao tréfico) (Pianka, 1973). Deste modo,
analisar esta gama de distribuicao de caracteres deve constituir-se como uma boa medida para
aferir tracos funcionais as espécies, assim como fatores que influenciem seu crescimento,
reproducéo e sobrevivéncia (Rosenfeld 2002).

Assim como a diversidade taxonémica é particionada em riqueza e equitabilidade,
a diversidade funcional também pode apresentar uma divisdo semelhante (Mouillot et al.,
2013a) e se beneficiar de uma analise mais refinada que a avaliacdo destes aspectos
independentes podem trazer (e.g. Graham et al., 2009). A riqueza funcional (FRic) abrange o
volume no espaco funcional ocupado pelas espécies (Villéger; Mason; Mouillot, 2008). Quanto
mais ampla a distribuicdo de caracteristicas maior a riqueza funcional (Mason et al., 2005). A
equitabilidade funcional avalia como os tracos estéo distribuidos quanto a abundancia no espago
funcional (Villéger; Mason; Mouillot, 2008). Quanto mais bem distribuida estdo as
caracteristicas em abundancia maior a FEve (Mason et al., 2005).

Outro componente que tem recebido destaque é a divergéncia funcional (FDiv) que
avalia o quanto os taxons diferem quanto a sua abundancia em relacéo a caracteristicas extremas
(Mason etal., 2005). A reducéo da FDiv pode estar relacionada a perda de espécies especialistas
e consecutivamente de caracteres mais extremos no espaco funcional (Villéger et al., 2010) e

seu aumento a um alto grau de diferenciacdo de nicho e baixa competicdo por recursos (Mason
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et al., 2005). Todas essas métricas de diversidade funcional sdo amplamente utilizadas em
estudos associados a impactos ambientais e numa grande variedade de grupos de organismos
(e.g. lagartos - Berriozabal-Islas et al., 2017; aves - Matuoka et al., 2020; anfibios — Moreira;
De Castilhos; Castroviejo-Fisher, 2020), o que facilita sua discussdo e analise. Avaliar
diferentes facetas da diversidade diante do efeito de impactos ambientais, como a diversidade
taxondmica e funcional podem contribuir para um melhor entendimento de como 0s organismos

respondem a disturbios ambientais (Biswas; Mallik, 2010; Song et al., 2014).

1.3 Homogeneizac¢io bidtica e o efeito da escala nos padroes de diversidade

Respostas a disturbios ambientais ndo sdo homogéneas, e podem variar, por
exemplo, de acordo como a escala espacial investigada (Smart et al., 2006). Um aumento da
diversidade em escala local, que englobe espécies exoticas e invasoras, pode nao se resumir em
um aumento em escala regional, visto que a repeticdo desse padrdo em diferentes localidades
de uma regido pode se traduzir num processo de homogeneizagdo bidtica (Arnan; Cerda;
Rodrigo, 2020). A homogeneizacdo bidtica ocorre quando as espécies passam a ser cada vez
mais similares quando comparadas diferentes areas de estudo (Marcacci et al., 2021). A
hipdtese da heterogeneidade ambiental propde que ambientes mais heterogéneos tendem a
disponibilizar maior diversidade de recursos e consequentemente fornecem mais nichos
realizados, contribuindo para um aumento da diversidade (Bazzaz, 1975; Stein; Gerstner; Kreft,
2014), assim areas mais amplas geograficamente tendem a abranger uma maior diversidade de
ambientes e consecutivamente uma maior diversidade biotica (Stein; Gerstner; Kreft, 2014).

Um dos processos que pode reduzir a heterogeneidade ambiental e
consecutivamente causar homogeneizagdo biotica € a conversdo de vegetacdo natural em areas
de agricultura (Karp et al., 2012). A homogeneizacdo bidtica também pode ser investigada em
diferentes facetas, como taxondmica e funcional, que podem apresentar respostas
concomitantes (Liang et al., 2019) ou divergentes (Villéger et al., 2014), dependendo dos
padrbes de diversidade, por isso merecem ser investigadas conjuntamente. Além da escala
espacial, outro fator que pode influenciar em respostas distintas a alteracbes ambientais, mesmo
em grupos de organismos relacionados é o tipo de ambiente investigado, que pode variar, por

exemplo, em condi¢des ambientais (Biswas; Mallik, 2010).

1.4 Dominio Caatinga e seus tipos de vegetacio
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O dominio Caatinga esta localizado na regido nordeste do Brasil e apresenta como
vegetacdo predominante a Caatinga sensu stricto, uma vegetacdo arbustiva-arborea com
adaptacOes frequentes a um clima semiarido, como presenca de espinhos, microfilia e
caducifolia em plantas (Prado, 2003). Nesta regido as taxas de evapotranspiracdo excedem as
de pluviosidade na maior parte do ano, causando déficit hidrico (Andrade et al., 2017). Sua
fauna também possui adapta¢6es comportamentais e fisiologicas ao periodo de estiagem, como
migracdo em aves (Olmos et al., 2005; Araujo; Silva, 2017), e estivacdo em alguns anfibios
(Jared et al., 2020). O Nordeste brasileiro é fortemente ameacado por impactos ambientais e a
perda e fragmentacdo do habitat configuram-se dentre as principais ameagas a fauna silvestre
(Leal et al., 2005; Beuchle et al., 2015).

Apesar da Caatinga sensu stricto ser a vegetagdo predominante no Nordeste do
Brasil, outros tipos de formacgGes vegetais também sdo encontrados. Nos macicos residuais e
planaltos sedimentares ha a presenca de Florestas Umida, Mata seca e Carrasco. No litoral,
areas de Restinga e Mata de Tabuleiro, e em regides de chapada e litoraneas, areas de Cerrado
(Moroetal., 2015). Devido a presenca de diferentes tipos de vegetacdo, moldados por diferentes
processos historicos e ecoldgicos, a Caatinga deve ser vista ndo como uma unidade vegetacional
Unica, mas como um dominio (Queiroz et al., 2017). Esta variedade oportuniza avaliar o quéo
amplo podem ser os padrdes de mudangas na diversidade a partir de distarbios ambientais se

levado em consideracéo diferentes tipos de vegetagéo.

1.5 Lagartos como modelo de estudo

Lagartos (Squamata) sdo bons modelos para se testar os efeitos de impactos
ambientais, pois sdo de facil visualizacdo, apresentam diversidade de espécies
consideravelmente bem conhecidas (Pincheira-Danoso et al., 2014; Mesquita et al., 2017) e
respondem a distarbios antropogénicos como fragmentagcdo (Walkup; Leavitt; Fitzgerald,
2017), reducdo da heterogeneidade do habitat (Pianka, 1967) e uso da terra para agricultura
(Glor et al., 2001; Janiawati; Kusrini; Mardiastuti, 2016, Berriozabal-Islas et al., 2017).
Ecologicamente sdo importantes predadores (principalmente de artropodes) e presas (aves,
mamiferos, serpentes) na cadeia alimentar, e contribuem na dispersao de sementes e no controle
de pragas (Valencia-Aguilar; Cortés-Gomez; Ruiz-Agudelo, 2013; Valido; Olesen 2019).
Estudos que consideram as respostas conjuntas de diversidade taxondmica e funcional nos
lagartos sao escassos (por exemplo, Berriozabal-Islas et al., 2017), reforcando a importancia de

avaliar estes padrbes em diferentes tipos de ambiente. Dentro de um grupo aparentado, como
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os lagartos, entretanto, algumas espécies podem ser mais sensiveis que outras a alteracdes
ambientais (Scott et al., 2006).

1.6 Padrao de resposta a distirbios em espécies tolerantes

A forma como as espécies sdo afetadas pela antropizacdo nem sempre segue um
padrao geral de declinio. Enquanto algumas tendem a ser prejudicadas ou desaparecerem (Bell;
Donelli, 2006; Suazo-Ortufio; Alvarado-Diaz; Martinez-Ramos, 2007), outras podem inclusive
aumentar em abundancia (MacGregor-Fors et al., 2017), sendo, ainda assim, um indicativo de
antropizacdo. As espécies especialistas tendem a ser afetadas mais negativamente diante de
alteracGes ambientais (Mouillot et al., 2013b). Ja as espécies generalistas utilizam uma ampla
gama de recursos e tendem a se adaptar mais frequentemente (Canning; Death; Gardner, 2017).
Levando em consideracdo que as espécies podem responder negativa ou positivamente diante
de alteragGes ambientais, tanto espécies sensiveis como resistentes podem ser utilizadas como
bioindicadoras.

Um exemplo de espécie resistente a alteraces antropicas encontrada no Nordeste
do Brasil é o lagarto Tropidurus hispidus (Spix, 1825). A espécie possui dieta generalista, sendo
predominantemente insetivora, e possui 0 comportamento senta-e-espera como estratégia mais
comum de forrageamento (Kolodiuk; Ribeiro; Freire, 2009). Em areas naturais, utiliza
principalmente de troncos de arvore como habitat para forrageamento e termorregulacao
(Albuquerque et al., 2018). Tropidurus hispidus é frequentemente encontrado em ambientes
urbanos e demonstra se beneficiar com a antropizacdo (Andrade et al., 2019). Apesar de serem
descritos aspectos de sua histdria de vida como dieta, uso de microhabitat (Ribeiro; Freire,
2011; Albuquerque et al., 2018) e diversidade de parasitos (Avila; Silva, 2010; Anjos et al.,
2013; Galdino et al., 2014), as relagdes entre diferentes aspectos de sua histéria de vida (como
uso do microhabitat e interagdo com parasitas) com as mudangas no uso do solo séo
desconhecidas. Assim, compreender estas perspectivas podem trazer respostas ainda mais

refinadas de como lagartos tolerantes respondem a alteragdes ambientais.

1.7 Organizacio e sintese da tese

Neste trabalho avaliamos como a diversidade em taxocenoses de lagartos ¢ afetada
por mudancas no estagio de regeneracdo natural da vegetacdo nativa (vegetacdo preservada,
vegetacdo secundaria fechada e vegetacdo secundaria aberta) e no uso do solo para agricultura,

e se ocorre homogeneizacdo bidtica nas diferentes classes. Além disso, avaliamos como uma



16

espécie generalista de lagarto (Tropidurus hispidus) é afetada em sua histdria de vida com o
uso do solo para a agricultura. Contemplando diferentes facetas da diversidade e abrangendo
diferentes escalas de estudo buscamos trazer um panorama mais amplo de como 0s impactos
ambientais no uso do solo afetam a biodiversidade.

No Capitulo I (manuscrito em processo de revisdo na revista Austral Ecology —
QUALIS A3, fator de impacto 2,08) apresentamos como a diversidade taxondmica (riqueza,
equitabilidade e abundancia) e funcional (FRic, FEve e FDiv) respondem a mudangas no estagio
de regeneracdo da vegetacdo nativa e no uso do solo para agricultura em diferentes tipos de
vegetacdo no dominio Caatinga (Caatinga sensu stricto, Cerrado sensu stricto e Floresta Umida
Relictual). Nossa hipotese é de que havera uma redugéo nas métricas de diversidade em estagios
mais precoces de regeneracao da vegetacdo e em areas de agricultura.

No Capitulo Il (a ser submetido para a revista Ecology and Evolution — QUALIS
A2, fator de impacto 2,91) avaliamos como a dissimilaridade na composicdo de espécies
responde a mudangas no esagio de regeneracdo da vegetacdo nativa e no uso do solo para
agricultura em escala local e se ocorre homogeneizacdo taxonémica e funcional em escala
regional, bem como se as respostas na riqueza mudam em relacdo a escala. Esperamos que ndo
haja mudanca da riqueza com o aumento da escala, que a Floresta Umida Relictual apresente
mudancas mais intensas na dissimilaridade de espécies associada as alteragcdes ambientais que
os demais tipos de vegetacdo e que haja homogeneizacdo taxondmica e funcional com em
estagios mais precoces de regeneracdo da vegetacdo nativa e areas de agricultura em escala
regional.

No capitulo Il (manuscrito em processo de revisdo na revista Herpetological
Conservation and Biology — QUALIS A4, fator de impacto 1,13) avaliamos como uma espécie
generalista de lagarto (Tropidurus hispidus) é afetada em sua abundéncia, interagdo com
endoparasitas € no uso do microhabitat em areas de agricultura. Esperamos que haja um
aumento da abundancia de T. hispidus em areas de agricultara, uma reducdo na abundancia e
prevaléncia de helmintos monoxénicos, mas ndo de heteroxénicos e uma reducao na amplitude
do nicho espacial. Todos os manuscritos estdo formatados de acordo com as revistas

supracitadas.
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Abstract The characterization of different facets of diversity allows us to fully understand
anthropogenic changes in biodiversity. Evaluating the same metric from the same perspective
in different environments let to predictions on how generalizable the patterns can be. In this
work we seek to understand if taxonomic and functional diversity of lizards responds to

changes in native vegetation regeneration and agricultural land use in different vegetation



19

types (Caatinga sensu stricto, Cerrado sensu stricto and Relictual Humid Forest) in the
Caatinga domain, Brazil. We found a reduction in evenness in at least in agricultural areas and
in some cases also in earlier stages of regeneration of native vegetation (open secondary
vegetation) across all vegetation types, reflecting a greater dominance of few species in more
degraded environments. Moreover, we found a reduced functional evenness in Caatinga sensu
stricto, suggesting that a smaller portion of traits present greater dominance in agricultural
areas and open secondary vegetation. We also found an increase in richness in agricultural
areas relative to preserved areas in Relictual Humid Forest, however with a marked change in
species composition (loss of forest species and colonization by heliophile and generalist
species), suggesting that species richness alone is not a good indicator of preserved areas in
this environment. The abundance also increased in more degraded environments from all
vegetation types, probably because the increased abundance of species benefited by
anthropization. In this work, we advance the knowledge about the effect of changes in land
use on lizard diversity and reinforce the importance of analyzing different facets of diversity
and different environments to understand how anthropization affects patterns in community

ecology.

Key words: Agricultural areas, anthropic impacts, conservation, biodiversity loss, Squamata.

INTRODUCTION

The conversion of pristine habitats into agricultural areas is one of the main ways of
intensifying land use worldwide (Ellis ez al. 2010). This often negatively impacts biodiversity
(Moreira et al. 2020; Susi & Laine 2021) through changes in conditions, resources, and
interactions between organisms (Valladares et al. 2015). After use and consecutive land
abandonment it is expected that the regeneration of native vegetation will gradually recover
the diversity and functioning of the environment, depending on factors such as previous land
use and the type of native vegetation (Latawiec et al. 2016; Warring et al. 2016).
Caracterizing different facets of biodiversity is an essential tool for analyzing diversity
patterns in community ecology (Carvalho et al. 2021; Hacala et al. 2021).

Taxonomic diversity (TD) encompasses traditional metrics such as richness, abundance,
and their interaction or distribution (e.g., evenness and diversity indexes). In general,
environmental impacts impair diversity metrics (e.g., Brown 2001; Flynn et al. 2009;

Fenoglio et al. 2020), but exceptions can occur, such as higher richness (Sheil & Burslen



20

2013) and evenness (Biswas & Mallik 2010) at intermediate disturbance levels, and increased
abundance with disturbance (Flores et al. 2017). Metrics that consider species abundance, not
just richness, tend to change shortly after environmental changes, since even the lowest levels
of disturbance can change population aspects before leading to species loss (Chapin III ez al.
2000). Traditional metrics, however, do not take into account the identity of organisms.
Knowing species composition helps us to reveal changes in diversity that other metrics, such
as species richness, cannot reveal (Arnold ef al. 2021). The species composition, associated
with knowledge of their life history (such as microhabitat use, diet, and tolerance to
environmental changes), allow better understanding the relationship between diversity and
environmental aspects, such as responses to the type of vegetation or anthropogenic changes
(e.g., Costa et al. 2019).

In contrast to traditional metrics of diversity, functional diversity (FD) considers species
characteristics by describing the distribution of functional traits (Petchey & Gaston 2006;
Mouchet et al. 2010). Functional diversity metrics can be negatively (e.g., in birds and
mammals — Flynn et al. 2009; plants — Pakeman 2011; birds — Almeida et al. 2016; anurans —
Riemann et al. 2017; lizards — Berriozabal-Islas et al. 2017) or positively (e.g., plants —
Pakeman 2011 and lizards — Berriozabal-Islas et al. 2017) affected by environmental
degradation. Response variation of functional traits can be influenced by aspects such as the
investigated taxon (Scott ef al. 2006; Matuoka et al. 2020), vegetation type (Biswas & Mallik
2010), type of metric used (Villéger et al. 2010), or biogeographic region (Benicio et al.
2021). Due to their particularities (e.g., functional redundancy — Walker 1992), Taxonomic
and functional diversity may not respond concomitantly to environmental changes (Song et
al. 2014; Riemann et al. 2017), evidencing the relevance of assessing these different facets of
diversity together.

Lizards (Squamata) are good models for testing the effect of anthropogenic
disturbances, such as fragmentation (Walkup et al. 2017), reduction of habitat heterogeneity
(Pianka 1967), and agricultural land use (Janiawati et al. 2016). However, studies considering
joint TD and FD responses in this taxon are still scarce (e.g., Berriozabal-Islas ef al. 2017).
Likewise, little is known regarding possible functional and taxonomic diversity variations due
to anthropogenic disturbance in the Caatinga domain for animals (except Aran et al. 2018 —
ants). Much of the environment has been altered by anthropogenic activities, with
approximately 63% of the region formed by anthropogenic ecosystems (Silva & Barbosa

2017). The term “domain” for the Caatinga helps to encompass the various types of
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vegetation found in its region, considered ecologically and evolutionarily heterogeneous
(Queiroz et al. 2017). The predominant vegetation type in the region is a Seasonally Dry
Tropical Forest (Caatinga sensu stricto). Other vegetation types encounter in the domain, but
to a lesser extent including the Tropical Savanna (Cerrado sensu stricto) and Relictual Humid
Forest (Moro et al. 2015). The search for patterns among different environments contributes
to better predictions on how the biodiversity aspects can be affected by disturbances (e.g.,
Biswas & Mallik 2010).

We evaluate how changes in stage of native vegetation regeneration and agricultural
land use affects lizard assemblages from different vegetation types of the Caatinga domain
(Caatinga sensu stricto, Cerrado sensu, and Relictual Humid Forest). We used diversity
metrics widely explored in diversity studies in different groups of organisms (e.g., fish —
Villéger et al. 2010; plants — Sitters et al. 2016; lizards — Berriozabal-Islas et al. 2017; birds —
Matuoka et al. 2020; amphibians — Moreira et al. 2020). To represent taxonomic diversity, we
used species richness (number of species), evenness (species abundance distribution, Pielou
1966), and abundance (total number of individuals). To represent functional diversity, we used
functional richness (FRic, volume in the trait space occupied by the species, Villéger et al.
2008), functional evenness (FEve, species abundance distribution in the functional space,
Villéger et al. 2008), and functional divergence (FDiv, how much the taxa differ within each
attribute category, Mason et al. 2005).

We predict that in earlier stages of regeneration of native vegetation (open secondary
vegetation) and in agricultural areas there will be a reduction in species richness (more
degraded environments can support a limited set of species, Scott ef al. 2006, but see Biswas
& Mallik 2009), abundance (more degraded environments may have fewer resources and thus
harbor fewer organisms, Scott et al. 2006; Biaginni & Corti 2015), FRic (species in more
degraded areas tend to present more similar traits, Mouillot ef al. 2013), FEve (more similar
traits in more degraded areas can lead to a greater clustering of species abundance in the
functional space, Villeger et al. 2008, but see Berriozabal-Islas et al. 2017), FDiv (due to
homogenization, more degraded environments may present a smaller proportion in the
distribution of species abundance as more extreme functional attributes, Mouillot et al. 2013),

and evenness (more degraded environments tend to be dominated by fewer species, Tu et al.

2020).

MATERIAL AND METHODS
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Study area

Three protected areas and surrounding areas in Brazil were sampled: Aiuaba Ecological
Station (AES) (6°41'03.4" S, 40°12'52.3" W), Sete Cidades National Park (SCNP) (4°06'03.0"
S, 41°42'09.1" W), and Ubajara National Park (UNP) (3°50'31.2" S, 40°54'00.5" W) (Fig. 1a).
The AES is located in the state of Ceara, municipality of Aiuaba, with an average annual
rainfall of 568.4 mm and an average altitude of 466 m (Ipece — Aiuaba 2017). The rainy
season is from February to April, the climate is Tropical Hot Semi-arid, and the predominant
vegetation is the shrub-tree Caatinga (Ipece — Aiuaba 2017). The SCNP is located in state of
Piaui, in a marginal area of Cerrado sensu stricto in the transition with Caatinga sensu stricto,
with an average annual rainfall of 1337 mm and an altitude between 100 and 280 m. The
rainy season is from January to May, and the region’s climate is classified as Dry Sub-humid.
The predominant vegetation is open Cerrado (Santos 2018). The UNP is located northwest of
the state of Ceara. In Relictual Humid Forest areas, the altitude is approximately 847.5 m, and
the average annual rainfall is 1483.5 mm. The rainy season is from January to April, and the
climate is Tropical, Sub-humid (Ipece — Ubajara 2017). In the Caatinga sensu stricto areas,
the altitude is about 121 m, and the average annual rainfall is 1139.2 mm. The rainy season is
concentrated from January to April, and the climate is Tropical Hot Semi-arid and Tropical

Hot Semi-arid Mild (Ipece — Frecheirinha 2017).

Sample design, native vegetation regeneration and agricultural land use

Initially, we built maps for each protected area and respective surrounding areas. In each area
we delimited four transects (minimum distance of 3 km from each other), except in UNP,
where we delimited three transects in Relictual Humid Forest and three transects in Caatinga
sensu stricto. For each transect, we delimited three circles, starting from the inside to the
outside of the protected area, with a radius of 1 km each, to select the points of land use cover
within each radius. The circles serve to delimit the presence of points in each transect
(transects are marked with a rectangle in Figs. 1b, 1c, and 1d). Within the demarcated
sampling radius, we used the statistical method of random stratification to select sampling
points representing different stages of native vegetation regeneration (preserved vegetation,
closed secondary vegetation, open secondary vegetation) and agricultural areas. For this
purpose, a 500 m x 500 m grid on each circle, in which all patches of the same level of land
use class were enumerated, taking into account the vegetation’s density and color, considering

areas with higher plant density in a more advanced stage of regeneration and with lower
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density in earlier stages. The mapping was done through a supervised classification and then
refined with the OpenLayers Plugin tool in QGis with Google satellite images. Supervised
classification uses algorithms to classify the pixels of an image in order to represent the types
of land use. After this process, the classes were confirmed with field visits and with the use of
an unmanned aerial vehicle (UAV). We used the “random” function in Excel to randomly
select the points for each land use class. We repeated this procedure for all land classes and
recorded geographic coordinates of the selected points in GPS for field location.

We established seven sampling points in each transect: one in preserved vegetation
inside the protected area and two in in the other categories (closed secondary vegetation, open
secondary vegetation and agricultural areas, Figs. 1b, 1c, and 1d). The points were ordered
taking into account the regeneration stage of the native vegetation, ordered from the latest to
the earliest: preserved vegetation, secondary closed vegetation, secondary open vegetation,
and agricultural areas (Appendix S1). Each point had a minimum distance of 500 m from the
other points in the same transect (Figs. 1b, 1c, and 1d). We sampled 28 points in the areas
with four transects and 21 points in the areas with three transects, totaling 98 points. We used
QGIS v 2.18.19 (QGIS Development Team 2019) for map production, land-use and native
vegetation regeneration classification, and point demarcation.

In traditional subsistence agriculture in northeastern Brazil (slash-and-bum), soil
preparation involves falling the vegetation, removing the fallen logs, burning the remaining
vegetation (fallen branches, trunks, herbs), and then planting crops (Oliveira et al. 2020).
Irrigation is used in some regions to keep crops growing throughout the year, such as in the
Planalto da Ibiapaba, Ceara (Girdo et al. 2001), where the areas of Relictual Humid Forest
assessed in this area are located. The agricultural areas in Caatinga sensu stricto and Cerrado
sensu stricto were abandoned in the dry period, but they were irrigated in the Relictual Humid
Forest. Therefore, we visited abandoned agricultural areas in the Caatinga sensu stricto and
Cerrado sensu stricto but cultived areas in the Relictual Humid Forest during the dry season.
All agricultural areas were cultivated in the rainy season (Appendix S1). The crops in the
Caatinga sensu stricto and the Cerrado sensu stricto were predominantly maize, maize with
beans, maize with cassava, in the Relictual Humid Forest, maize with beans in addition to

cultivars (avocado, passion fruit, banana, tomato).

Sampling of lizards

We sampled the species during the daytime (between 8 and 17 h). Nocturnal animals
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were sighted in rest areas (e.g., under tree barks). At each point we moved away from the
vegetation edges for at least 50 m, entering the forest, except in agricultural areas, which were
sometimes small fragments; thus, we also sampled the vegetation edges in the latter. We
sampled lizards for 60 min at each point of closed secondary vegetation, open secondary
vegetation and agricultural areas, and 120 min in areas with preserved vegetation, as these had
a lower number of points (Figs. 1b, Ic, and 1d). This adjustment was necessary to standardize
the sampling effort among all levels of disturbance. We used visual encounter surveys (VES)
as the sampling method (Scott et al. 1994). We explored most microhabitats used by lizards,
such as rocks, tree trunks, fallen logs, on the ground, under tree bark, and in leaf litter (e.g.,
Werneck et al. 2009). To help explore the litter, we used rakes.

We performed three expeditions in each protected area and surroundings between 2018
and 2020, two in the rainy season and one in the dry season, to cover different conditions
encountered throughout the year. We sampled the AES (Caatinga sensu stricto) in April 2018,
and March and September 2019; the UNP (Caatinga sensu stricto) in April and September
2019, and February 2020; the UNP (Relictual Humid Forest) in April and September 2019,
and February 2020; and the SCNP (Cerrado sensu stricto) in May and November 2019, and
February 2020. A previous study found little divergence in the richness and abundance of
Caatinga lizards between the dry and rainy seasons (Passos ef al. 2016). The total sampling
effort, taking into account the hours in the field and the number of collectors, was 290 h and
20 min at AES and surrounding areas (Caatinga sensu stricto); 331 h and 10 min at SCNP
(Cerrado sensu stricto) and surrounding areas; 238 h and 26 min at UNP (Caatinga sensu
stricto) and surrounding areas; and 250 h and 43 min at UNP (Relictual Humid Forest)
divided between the four land-use classes, totaling 859 h and 56 min.

Taxonomic and functional diversity

To identify the lizard species, we carried out specific diagnoses, considering the
geographic distribution of the species and using specific literature for identifications (e.g.,
Vanzolini et al. 1980; Rodrigues et al. 2005; Passos et al. 2011; Recorder et al. 2014; Ribeiro-
Janior 2015; Ribeiro-Junior & Amaral 2016; Roberto & Loebmann 2016; Castro et al. 2019;
Arias et al. 2018; Costa et al. 2018). To estimate functional diversity (Petchey 2003; Riemann
et al. 2017), we considered traits related to niche (spatial, temporal and trophic)
complementarity in resource partition, as well as characteristics that influence growth and

reproduction (Rosenfeld 2002). We recorded the following traits: foraging type (active
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forager, sit-and-wait, and intermediate forager), diet (insects/arthropods, herbivorous,
omnivorous), habit (terrestrial, arboreal, arboreal-terrestrial, fossorial/semi-fossorial,
saxicolous, generalist), activity period (diurnal, nocturnal), average SVL (males), and the
average number of eggs per litter (Appendix S2). These traits were used in previous studies
with lizards (e.g., Vidan et al. 2019) and proved adequate for identifying functional diversity
variations with changes in land use (Berriozabal-Islas ef al. 2017). We obtained the
information for each species by consulting the literature (Appendix S2). When unavailable,
we used data collected in the field. Some animals were collected to measure functional traits
(collecting permissit n® 68031-1 and 72762, Instituto Chico Mendes de Conservagao da
Biodiversidade — ICMBi0). After capture we recorded the snout-vent length (SVL) with a
caliper (precision 0.1 mm). The collected specimens were euthanized with a lethal injection of
2% lidocaine chloridate, fixed in 3.7% formaldehyde, and preserved in 70% alcohol. We
deposited the specimens at the Regional Center of Ophiology at the Federal University of
Ceara (NUROF).

Statistical analyses

We pooled the data of each class in each transect (i.e., for agricultural areas, we pooled
two points of this class in each transect; we did the same for open secondary vegetation and
closed secondary vegetation, except for preserved areas, which had only one point per
transect) totaling 16 sampling units in areas with four transects (AES and SCNP) and 12
sampling units in areas with three transects (UNP). This aggregation was necessary to
equalize the sampling effort between land-use classes, due to the differences in the number of
points in each preserved area (Figs. 1b, 1c, and 1d). Furthermore, we built sample-based
rarefaction curves using the same sampling units described above to evaluate the sampling
efficiency. We estimated the expected richness using richness estimators (Chao 2 and
Jackknife 1) to assess the sample sufficiency in each disturbance level. In this case, we used
each field visit as a sampling unit at each point.

To test our prediction, we built mixed models using the stage of native vegetation
regeneration and agricultural land use an explanatory variable), and the diversity metrics
(richness, evenness, abundance, FRic, FEve, and FDiv) as response variables. We assumed
Gaussian errors for the continuous metrics (evenness, FRic, FEve, and FDiv) and quasi-
Poisson errors for the count metrics (richness and abundance). The latter is derived from the

Poisson distribution, which is commonly used when the data show overdispersion, to more
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adequately adjust the statistical model (Gabriella ez al. 2019). We used linear mixed models
(LMM - “nlme” package, Pinheiro & Bates 2022) for continuous variables (evenness, FRic,
FEve, and FDiv) and negative binomial mixed models (NBMM - “MASS” package, Venables
& Ripley 2002) for the count variables (richness and abundance), with the transects as a
random effect. We used preserved areas as a reference category against the other categories
(closed secondary vegetation, open secondary vegetation, and agricultural areas). We
performed an analysis for each vegetation type and each response variable.

To assess whether the response variables are correlated or not, and thus whether they
can be assessed individually, we calculated Pearson correlations coefficients for data with
normal distribution and Spearman correlations coefficients for non-normally distributed data.
Conventionally, correlations of 0.1 to 0.3 are considered weak, 0.4 to 0.6 moderate, and 0.7 to
1.0 strong (Dancey & Reidy 2006). We calculated FRic, FEve and FDiv (“FD” package -
Laliberté ef al. 2014) in R v.4.1.0 (R Core Team, 2021). We calculated richness estimates in
EstimateS 9.1.1 (Colwell 2013), and calculated evenness in Past 3.04 (Hammer 2001). All R

scripts used in the analyses are in the supplementary material (Appendix S3).

RESULTS

In total, we recorded 23 lizard species distributed in eleven families: Gekkonidae (4 spp.),
Phyllodactylidae (2 spp.), Sphaerodactylidae (1 spp.), Mabuyidae (3 spp.), Dactyloidae (1 spp.),
Iguanidae (1 spp.), Leiosauridae (1 spp.), Polychrotidae (1 spp.), Tropiduridae (3 spp.),
Gymnophthalmidae (3 spp.) and Teiidae (3 spp.) (Appendix S4). The rarefaction curves tended
to stabilize, indicating that the sampling was adequate to cover a considerable number of species
(Appendix S5).

In Caatinga sensu stricto, we registered 17 lizard species (14 in AES and 13 in UNP).
Among these, Tropidurus jaguaribanus Passos, Lima & Borges-Nojosa, 2011 and Vanzosaura
multiscutata (Amaral, 1933) are endemic to the Caatinga (Mesquita et al. 2017). Tropidurus
hispidus (Spix, 1825) was the most abundant species in preserved areas (relative abundance -
44.7%), whereas in agricultural areas Ameivula pyrrhogularis (Silva & Avila-Pires, 2013) was
the most abundant (relative abundance - 45.54%). FRic increased only in closed secondary
vegetation. The other classes not increase or decrease significantly in relation to the preserved
areas (Fig. 2b, Table 1). Diminished evenness was recorded mainly in open secondary
vegetation and agricultural areas (Fig. 2c, Table 1). We also recorded changes in functional

evenness (preserved areas had higher values than closed secondary vegetation, open secondary



27

vegetation, and agricultural areas, which presented more similar values to each other, Fig. 2d,
Table 1), and increased abundance (preserved areas had lower values than the others, which
presented more similar values to each other, Fig. 2e, Table 1). The other indices did not vary
with changes in stage of vegetation regeneration and agricultural land use (Figs. 2a and 2f).

In Cerrado sensu stricto we registered 14 species, with no endemisms. Ameivula
pyrrhogularis was the most abundant species in preserved and agricultural areas (relative
abundance - 37.12% and 45.14%, respectively). Evenness tended to reduce in open secondary
vegetation and agricultural areas (preserved areas presenting higher values than open secondary
vegetation and agricultural areas, Fig. 3¢, Table 1), and abundance tended to increase (preserved
areas having lower values than closed secondary vegetation, open secondary vegetation, and
agricultural areas, which presented more similar values to each other, Fig. 3e, Table 1). The
other indices did not vary significantly with changes in stage of vegetation regeneration and
agricultural land use (Figs. 3a, 3b, 3d and 3f).

In Relictual Humid Forest we recorded 12 species. We recorded typical species from the
Relictual Humid Forest of northeastern Brazil, such as Enyalius bibronii Boulenger, 1885, and
forest species as Norops fuscoauratus (D’Orbigny, 1837 in Duméril & Bibron, 1837). The most
abundant species in preserved areas was Coleodactylus meridionalis (Boulenger, 1888)
(relative abundance - 41.17%). In agricultural areas, it was A. pyrrhogularis (relative abundance
- 41.35%) (Appendix S4). We recorded a reduction in evenness (agricultural areas presenting
lower values than preserved areas, Fig. 4c, Table 1) and an increase in richness in agricultural
areas and abundance in earlier stages of regeneration of native vegetation (open secondary
vegetation) (Figs. 4a and. 4e, Table 1). The other indices did not vary significantly with changes
in stage of vegetation regeneration and agricultural areas (Figs. 4b, 4d, and 4f). The increase in
richness was accompanied by a change in species composition. The most anthropized areas
were inhabited by generalist species typical of open environments, such as 7. hispidus, A.
pyrrhogularis and Ameiva ameiva, while preserved areas harbored forest species such as E.
bibronii and C. meridionalis (Appendix S4). In areas of closed secondary vegetation, we found
the presence of both forest species and species present in open areas, the latter, however,
associated with trails and clearings.

The richness recorded at each category of vegetation regeneration and agricultural land
use was generally close to the estimated richness (Appendix S4). Correlations between response
variables were generally weak (correlation coefficient between 0.1 and 0.3). In only one case

was it moderate (correlation coefficient between 0.4 and 0.6 — between evenness and
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abundance) and in no case was it strong (correlation coefficient between 0.7 and 1) (Appendix

S6).

DISCUSSION
Effects of anthropogenic disturbance on taxonomic diversity

In general, species richness did not change between preserved areas and other stages of
native vegetation regeneration or agricultural land use (Caatinga sensu stricto and Cerrado
sensu stricto). In Relictual Humid Forest, contrary to expectations, showed greater richness in
agricultural areas, compared to preserved areas (Fig. 4a, Table 1). Although our estimators
suggest a richness very close to those found in this study for preserved areas (we found four
species, Chao 2 estimated 4 = 0.22 and Jackknife 1, 4.88 + (.88 species), some species
identified in previous studies in this same protected area (e.g., Stenolepis ridleyi,
Colobosauroides cearensis and Colobosaura modesta, Castro et al. 2019), were not recorded,
possibly because they are scarce (Loebmann & Haddad 2010). Even with the inclusion of
some species in preserved areas, however, the estimate for the agricultural areas proposes a
value slightly higher than what we recorded (we found nine species, Chao 2 estimated
10.4£2.43 and Jackknife 11.8+1.51 species), suggesting that the increase in the number of
species in agricultural areas would be preserved, even with a greater sampling effort or if
more species were recorded in preserved areas. The increase in richness between preserved
and agricultural areas reflects the loss of forest species and colonization by generalist,
tolerant, and widely distributed species (for example, Ameiva ameiva (Linnaeus, 1758), Vitt &
Colli 1994; Benicio et al. 2019) (Appendix S4). Species found in pristine areas of Relictual
Humid Forest, which have lower temperatures and radiation levels, such as N. fuscoauratus,
Copeoglossum nigropunctatum (Spix, 1825) and C. meridionalis were absent in more
disturbed areas (Vitt et al 2003). In more disturbed areas, species associated with forest
environments how C. nigropunctatum (Spix, 1825) (in Amazonian populations C.
nigropunctatum 1is associated with open areas, but outside of this the species is typically
forested (Ribeiro-Junior & Amaral 2016)) and C. meridionalis were absent. In this case,
species richness is not adequate to define the preservation of natural areas (Ouchi-Melo et al.
2018).

Species richness was invariant in other vegetation types. Caatinga sensu stricto and
Cerrado senu stricto have more frequent natural impacts compared to Relictual Humid Forest

due to irregular’ rainfall in the Caatinga (Prado 2003) and fire regimes in Cerrado. Thus,
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species in these regions may be more tolerant to vegetation changes, conserving species
richness even with increasing disturbance. Despite the unchanged richness, in Caatinga sensu
stricto not all species found in other stages of regeneration were present in agricultural areas,
such as Lygodactylus klugei (Smith, Martin & Swain, 1977) and Hemidactylus brasilianus
(Amaral, 1935), both arboreal species (Andrade et al. 2013; Menezes et al. 2013). Thus, some
species may be more sensitive to intense environmental changes due, for example, to
restrictions on microhabitat use. Reptile richness response may or may not decrease with land
use changes, and this is still controversial (Cordier et al. 2020). Thus, species richness alone
should be interpreted with caution when used as a metric to assess the effects of
environmental impacts, as it does not consider many organisms’ characteristics (e.g.,
functional traits) that describe their relationship with the environment (Ouchi-Melo ef al.
2018). In Brazil, the Caatinga sensu stricto and Cerrado sensu stricto comprise extensive and
heterogenous environments (Silva et al. 2006; Fernandes & Queiroz 2018); thus, more areas
should be investigated to assess the generality of our results.

Contrary to expectations, we recorded an increase in lizard general abundance at the
earliest levels of vegetation regeneration and agricultura areas across all vegetation types
(although this increase was not gradual) (Figs. 2e, 3e, and 4e, Table 1). The increase in
reproductive success of some species tolerant to disturbance (e.g., 4. pyrrhogularis) may
reflect the increase in general species abundance (e.g., Flores et al. 2017). Disturbed areas
tend to present species that are generalist or more tolerant to new environmental conditions
(Sutton et al. 2014) and a reduced abundance of specialist or rare species (e.g., lizards -
Nogueira et al. 2009; bees - Flores et al. 2017). Thus, despite a general increase in abundance,
some species showed a reduction in the number of encounters (Appendix S4). Coleodactylus
meridionalis, for example, was not sampled in agricultural areas. This species uses litter as the
main microhabitat to develop its vital activities (Rodrigues 2003). The resource loss
associated with changes in conditions should influence this species’ survival (Sinervo et al.
2010; Sutton et al. 2014). The increase in general abundance of lizards in more anthropized
areas has also been identified in other lizard studies (e.g., Berriozabal-Islas et al. 2017).

Corroborating our prediction, evenness was reduced at the earliest stages of vegetation
regeneration and agricultural areas in all vegetation types (Figs. 2¢c, 3¢, and 4c, Table 1).
While areas with a in which the vegetation is more conserved (preserved and closed
secondary vegetation) presented great evenness, there was an increase in proportion of species

well-adapted to anthropization in more degraded areas. Ameivula pyrrhogularis, for example,
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varied its occurrence from 14.4% in areas with no anthropic disturbance to 44% in highly
agricultural areas (Appendix S4). Some congeners, such as Ameivula ocellifera (Spix, 1825)
are generalist heliophile and can forage in open areas even in the hottest hours of the day
(Mesquita & Colli 2003). The pattern of lower evenness with higher disturbance was recorded
for other animals in other environments, such as ants (Graham et al. 2009), birds (Tu ef al.
2020) and fishes (Villéger et al. 2010). Evenness can vary early in face of disturbances
compared to species richness because changes in the distribution of abundance happen before
local extinctions (Hillebre et al. 2008). Ecosystem functioning in communities where few
species dominate (low evenness) may present lowered resistant to environmental fluctuations

(Wittebolle ef al. 2009).

Effects of anthropogenic disturbance on functional diversity

Corroborating our prediction, FEve is reduced even at a low level of disturbance in
Caatinga sensu stricto (Fig. 2d, Table 1). Reduction in FEve reflects that species are more
irregularly distributed in terms of abundance in relation to their functional characteristics
(Villéger et al. 2008). This pattern can be a possible consequence of simplifying
environmental heterogeneity (Sitters ef al. 2016). The reduction in FEve is also associated to
the reduction of stability and an increase in the invasion opportunity (Mason et al. 2005; Ding
et al. 2013). We recorded the invasion of an exotic species, Hemidactylus mabouia (Moreau
de Jonnes, 1818), only in agricultural areas. This species benefits from anthropization, and is
predominantly associated with perianthropic habitats in Brazil (Rodrigues 2003). However,
even though there were no reduction of FEve at agricultural areas in Cerrado sensu stricto and
Relictual Humid Forest, there was also an invasion by H. mabouia in agricultural areas. The
reduction in FEve with increasing disturbance is an expected pattern (Mouillot et al. 2013),
but not general (e.g., Pakeman 2011; Berriozabal-Islas et al. 2017).

Functional richness showed an increase between preserved areas and closed secondary
vegetation in Caatinga sensu stricto (Fig. 2b, Table 1). For changes in FRic to occur, species
extinction or colonization of species with functionally distinct traits is necessary (Mouillot et
al. 2013). The increase in richness at closed secondary vegetation levels, even if not
significant, may involve the appearance of species with distinct functional characteristics into
the functional space (Appendix S4). In Relictual Humid Forest, the significant increase in
species richness with disturbance did not corespond with a consecutive increase in FRic.

Functional homogenization is expected with the increase of disturbance intensity (Devictor et
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al. 2008), so species present in high disturbance areas may present more redundant features,
not allowing an increase in FRic.

We did not record any variation for FDiv in any studied areas (Figs. 2f, 3f, and 4f, Table
1). FDiv reflects how abundance is associated with more extreme functional traits (Villéger et
al. 2008). This metric is associated with resource competition and niche differentiation
(Mason 2005), so more diverse and less redundant environments must have higher FDiv
values. When analyzing these results we must remember, however, that functional diversity
may vary across taxa (Flynn et al. 2009; Arnold ef al. 2021), physiognomies (Biswas &
Mallik 2010), functional traits, and selected indexes (Petchey & Gaston 2006).

CONCLUSION

This study found that lizard diversity can be mediated by changes in stage of native
vegetation regeneration and agricultural land use in different types of vegetation in the
Caatinga domain. In Relictual Humid Forest, richness changed with increased disturbance,
causing the loss of endemic and sensitive species and an increase of heliophilous and widely
distributed species. In this case greater species richness in agricultural areas was not
indicative of well-preserved areas. Although species richness in drier areas (Caatinga sensu
stricto and Cerrado sensu stricto) have not varied, anthropogenic changes can act as an
environmental filter and select species more adapted to the new environment (Smart ef al.
20006). This is evidenced by the presence of A. pyrrhogularis, a heliophile species that
survives well in environments with high radiation, and the occurrence of the invasive species
H. mabouia. The reduction in evenness indicate that fewer species can dominate more
disturbed area and in FEve that there is a higher frequency of certain functional
characteristics. Different environments presented a similar response to environmental changes
for the abundance (increase) and evenness (reduction). The low or moderate correlation
between the response variables, the relevance of metrics covering abundance, and the
importance of investigating TD and FD together, demonstrate the importance of using joint
metrics to infer the effect of environmental disturbances. Finally, it should be noted that the
agricultural areas investigated here are small-scale production areas, so it is vital to assess the
effect of land use to agriculture in large-scale agricultural areas, as the response of the
diversity of lizards can vary depending on the size of the degraded area (Biaggini & Corti
2015; Biaggini & Corti 2021). In this work, we demonstrate the effect of anthropogenic land-

use pressures on lizard assemblages and the importance of the joint analysis of multiple
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diversity metrics to assess the effects of anthropogenic pressures on land use.
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Table 1 Linear mixed model (LMM) and Binomial negative mixed model (BNMM) results of changes in stage of native vegetation regeneration

agricultural land use in each vegetation type

Caatinga sensu stricto Cerrado sensu stricto Relictual Humid Forest
Diversity metrics/Level of land use  Estim t/z-value P-value Estimate t/z value P-value Estimate t/zvalue P-value

Functional evenness (FEve)

Preserved vs. Closed Secondary veg.  -0.18 -2.13 0.04 0.02 0.12 0.9 -0.15 -0.79 0.46
Preserved vs. Open Secondary veg. -0.23 -2.65 0.01 0.03 0.21 0.84 -0.24 -1.24 0.26
Preserved vs. Agriculture -0.27 -3.24 0.004 0.02 0.19 0.86 -0.32 -1.7 0.14
Functional divergence (FDiv)

Preserved vs. Closed Secondary veg. 0.08 1.007 0.33 -0.01 -0.12 0.9 0.02 0.27 0.79
Preserved vs. Open Secondary veg. 0.08 1.003 0.33 -0.02 -0.15 0.88 -0.007 -0.08 0.94
Preserved vs. Agriculture 0.09 1.14 0.27 0.06 0.6 0.57 -0.02 -0.31 0.77
Functional richness (FRic)

Preserved vs. Closed Secondary veg. 0.36 2.36 0.03 -0.009 -0.18 0.84 0.25 1.54 0.17
Preserved vs. Open Secondary veg. 0.22 1.35 0.19 0.017 0.33 0.75 0.15 0.96 0.38
Preserved vs. Agriculture 0.18 1.19 0.25 -0.037 -0.69 0.51 0.22 1.34 0.23
Richness

Preserved vs. Closed Secondary veg. 0.15 0.69 0.49 1.226e- 0.82 0.42 0.44 1.49 0.24
Preserved vs. Open Secondary veg. 0.21 0.91 0.36 -7.271e- 0 1.0 0.36 1.42 0.34
Preserved vs. Agriculture -0.18 -0.74 0.47 0.55 0.55 0.57 0.69 1.26 0.04
Evenness

Preserved vs. Closed Secondary veg.  -0.09 -1.98 0.06 -0.02 -0.44 0.67 0.03 0.54 0.61
Preserved vs. Open Secondary veg. -0.09 -1.79 0.09 -0.16 -2.52 0.03 -0.02 -0.36 0.73
Preserved vs. Agriculture -0.1 -2.21 0.04 -0.15 -2.39 0.04 -0.15 -2.71 0.03

Abundance



Preserved vs. Closed Secondary veg.

Preserved vs. Open Secondary veg.
Preserved vs. Agriculture

0.19

0.6
0.46

1.001

3.03
2.44

0.31

0.003
0.02

0.60

0.61
0.69

3.04

3.06
3.49

0.002

0.002
<0.001

0.3

0.85
2.08

1.04

3.23
9.03

0.3

0.001
<0.001
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Figure legends

Fig. 1 Location of protected areas in Brazil (a) and distribution of sampling points across
protected areas and their surroundings in Aiuaba Ecological Station (b), Sete Cidades
National Park (c), and Ubajara National Park (d). Blue diamond — preserved vegetation;
Green circle — closed secondary vegetation; Orange triangle — open secondary vegetation;
Pink square — agricultural areas. T — transect. In UNP transects 1, 2 and 3 are areas of

Relictual Humid Forest, and transects 4, 5 and 6 are areas of Caatinga sensu stricto.

Fig. 2 Taxonomic diversity (richness, evenness, and abundance) and functional diversity
(FRic, FEve, and FDiv) metrics in Caatinga sensu stricto. Fric functional richness, FEve
Functional evenness, FDiv functional divergence, P Preserved vegetation, C closed secondary

vegetation, O open secondary vegetation, A agricultural area.

Fig. 3 Taxonomic (richness, evenness, and abundance) and functional diversity (FRic, FEve,
and FDiv) metrics in Cerrado sensu stricto. Fric functional richness, FEve Functional
evenness, FDiv functional divergence, P Preserved vegetation, C closed secondary vegetation,

O open secondary vegetation, A agricultural area.

Fig. 4 Taxonomic (richness, evenness, and abundance) and functional diversity (FRic, FEve,
and FDiv) metrics in Relictual Humid Forest. Fric functional richness, FEve Functional
evenness, FDiv functional divergence, P Preserved vegetation, C closed secondary vegetation,

O open secondary vegetation, A agricultural area.
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Electronic Supplemental Material (ESM)

The influence of native vegetation regeneration and land use to agriculture on lizard
taxonomic and functional diversity between different vegetation types in Caatinga domain,
Brazil
Ana Carolina Brasileiro*, Ronildo Alves Benicio, José Guilherme Gongalves-Sousa, Robson
Waldemar Avila

* Corresponding author. E-mail address: carolbrmelo@hotmail.com.

Appendix S1. Classes of native vegetation regeneration and use for agriculture by study area
during the rainy season at Aiuaba Ecological Station, Caatinga sensu stricto (A - Preserved
vegetation, B - Closed secondary vegetation, C - Open secondary vegetation, D - Agricultural
area); Ubajara National Park, Caatinga sensu stricto (E - Preserved vegetation, F - Secondary
closed vegetation, G - Secondary open vegetation, H - Agricultural area); Ubajara National
Park, Relictual Humid Forest (I - Preserved vegetation, J - Closed secondary vegetation, K -
Open secondary vegetation, L - Agricultural area); Sete Cidades National Park, Cerrado sensu
stricto (M - Preserved vegetation, N - Secondary closed vegetation, O - Secondary open

vegetation, P - Agricultural area).
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Appendix S2. Matrix of traits registered for species found in the in Aiuaba Ecological Station, Ubajara National Park and

Sete Cidades National Park.

Taxon FOR DIE HAB AP SVL LS Source
Hemidactylus agrius Sw Ins gen noc 48.6 2 1, 2,8, 25, 30, this research (SVL)
Hemidactylus brasilianus Sw Ins  arb-ter noc 48.4 2 16, 18, 20, 30, this research (SVL)
Hemidactylus mabouia Sw Ins Gen noc 59.2 2 3,7,24,39,40
Lygodactylus klugei Sw Ins Arb diu 28 2 14, 30, 39, 40
Gymnodactylus geckoides Sw Ins Ter diu 41.3 1.72 2,6,23,30,40
Phyllopezus pollicaris Sw Ins Sax noc 75.2 2 2,3,23,30,39,40
Coleodactylus meridionalis Ac ins Fos diu 21.6 1 23, 24, 35, this research (SVL)
Brasiliscincus heathi Ac ins Ter diu 63.8 4 2,10, 23,40
Copeoglossum arajara Int ins Ter diu 83.6 4.8 28, 29
Copeoglossum 10, 23, 24, 28, 43, 44, this
nigropunctatum Ac ins Ter diu 95 4.26 research (SVL)

Norops fuscoauratus Ac ins Arb diu 449 1 19, 24, 41, this research (SVL)
Iguana iguana Sw her Arb diu 252 21 2,9,19, 22,30, 40
Enyalius bibronii Sw ins arb-ter diu 98.6 9 13,17, 19, 30, this research (SVL)
Polychrus acutirostris Sw ins Arb diu 102.9 15.7 2,23,30,40,42
Tropidurus hispidus Sw ins Gen diu 96.9 5.82 2,4, 23,26, 30,40
Tropidurus jaguaribanus Sw ins Sax diu 87.55 1.43 5

Tropidurus semitaeniatus Sw ins Sax diu 82.5 2 2,26, 30,40,42



Colobosaura modesta Ac ins Fos diu 43.7 2 15, 19, 24, 33, 36
Micrablepharus maximiliani  Ac ins Fos diu 37.09 2.2 11,13, 24, 30, 33
Vanzosaura multiscutata Ac ins Fos diu 30.7 2 19, 24, 27, 33
Ameiva ameiva Ac ins Ter diu 141.4 5.3 2,31,32,40
Ameivula pyrrhogularis Ac ins Ter diu 75.3 211 23, 34, 37,40
Salvator merianae Ac  omn Ter diu 327.2 28.6 2,12,21,40

FOR foraging mode, DIE diet, HAB habit, AP activity period, SVL average male snout-vent length, LS average litter size, ac active forager, sw
sit-and-wait, int intermediate forager, ins insects/arthropods, her herbivore, omn omnivorous, ter terrestrial, arb arboreal, arb-ter arboreal-

terrestrial, fos fossorial/semi-fossorial, sax saxicolous, gen generalist, diu diurnal, noc nocturnal.
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Appendix S3. Codes performed in R and used in the analyzes.

##Models - Caatinga sensu stricto, Relictual Humid Forest and Cerrado sensu stricto##
# Loading packages#

library (MASS)

library (nlme)

# Loading data#

geral <- read.csv ("'socaatinganovo_portrans.csv"”, sep=";", dec=".", h=T)
gerall <- read.table (somsvnovo_portrans.csv”, sep=";", dec=".", h=T)
geral2 <- read.table (socerradonovo_portrans.csv", sep=";", dec=".", h=T)
attach (geral)

attach (gerall)

attach (geral2)

#ldentify the explanatory variable (land use intensification) as a factor#
factor_np_vector <- as.factor (np_cat)

#Effects of land use intensification in evenness - LMM#

m1 = Ime (fixed = equita ~ factor_np_vector, random = ~ 1|transecto)
summary (ml)

plot (m1)

#Effects of land use intensification in FEve - LMM#

m2 = Ime (fixed = feve ~ factor_np_vector, random = ~ 1jtransecto)
summary (mz2)

plot (m2)

#Effects of land use intensification in FRic - LMM#

m3 = Ime (fixed = fric ~ factor_np_vector, random = ~ 1|transecto)
summary (m3)

plot (m3)

#Effects of land use intensification in FDiv - LMM#

m4 = Ime (fixed = fdiv ~ factor_np_vector, random = ~ 1|transecto)
summary (m4)

plot (m4)

#Effects of land use intensification in richness - NBMM#

m5<-glmer.nb (riqueza~factor_np_vector+(1|transecto), family=quasipoisson)



summary (m5)

plot (m5)

#Effects of land use intensification in abundance - NBMM#

m6<-glmer.nb (abund~factor_np_vector+(1|transecto),family=quasipoisson)
summary (m6)

plot (m6)

###Rarefaction curve###

#Loading package#

library (BiodiversityR)

#Loading data#

read.table ("carol-curva.txt",h=T)->curva

#Rarefaction curve#

Accum.21 <- accumresult (curva, method="rarefaction’)
accumplot (Accum.1, ci.type="poly",

col="black", lwd=2, ci.lty=0, ci.col="lightblue",

xlab="Samples", ylab="Species richness")
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Appendix S4. Richness and abundance distribution of the sampled species at each class of native vegetation regeneration and land use to

agriculture by study area. P = Preserved vegetation, C = closed secondary vegetation, O = open secondary vegetation, A = agricultural areas.

Vegetation type

Taxon / Land use Caatinga sensu stricto Caatinga sensu stricto Cerrado sensu stricto Relictual Humid Forest
categories (AES) (UNP)

P C O A P C O A P C O A P C O A
Gekkonidae
Hemidactylus agrius 1 1 2 0 6 8 5 4 9 25 4 13 - - - -
Hemidactylus brasilianus 8 3 11 0 - - - - - - - - - - - -
Hemidactylus mabouia 0 0 0 1 0 0 1 0 0 0 1 0 0 0 5
Lygodactylus klugei 6 6 5 0 0 1 0 0 - - - - - - - -
Phyllodactylidae
Gymnodactylus geckoides 9 16 5 1 - - - - - - - - - - - -
Phyllopezus pollicaris 6 6 6 4 0 0 0 1 1 0 1 - - - -

Sphaerodactylidae

Coleodactylus meridionalis

Mabuyidae

Brasiliscincus heathi

Copeoglossum arajara

Copeoglossum

nigropunctatum

Dactyloidae

Norops fuscoauratus

Iguanidae
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Iguana iguana 0 0 1 0 0 1 0 4 1 0 0 1 - - - -
Leiosauridae
Enyalius bibronii - - - - - - - - - - - - 4 3 0 0
Polychrotidae
Polychrus acutirostris - - - - - - - - 0 1 1 0 - - - -
Tropiduridae
Tropidurus hispidus 78 65 81 99 38 42 26 50 36 81 85 74 0 2 11 44
Tropidurus jaguaribanus 14 6 36 0 - - - - - - - - - - - -
Tropidurus semitaeniatus - - - - 35 86 66 22 4 67 37 44 - - - -
Gymnophthalmidae
Colobosaura modesta - - - - - - - - 0 0 4 0 - - - -
Micrablepharus maximiliani - - - - 0 3 0 1 18 16 1 4 0 0 1 2
Vanzosaura multiscutata 4 4 12 1 - - - - - - - - - - - -
Teiidae
Ameiva ameiva 1 4 3 0 1 0 0 2 2 9 4 4 0 3 1 7
Ameivula pyrrhogularis 14 34 82 88 1 1 14 84 49 38 | 108 | 121 0 0 9 55
Salvator merianae 0 2 1 1 0 2 2 1 0 0 1 0 0 2 2 1
Species richness by land use
categories
10 11 12 8 7 9 5 10 10 9 10 10 4 7 7 9
Chao 2 109 | 11 | 124|127 935|118 | 5 |104 | 14| 8 12171280 4 | 7 1731 104
+ + o e O O A S B S (R
225 | 011 | 1.24 | 575 | 2.36 | 3.97 | 0.39 | 2.44 | 65 | 0511326 | 4311 555 | 011 | 0.88 | 2.43
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Jackknife 1 118 | 11.95 | 139 | 127 | 107 | 127 | 5 | 118 | 20 |89 [ 1281128 1 ea | 704 | 888 | 118
+ + + +

+ + + + + + + + + + + +

181 | 095 | 131186 | 1.37 | 1.71 0 151 1521 95 | 158 )15 088 | 094 | 1.29 | 151
Species richness by
vegetation type 14 13 14 12
Abundance by land use
categories 141 | 147 | 245 | 195 | 90 | 145 | 114 | 170 | 132 | 245 | 248 | 268 | 17 23 40 | 133
Abundance by vegetation
type

728 518 893 213




Appendix S5. Rarefaction curve taking into account all sampling areas.
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Appendix S6. Correlation matrix among taxonomic and functional diversity metrics.

Metrics Rich Eve Abun  FRic FEve FDiv
Richness 1

Evenness -0.12 1

Abundance  0.38 -0.62 1

FRic 0.47 -0.07 0.03 1

FEve -0.28 0.33 -0.36 -0.21 1

FDiv -0.03 0.21 -0.18  -0.17 -0.27 1

Significant values in bold.

Rich richness, Eve Evenness, Abund abundance, FRic functional

richness, FEve functional evenness, FDiv functional divergence.
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3 CAPITULO II

Homogeneizacio biotica em taxocenoses de lagartos associada a mudancas no estagio de
regeneracio da vegetacio nativa e no uso do solo para a agricultura em areas do

dominio Caatinga, Brasil
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Resumo

A conversdo de vegetacdo nativa em areas antropicas, como o0 uso do solo para agricultura,
pode ocasionar severas ameacas a biodiversidade, como a perda de diversidade taxondmica e
funcional. Quando areas de agricultura sdo abandonadas, estas tendem a restaurar sua
diversidade ao longo do tempo, através da regeneracao da vegetacao nativa. Mudancgas em
padrdes de diversidade, entrentanto, por vezes s6 podem ser observados quando saimos de
uma escala menor e partimos para uma escala mais ampla espacialmente. Neste trabalho,
investigamos como mudancas no estagio de regeneragédo da vegetacdo nativa e como 0 uso do
solo para a agricultura em distintos tipos de vegetacdo do dominio Caatinga (Caatinga sensu
stricto, Cerrado sensu stricto e Floresta Umida Relictual) afetam a diversidade de lagartos em
diferentes escalas. Em escala local, investigamos os efeitos do uso do solo sobre a
dissimilaridade taxondmica e funcional na composicéo de espécies. Em escala regional,
testamos se tais efeitos conduzem a homogeneizacao bidtica. Em ambas as escalas, avaliamos
0 quanto esses efeitos afetam a riqueza de espécies. Em areas de agricultura houve reducéo na

riqueza de espécies na Caatinga e aumento na Floresta Umida Relictual, enquanto nio
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encontramos diferencgas no Cerrado. Em escala regional, ndo houve mudanga na riqueza de
espécies com as mudancas no estagio de regeneracdo da vegetacdo nativa ou uso agricola do
solo. A dissimilaridade taxondmica aumentou em &reas de agricultura na Caatinga e a
dissimilaridade taxonémica e funcional na Floresta Umida Relictual, mesmo em estagios mais
tardios de regeneracdo da vegetacdo (vegetacdo secundatia fechada), indicando mudancas
mais intensas nesse tipo de vegetacdo do que nos demais. A nivel regional identificamos
homogeneizacao taxondmica em areas de vegetacao secundaria aberta e areas de agricultura,
mas n&o identificamos homogeneizacio funcional. E possivel que estes aspectos sejam
atribuidos a existéncia de muitas espécies tolerantes em sobreviver em ambientes abertos na
Caatinga e no Cerrado, ou a redundéncia funcional. Apesar da auséncia de homogeneizagdo
funcional, aspectos como reducéo da equitabilidade e equitabilidade funcional com o uso do
solo em estagios mais precoces de regeneracdo da vegetacao nativa, identificados

anteriormente nessas taxocenoses, podem torna-las mais sensiveis a mudancas ambientais.

Palavras-chave: Beta diversidade. Distarbios antropogénicos. Dissimilaridade

composicional. Perda de biodiversidade. Squamata.

Introducéo

A conversdo de vegetacdo natural em areas antropicas ocasiona mudangas ambientais
severas, atraves de diferencas nas condi¢des (e.g. Sutton et al. 2014) e disponibilidade de
recursos (e.g. Neckel-Oliveira 2007; Spaan et al. 2020). A resposta a estas mudancas,
entretanto, pode diferir entre espécies. Enquanto algumas podem se beneficiar com alteragdes
ambientais, como espécies generalistas (e.g. ave exotica Passer domesticus MacGregor-Fors
etal. 2017; o lagarto invasor Hemidactylus mabouia Anjos e Rocha 2008 e o lagarto
Tropidurus hispidus Andrade 2019), outras podem declinar ou mesmo desaparecer (Bell e
Donelli 2006; Suazo-Ortufio et al. 2007), como espécies raras e especialistas, mais
vulneraveis a estas mudancas (Hartley e Kunin, 2003; Devictor et al. 2008; Hewitt et al.
2010). A partir dessas variagdes, alteragdes na riqueza e composicao de espécies podem ser
geradas (e.g. mamiferos — Conde e Rocha 2006; Wai et al. 2017; lagartos - Berriozabal-Islas
etal. 2017; aves — Liang et al. 2019; plantas — Hammond et al. 2020) e levar a
homogeneizacdo bidtica, que engloba diferentes facetas da diversidade, como taxondmica

(Liang et al. 2019), filogenética (Nowakowiski et al. 2018) e funcional (Le Provost et al.
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2020). A incorporacdo de diferentes facetas para avaliar o efeito de mudancas na diversidade
possibilita uma compreensdo mais geral de como as alterag6es ambientais afetam a
biodiversidade (Liang et al. 2019).

A homogeneizacdo biotica, em sua faceta taxondmica, ocorre quando grupos de
organismos vivendo em diferentes areas sdo cada vez mais semelhantes entre si (Pakeman
2011; Marcacci et al. 2021). Esta perda de diversidade pode levar também a perda de fungdes
ecossistémicas, gerando homogeneizagdo funcional (Hautier et al. 2018; Liang et al. 2019).
Isto ocorre quando tragcos dos organismos para suportar ambientes estressores sao
semelhantes, tendo como consequéncia uma convergéncia dessas caracteristicas na
taxocenose (Smart et al. 2006; Devictor et al. 2008). Entretanto, quando diferentes espécies
desempenham funcBes semelhantes (redundancia funcional) é possivel que determinadas
funcdes sejam mantidas, mesmo com a perda de algumas espécies (Laliberté et al. 2010),
gerando um declinio na faceta taxonémica, mas nédo na faceta funcional. Uma alta diversidade
funcional possibilita uma maior variedade de respostas a mudangas ambientais, e
consequentemente maior estabilidade ambiental (Tilman 2001). Entretanto, padroes de
diversidade podem variar dependendo da escala de estudo (Cavender-Bares et al. 2006;
Winter et al. 2009; Gongalves-Sousa et al. 2022). Avaliar padrdes de diversidade em
diferentes escalas contribui para uma compreensao mais ampla de respostas da biodiversidade

as mudancas ambientais (Tylianakis et al. 2006).

E esperado que areas geograficamente mais proximas sejam mais similares em
composicdo de espécies devido, por exemplo, maior similaridade em condigdes e recursos que
areas mais distantes (e.g. Menin et al. 2017; Araujo et al. 2020). Com o aumento da distancia
espacial é esperado que areas distintas sejam mais diferentes entre si devido, por exemplo, 0
aumento da heterogeneidade ambiental (Stein et al. 2014), assim escalas maiores tendem a
apresentar uma maior diversidade de espécies (Tamme et al. 2010). Entretanto, a introducéo
de espécies invasoras, dentre as quais algumas sdo cosmopolitas, e a perda de espécies nativas
podem tornar areas com composicao distinta cada vez mais semelhantes, levando a
homogeneizacao biotica (ver padrdes em Olden e Poff 2003). Padrdes de riqueza de espécie
também podem sofrer influéncia da escala espacial (Sreekar et al. 2018). Para a riqueza de
espécies, um aumento em escala local pode néo refletir em aumento em escala regional
(revisdo em Anton-Pardo 2019), devido, por exemplo, o processo de homogeneizacao bidtica
(Chase et al. 2019). Mesmo com um numero elevado de espécies em escala menores, estas

podem se repetir com frequéncia entre diferentes locais atraves da perda de espécies raras e
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ganho de espécies amplamente distribuidas, tornando areas diferentes cada vez mais similares
em composicdo (Finderup Nielsen et al. 2019). Mudancas na riqueza de espécies podem
ocorrer de forma independente de mudancas na dissimilaridade entre sitios (diversidade beta),
assim a homogeneizacéo bidtica pode ser identificada independente de alteragcfes na riqueza
(Gossner et al. 2016).

Uma regido de interesse para avaliar o processo de homogeneizacao biotica é o
semiarido brasileiro, visto que consideravel proporcao do seu ambiente natural ja foi alterado
por atividades antropogénicas (Silva e Barbosa 2017). Nesta regido, as taxas de
evapotranspiracdo frequentemente excedem as taxas de pluviosidade, causando déficit hidrico
na maior parte do ano (Andrade et al. 2017), induzindo respostas morfolégicas (e.g. glandulas
de secrecdo de lipidios e camada dérmica calcificada em espécies de anfibios, Navas et al.
2004), comportamentais (e.g. migracdes em aves, Araujo e Silva, 2017) e fisioldgicas na
fauna (e.g. estivacdo em anfibios, Jared et al. 2020). O tipo de vegetacdo predominante na
regido é a Caatinga sensu stricto, uma formacéo vegetal caducifdlia, composta por arvores e
arbustos muitas vezes espinhosos (Prado 2003). Apesar da predominancia da Caatinga sensu
stricto no Nordeste do Brasil, também sdo encontradas nesta regido areas de excec¢do, como
enclaves de Cerrado e Floresta Umida Relictual (Moro et al. 2015; Santos 2018), formados
através de diferentes processos ecoldgicos, evolutivos e biogeogréaficos (Santos et al. 2007;
Queiroz et al. 2017). Estes enclaves podem apresentar espécies da fauna distintas as de areas
de Caatinga sensu stricto adjacentes (e.g. Loebmann e Haddad 2010; Aradjo et al. 2020),
resultando em maior diversidade de espécies a nivel regional quando diferentes tipos de
vegetacdo sdo englobados (Roberto e Loebmann 2016; Garda et al. 2017; Mesquita et al.
2017). Em um trabalho com lagartos destas regides, as espécies de lagartos da Floresta Umida
Relictual parecem ser mais sensiveis a mudancgas ambientais que espécies das areas de
Cerrado e Caatinga investigadas (Brasileiro et al. 2022, em revisdo), possivelmente pela
presenca de espécies mais tolerantes vivendo na Caatinga e no Cerrado e a presenca de
espécies mais sensiveis a degradacdo ambiental vivendo em areas de Floresta Umida

(Nogueira et al. 2009; Passos et al. 2016; Vitt et al. 1998).

Neste trabalho, investigamos como mudangas no estagio de regeneracao da vegetagao
nativa e no uso do solo para agricultura em diferentes escalas espaciais (local e regional)
afetam a diversidade de lagartos em diferentes tipos de vegetagdo no dominio Caatinga
(Caatinga sensu stricto, Cerrado sensu stricto e Floresta Umida Relictual). Em escala local

(cada localidade, com um tipo especifico de vegetacao), avaliamos se ocorrem mudancgas na
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riqueza de espécies e na dissimilaridade taxondmica e funcional com mudangas no estagio de
regeneragdo da vegetacdo nativa e pelo uso do solo para agricultura. Em escala regional
(diferentes localidades e seus diferentes tipos de vegetagdo, analisadas conjuntamente),
avaliamos repostas na riqueza de espécies, e se ha homogeneizagao taxondmica e funcional
com a mudanca no estagio de regeneracao da vegetagdo nativa e com o uso do solo para
agricultura. Esperamos encontrar: i) Auséncia de mudangas na riqueza de espécies em escala
regional em estagios mais precoces de regeneragao da vegetacao nativa (vegetacao secundaria
aberta) e areas de agricultura; i1) Mudanca da dissimilaridade taxondmica e funcional local
mais intensa na Floresta Umida Relictual que na Caatinga e no Cerrado; iii) Homogeneizagio
taxonomica e funcional em estdgios mais precoces de regeneracdo da vegetagao nativa

(vegetagdo secundaria aberta) e areas de agricultura a nivel regional.

Materiais e métodos

Area de estudo

Realizamos expedicdes em areas de Caatinga (Estacdo Ecologica de Aiuaba e Parque
Nacional de Ubajara), Floresta Umida Relictual (Parque Nacional de Ubajara) e Cerrado
(Parque Nacional de Sete Cidades) em trés areas de protecdo ambiental e suas respectivas
zonas de entorno. A Estacdao Ecoldgica de Aiuaba (EEA) esté localizada no estado do Ceara
no municipio de Aiuaba, que apresenta pluviosidade média anual de 568,4 mm, clima tropical
quente-semiarido e Caatinga arbustiva-arborea como vegetacao predominante (Ipece - Aiuaba
2017). A Caatinga arbustiva-arborea trata-se de uma vegetacao predominantemente
caducifolia no periodo seco (Prado 2003) e ¢ também denominada de Caatinga sensu stricto
(Moro et al 2015).

O Parque Nacional de Sete Cidades (PNSC) esta localizado a noroeste no estado do
Piaui, numa area de ecotono entre Cerrado e Caatinga, apresenta pluviosidade média anual de
1337 mm e Cerrado aberto como vegetacao predominante (Santos 2018). O Cerrado aberto
trata-se de uma formagao de savana composta por arvores e arbustos espagados, associados a
uma vegetagao herbacea constituida predominantemente por gramineas, € ¢ também
denominado de Cerrado sensu stricto (Santos et al. 2020).

O Parque Nacional de Ubajara (PNU), localizado a noroeste no estado do Ceara,
apresenta diferentes tipos de vegetagio. Nas areas de Floresta Umida Relictual (parte em
Ubajara, 847,5 m de altitude), apresenta pluviosidade média anual de 1483,5 mm e clima

tropical quente sub-imido (Ipece — Ubajara 2017). As Florestas Umidas nordestinas sdo
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compostas por arvores perenes de extrato elevado, além de uma presenca mais frequente de
epifitas, samambaias e briofitas (Moro et al. 2015), e apresentam uma elevada similaridade
com a Floresta Atlantica (Castro et al. 2019), apesar de algumas areas também
compartilharem de espécies da Floresta Amazdnica (Santos et al. 2007). Nas areas de
Caatinga (aproximadamente 121 m altitude), a pluviosidade média anual ¢ de 1139,2 mm e o
clima ¢é Tropical Quente Semi-arido e Tropical Quente Semi-arido Brando (Ipece —
Frecheirinha 2017). As duas areas de Caatinga investigadas nesse estudo diferem uma da

outra, por exemplo, pela pluviosidade média (maior em PNU e seus arredores que em EEA).

Delineamento amostral

Nos delimitamos quatro transecgdes em cada area de preservagdo (com uma distancia
minima de 3 km uma da outra), com exce¢ao do PNU, onde delimitamos trés transe¢des na
area de Floresta Umida Relictual e trés transec¢des na area de Caatinga. Cada transecgio
partiu de dentro da area de preservacao em direcao as areas externas e contou com sete pontos
de amostragem, um de vegetagdo preservada dentro da 4rea de preservacao, e as demais (duas
de vegetagdo secundaria fechada, duas de vegetacdo secundaria aberta e duas areas de
agricultura) fora da area de preservacao (Fig. 1). Cada ponto em cada transec¢do apresentou
uma distdncia minima de 500 metros um do outro. Ao total 28 pontos foram amostrados nas
areas com quatro transec¢des (EEA — Caatinga e PNSC — Cerrado) e 21 pontos na drea com
trés transecgdes (PNU — Caatinga e Floresta Umida Relictual), totalizando 98 pontos

amostrados em todas as areas de estudo.
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Fig.1 Delineamento amostral (A, F e K), niveis de regeneragdo da vegetagdo nativa e areas
agricolas. Estacao Ecologica de Aiuaba (letras A a E), Parque Nacional de Sete Cidades (letras
F aJ) e Parque Nacional de Ubajara (letras K a S, onde L a O sdo de Floresta Umida Relictual
e Pa S de Caatinga). Vegetacao preservada (B, G, L e P), vegetacdo secundaria fechada (C, H,
M e Q), Vegetacdo secundaria aberta (D, [, N e R) e area de agricultura (E, J, O e S).
Simbolos dos mapas: Vegetagdo preservada; Circulo verde — vegetagdo secundaria fechada;

Triangulo laranja — vegetagdo secundaria aberta; Quadrado rosa — areas de agricultura.

Estagios de regeneragdo da vegetagdo nativa e uso do solo para agricultura

Os diferentes estagios de regeneragdo da vegetagdo nativa e uso do solo para agricultura
foram classificados através de imagens de satélite, levando em consideragdo o adensamento,
coloragao e altura da vegetagao. O estagio de regeneracdo diminui da vegetacao preservada

para a vegetacdo secundaria fechada e vegetacao secundaria aberta. Areas de agricultura sao
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uma classe de uso do solo em que a vegetacao natural ¢ retirada e sao realizadas plantagdes
(Fig. 1). As areas de agricultura amostradas na Caatinga e no Cerrado foram compostas,
predominantemente, por plantacdes de milho, milho com feijao e milho com mandioca; e na
Floresta Umida Relictual por milho com feijdo e frutiferas (abacate, maracuja, banana,
tomate). As areas de agricultura amostradas na Caatinga e no Cerrado foram abandonadas no
periodo seco, enquanto na Floresta Umida Relictual foi utilizada a irrigagdo, e assim mantida
a atividade agricola o ano inteiro. O mapeamento, a classificacao dos niveis de regeneragao da
vegetacdo e uso do solo e a demarcacao dos pontos foram feitos através do software QGIS v

2.18.19 (QGIS Development Team 2019).

Amostragem de lagartos

Realizamos trés expedigdes entre os anos de 2018 ¢ 2020 em cada area de preservacao e
zonas de entorno, duas no periodo chuvoso e uma no periodo seco. Para a busca dos lagartos,
permanecemos 60 minutos em cada ponto em cada expedi¢do, exceto em areas preservadas,
que por apresentarem um numero inferior de pontos (enquanto areas de vegetagcao secundaria
fechada, vegetagao secundaria aberta e agricultura apresentam dois pontos por transecto, areas
preservadas apresentam um ponto) foram amostrados por 120 minutos cada (o dobro que os
demais niveis de intensifica¢dao, de modo a equalizar o esfor¢o amostral em todas as
categorias). Em cada ponto nos afastamos das bordas da vegetagao pelo menos 50 metros,
adentrando na mata, exceto em areas de agricultura, que por vezes eram pequenos fragmentos.
Assim, em areas de agricultura as bordas também foram amostradas.

Realizamos a coleta de dados durante o periodo diurno (entre 8 e 17 horas). Utilizamos
da busca visual como método de amostragem (Scott et al. 1994). Os animais avistados foram
identificados e contabilizados. Levando em consideragdo a soma de coletores presentes em
campo em todos os pontos amostrados, tivemos um esforgo total de 290h e 20 min na EEA
(Caatinga), 331h 10min no PNSC (Cerrado), 238h e 26 min no PNU (Caatinga) ¢ 250 h ¢ 43
min no PNU (Floresta Umida Relictual).

Dissimilaridade taxondmica e funcional

Utilizamos o indice de dissimilaridade de Sorensen para identificar mudangas na
dissimilaridade taxondmica entre os estagios de regeneracdo da vegetacdo e em areas
agricolas. Este indice leva em consideragado a presenca e auséncia de espécies e pode variar de

0 a 1. Valores proximos de 0 indicam que os locais sdo mais semelhantes entre si e valores
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proximos a 1 indicam que os locais sdo mais diferentes (dissimilares). Obtivemos os valores
do indice de Sorensen a partir da criacdo de uma matriz de dissimilaridade utilizando o
comando dist.binary (pacote “ade4”, Dray e Dufour 2007; Borcard et al. 2011).

Para analisar a dissimilaridade funcional, selecionamos tragos funcionais relevantes para
a historia de vida de lagartos. Tragos funcionais sdo caracteristicas dos organismos associadas
a forma como um ecossistema funciona ou opera (Tilman, 2001). Os tracos funcionais
selecionados foram: o tipo de forrageamento (ativo, senta-e-espera e intermediario), a
preferéncia alimentar (insetos/artrépodes, herbivoro, insetivoro-carnivoro), o héabito (terrestre,
arboreo, arboreo-terrestre, fossorial/semifossorial, saxicola, generalista), o periodo de
atividade (diurno, noturno), o comprimento rostro-cloacal médio (machos) e o nimero médio
de ovos por ninhada. Obtivemos as informagdes para cada espécie por consultas a literatura
(por exemplo, Vitt et al. 1995; Rodrigues 2003; Andrade et al. 2013). Dados indisponiveis na
literatura foram complementados com dados coletados em nossas expedigdes de campo.

Para acessar a dissimilaridade funcional, utilizamos os dados de tragos funcionais para
criar uma matriz de dissimilaridade usando o método de Gower, o qual ¢ adequado para
classes de dados com mais de um tipo de variavel (Borcard et al. 2011) através do comando
vegdist (pacote “vegan”, Oksanen et al. 2020). Em seguida criamos um fenograma a partir da
matriz de dissimilaridade com o comando /clust. Em seguida convertemos o objeto da classe
“hclust” para a classe “phylo” através do comando as.phylo (pacote “ape”, Paradis et al.
2004) e assim pudemos utilizar o comando phylosor para obter as distdncias entre as

comunidade. Todos os comandos foram realizados no software R v.4.1.0 (R Core Team 2021).

Andlise estatistica

Realizamos as andlises estatisticas em duas escalas, uma menor (local) e outra maior
(regional). Na escala local, a distdncia maxima entre pontos de amostragem foi de 18,2 Km na
Caatinga (PNU), 17,5 Km na Floresta Umida Relictual (PNU), 18,4 Km no Cerrado (PNSC) e
24,2 Km na Caatinga (EEA). Na escala regional a distancia maxima entre pontos foi de 355
Km. Para a analise local, consideramos como unidade amostral a riqueza (quantas espécies
foram registradas) e a composicao (quais espécies foram registradas) em cada estagio de
regeneragdo da vegetagdo e areas agricolas em cada transecto. Em cada transecto
consideramos cada classe de uso do solo como uma unidade amostral, totalizando 16 unidades
amostrais nas areas com quatro transectos e 12 unidades amostrais nas areas com trés

transectos. Para a analise regional, consideramos a riqueza e composi¢do encontrada em cada
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nivel de intensificagdo do uso do solo de forma geral (quatro niveis de intensificacao
agrupados nas quatro diferentes areas, totalizando 16 unidades amostrais).

Para investigar o efeito de mudangas no estagio de regeneracao da vegetagao nativa e
uso do solo para a agricultura sobre a dissimilaridade na composi¢do de espécies (diversidade
beta) em escala local, utilizamos as areas preservadas como controle e comparamos a
dissimilaridade destas com areas de vegetagao secundaria fechada, vegetacao secundaria
aberta e areas de agricultura em cada localidade. Para analisar estatisticamente as diferencas
entre dissimilaridade de espécies e mudangas no estagio de regeneracao da vegetacao e uso
agricola do solo, utilizamos beta regressoes que sdo apropriadas para dados de proporgdes,
como ¢ o caso de nossos indices de dissimilaridade, utilizando o comando betareg (pacote
“betareg”, Cribari-Neto e Zeileis 2010). Para investigar se mudancgas no estagio de
regeneragao € uso para a agricultura em escala regional causam homogeneizagao biodtica,
agrupamos as areas de um mesmo nivel entre os diferentes locais de estudo (Caatinga - PNU,
Caatinga - EEA, Cerrado e Floresta Umida Relictual) e utilizamos de beta regressdes para
realizar as comparagoes.

Para investigar o efeito de mudangas no estagio de regeneracao da vegetagao nativa e no
uso do solo para a agricultura sobre a riqueza de espécies em ambas as escalas, utilizamos de
modelos lineares generalizados (GLM’s) com distribui¢do quasipoisson, adequada para dados
de contagem e quando ha superdisperssdao dos dados (Gabriella et al. 2019). O efeito de
mudancas no estagio de regeneracao da vegetacao e no uso do solo para a agricultura na
riqueza foram previamente publicados para areas de Cerrado e Floresta Umida Relictual em
Brasileiro et al. (2022, em revisdo). Para todos os testes, atribuimos o nivel de significancia o

= 0.05. Todas as analises foram realizadas no R v.3.4.3 (R Core Team 2021).

Resultados

Efeitos de mudancas no estagio de regeneracao da vegetacdo nativa e uso do solo para a

agricultura sobre a riqueza de espécies

Em escala local, encontramos taxocenoses de lagartos mais pobres em espécies em
areas de agricultura em uma das areas de Caatinga (EEA). Ao contrario, encontramos
taxocenoses mais ricas em espécies em areas de agricultura na Floresta Umida Relictual
(Brasileiro et al. 2022, em revisdo e Tabela 1 deste artigo). Na outra area de Caatinga (PNU) e
no Cerrado (Brasileiro et al. 2022, em reviséo e Tabela 1 deste artigo) ndo registramos

diferencas. Em escala regional, ndo identificamos diferenca na riqueza de espécies com as
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mudancas no estagio de regeneracao da vegetacdo nativa e uso do solo para a agricultura
(Tabela 1), corroborando nossa hipétese de auséncia de mudanca naa riqueza de espécies com
as alteracdes na vegetacdo em escala regional. A riqueza geral de espécies, entretanto, foi
inferior em areas de agricultura (15 espécies) em relacdo as demais classes de uso do solo (19
espécies em areas preservadas, 20 em areas de vegetacdo secundaria fechada e 18 em areas de

vegetacao secundaria aberta).

Efeitos de mudancas no estagio de regeneracéo da vegetacdo nativa e uso do solo para a

agricultura na dissimilaridade taxondmica e funcional

Em escala local, identificamos diferencgas na dissimilaridade taxondmica nas duas areas
de Caatinga entre areas preservadas e de agricultura (Figs. 2A e 2C, Tabela 1). Nao
identificamos diferencas na dissimilaridade funcional (Figs. 2B e 2D, Tabela 1). No Cerrado
néo registramos diferencas na dissimilaridade taxondmica e funcional com mudangas no
estagio de regeneragdo da vegetacdo nativa e uso do solo para agricultura (Figs. 2E e 2F,
Tabela 1). Na Floresta Umida Relictual identificamos diferencas na dissimilaridade
taxonémica e funcional entre areas preservada e todas as demais categorias (Figs. 2G e 2H,
Tabela 1), corroborando nossa hipdtese de que as mudancas na dissimilaridade seriam mais
intensas nesse tipo de vegetacdo (lista completa de espécies disponivel em:
https://doi.org/10.6084/m9.figshare.20565114.v2).
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Fig. 2. Boxplots para valores de dissimilaridade taxonémica (A, C, E e G) e funcional (B, D,
F e H) associado aos diferentes estagios de regeneracdo da vegetacdo nativa e uso do solo
para a agricultura na Caatinga - PNU (A e B), Caatinga - EEA (C e D), Cerrado (Ee F) e
Floresta Umida Relictual (G e H). P-P — vegetacdo preservada vs vegetacdo preservada, P-F —
vegetacao preservada vs vegetacdos secundaria fechada, P-AB — vegetacao preservada vs

vegetacdo secundaria aberta, P-AG — vegetacao preservada vs areas de agricultura.
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Tabela 1. Resultado das analises de dissimilaridade taxonémica e funcional (escala local) e homogeneizacao biotica (escala regional) entre 0s
diferentes estagios de regeneracdo da vegetacdo nativa e uso do solo para a agricultura nas diferentes areas de estudo. Est — estimativa, PNU —
Parque Nacional de Ubajara, EEA — Estagdo Ecologica de Aiuaba, Diss — Dissimilaridade, PR — areas preservadas, VSF — vegetacdo secundaria
fechada, VSA — vegetacdo secundaria aberta, AG — areas de agricultura. Dados de riqueza para Cerrado e Floresta Umida Relictual foram obtidos

de Brasileiro et al. (2022, em revisao).

Caatinga (PNU) Caatinga (EEA) Cerrado Floresta Umida Analise geral
Relictual

Métricas Est t/z p Est t/z p Est t/z P Est t/z p Est t/z p
DISS. TAXONOMICA
PRvs. VSF 0,46 1,75 0,08 -0,17 -0,75 0,45 -0,58 -1,47 0,14 1,84 4,06 <0,001 -0,76 -1,73 0,08
PRvs. VSA -0,27 -099 032 -0,19 -0,80 0,42 0,16 0,39 0,69 426 7,51 <0,0010 -1,10 -2,53 0,01
PR vs. AG 0,55 2,04 0,04 0,61 2,51 0,01 -0,32 -0,80 042 4,05 743 <0,001 -1,51 -342 0,004
DISS. FUNCIONAL
PRvs. VSF 0,27 0,69 049 -0,16 -0,53 0,59 -0,66 -1,83 0,06 1,61 3,61 <0,001 -022 -0,67 0,50
PRvs. VSA -0,18 -042 0,68 -0,13 044 0,66 0,11 0,14 0,74 2,27 5,13 <0,001 -0,16 -0,50 0,62
PR vs. AG 0,16 0,42 0,67 0,36 1,26 0,21 -0,40 -1,15 0,25 221 501 <0001 -0,18 -0,54 0,59
RIQUEZA

PRvs. VSF 0,06 0,32 0,75 0,11 0,86 0,38 1,226e-01 0,82 042 044 1,49 0,17 0,15 0,76 0,46

PRvs. VSA -0,15 -0,67 0,52 0,22 1,73 0,1 -7,27le-15 0 1,0 036 1,42 0,25 0,09 0,46 0,65

PR vs. AG 0,33 148 0,18 -0,53 -3,42 0,005 0,55 0,55 0,57 0,69 1,26 0,03 0,18 0,90 0,38
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Efeitos de mudancas no estagio de regeneracdo da vegetacdo nativa e uso do solo para a

agricultura na homogeneizacao bidtica

Em escala regional, encontramos homogeneizagdo taxondmica (Fig. 3A, 3C, Tabela 1)
entre areas preservadas e areas de agricultura e de vegetagdo secundaria aberta, corroborando
nossa hipotese de homogeneizacdo em estagios mais precoces de regeneracdo da vegetacdo e
areas de agricultura. Ao contrario de nossas expectativas, ndo identificamos homogeneizagédo
funcional (Fig. 3B, Tabela 1).
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Fig. 3. Boxplots para valores de dissimilaridade taxondmica (A) e funcional (B) em relacao
aos estagios de regeneracao da vegetacdo nativa e uso do solo para a agricultura a nivel
regional e espécies presentes (retangulos pretos) e ausentes (linhas) em cada categoria (C).
PRE — vegetacdo preservada, VSF — vegetacao secundaria fechada, VSA — vegetacdo

secundaria fechada, AG — areas de agricultura;
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Discussdo

O efeito de mudancas no estagio de regeneracéo da vegetacdo nativa e uso do solo para a

agricultura na riqueza de espécies

Em escala local, a riqueza de espécies diminuiu em areas de agricultura em uma das
areas de Caatinga (EEA) e aumentou na Floresta Umida Relictual. Mudancas na estrutura do
habitat podem influenciar na distribuicéo e sobrevivéncia de lagartos (e.g. Sutton et al. 2014;
Cosendey et al. 2019). Entretanto, algumas espécies podem ser mais afetadas que outras
diante de alteracdes do ambiente natural (Glor et al. 2001). Nesse estudo, na Caatinga e no
Cerrado muitas espécies tolerantes estavam presentes tanto em areas preservada como em
areas altamente alteradas, tais como Ameivula pyrrhogularis, Ameiva ameiva, Brasiliscincus
heathi e Salvator merianae, mas outras desapareceram. A perda de espécies na Caatinga pode
refletir, por exemplo, a perda de recursos. Geckonideos como Lygodactylus klugei e
Hemidactylus brasilianus utilizam arvores como microhabitat preferencial (Rodrigues 2003;
Andrade et al. 2013; Menezes et al. 2013; Gongalves-Sousa et a. 2019). A presenca de arvores
€ um recurso essencial para espécies arboricolas e sua perda, associada a mudancas nas
condi¢cbes ambientais pode levar a um importante declinio deste grupo (Scott et al. 2006).
Deste modo, esta limitacdo pode ser um dos fatores que contribuiram para a redu¢do do

numero de espécies em areas de agricultura na Caatinga.

Muitas das espécies presentes no interior das Florestas Umidas Relictuais ndo estdo
presentes em areas de Caatinga, que as margeiam (Mesquita et al. 2017; Uchda et al. 2022),
algumas sendo tipicas deste tipo de vegetagdo como Enyalius bibronii (Gogliath et al. 2010)
ou que sobrevivem neste ambiente de forma relictual como Copeoglossum nigropunctatum
(Ribeiro-Janior e Amaral 2016) e Norops fuscoauratus (Ribeiro-Janior 2015). A perda dos
habitats naturais nas areas estudadas levou a substituicdo de algumas espécies endémicas e
relictuais, por espécies comuns e amplamente distribuidas (e.g. Tropidurus hispidus, A.
pyrrhogularis e A. ameiva), associado, entretanto, a um aumento na riqueza de espécies em
areas mais antropizadas. Areas de vegetacdo secundaria fechada apresentaram uma
composicdo que mescla espécies florestais e de areas abertas, sem uma perda acentuada. O
mesmo padrao foi observado para lagartos em uma area de Floresta Atlantica, devido a
fragmentacéo florestal (Almeida-Gomes e Rocha 2014). Para aves em uma regido de Floresta
Tropical Montana, cerca de 66% das espécies eram compartilhadas entre areas de vegetacédo

primaria e secundaria, valor superior se comparado a areas onde a vegetacdo era mais
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degrada. Deste modo, assim como os demais estudos apresentados, registramos uma mudanca
em geral gradual na identidade das espécies com mudancas no estagio de regeneracdo da

vegetacdo nativa e uso do solo para agricultura na Floresta Umida Relictual.

Na Floresta Umida Relictual houve um aumento da riqueza com o uso do solo para a
agricultura. Apesar deste aumento, a repeticdo desse padrdo em escalas maiores pode levar ao
processo de homogeneizacao bidtica (e.g. Arnan et al. 2020), visto que as espécies
generalistas e de areas abertas podem passar a se repetir, mesmo em diferentes ambientes
(Karp et al. 2012). Consequentemente, ndo detectamos mudanca na riqueza de espécies em
estagios precoce de regeneracao (vegetagdo secundaria fechada) e com o uso do solo para
agricultura em escala regional. Entretanto, quando observamos a riqueza geral de cada
categoria, areas preservadas apresentaram 19 espécies de lagartos, enquanto areas de
agricultura apresentaram 15 espécies, 0 que sugere que mesmo com auséncia de mudanca no

numero de espécies, estas tendem a se repetir com mais frequéncia em areas agricolas.

O efeito de mudancgas no estagio de regeneracdo da vegetacao nativa e uso do solo para a

agricultura na dissimilaridade taxondémica e funcional

Em escala local, a dissimilaridade taxondmica apresentou mudancgas em areas de
agricultura na Caatinga, o que demonstra mudancas na composi¢ao de espécies com o uso do
solo para agricultura. Nestas areas ndo registramos a presenca de espécies como L. klugei, H.
brasilianus e Coleodactylus meridionalis. Lygodactylus klugei, apesar de ser considerado
generalista de habitat por estar presente em diferentes tipos de formacdes vegetais é
estritamente arboricola, sendo considerado um especialista nesse microhabitat (Andrade et al.
2013). Coleodactylus meridionalis € um lagarto tipicamente florestal e utiliza a serrapilheira
como microhabitat predominante (Silva et al. 2015). Nas areas de agricultura também
registramos uma espécie invasora, a qual contribui para o aumento da dissimilaridade
taxondmica entre areas agricolas e areas de vegetacao preservada. Hemidactylus mabouia é
uma espécie advinda da Africa e esta associada principalmente a areas urbanizadas no Brasil,
sendo comum em residéncias (Anjos e Rocha 2008; Sousa et al. 2017). Em areas naturais a

espécie é beneficiada pela remocéo da vegetacdo nativa (Oliveira et al. 2016).

A dissimilaridade taxondmica na Floresta Umida Relictual mudou mais intensamente

que nos outros tipos de vegetacdo, pois ocorreu mesmo em areas de vegetacdo secundaria
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fechada, um estagio de renegeracdo da vegetacdo mais tardio, enquanto que nas demais areas
de estudo ocorreu apenas em areas de agricultura, exceto no Cerrado, onde ndo houve
mudancas. Lagartos que vivem no interior de Florestas Umidas Tropicais podem n&o
conseguir sobreviver em areas abertas (Vitt 1998), devido, por exemplo, sensibilidade a
mudancas na temperatura (Huey et al. 2009; Diele-Viegas et al. 2019) e na disponibilidade de
microhabitat (Garda et al. 2013). Assim, espécies como C. meridionalis, C. nigropunctatum e
E. bibronii foram substituidas em areas de vegetacdo secundéaria aberta e agricultura, ou
adicionadas a presenca de espécies tolerantes em areas de vegetacao secundaria fechada (lista
completa de espécies disponivel em: https://doi.org/10.6084/m9.figshare.20565114.v2), o que
refletiu em um ganho superior de espécies em relacdo as perdas, levando a uma maior
diferenciacdo bidtica. A diferenciacdo biotica trata-se da diferenca na similaridade de espécies
entre sitios e tem sido reconhecida cada vez mais como um dos possiveis resultados de
impactos ambientais (Socolar et al. 2016). Deste modo, o que inicialmente aparenta ser alta
variagdo de espécies, pode esconder efeitos da degradacéo dos habitats naturais (Liu et al.
2020).

Em ambientes sujeitos a alteracdes ambientais e ciclos de perturbacdo frequentes é
esperado que 0s organismos apresentem tragos caracteristicos quanto a tolerancia as
modificacGes ambientais (Betts et al. 2019). A Caatinga apresenta irregularidade de chuvas e
elevada evapotranspiracdo (Prado 2003; Andrade et al. 2017) e o Cerrado, regime de fogo
(Pivello 2011). Deste modo, espera-se que espécies destes ambientes sejam tolerantes a estas
modificacGes ambientais. Para a flora, isso € evidente na perda das folhas de grande parte das
arvores e arbustos (Prado 2003) e a presenca de arvores com cascas grossas e brotacdo de
raizes no Cerrado (Simon e Pennington 2012). Ja na Floresta Umida Relictual ocorrem
temperaturas mais amenas e menor disponibilidade de luz direta em seu interior (Vitt 1998).
Para os lagartos, ambientes com reduzida disponibilidade de luz direta, como o interior de
florestas Umidas, possibilita a ocorréncia de espécies adaptadas a esse microclima
(umbrofilas), mas ndo beneficia a existéncia de outras que necessitam ou toleram
temperaturas mais elevadas (heliofilas) (Vitt 1998; Diele-Viegas et al. 2018). Espécies
encontradas em areas naturais da Caatinga e do Cerrado, por exemplo, conseguem sobreviver
mais frequentemente a ambientes abertos, e por vezes também antropizados, como A. ameiva
(Sartorius et al. 1999), A. pyrhhogularis (Brasileiro et al. 2022, em revisao), T. hispidus
(Andrade et al. 2019) e S. merianae (Klug et al. 2015). No geral, espécies presentes em areas

preservadas da Floresta Umida Relictual foram mais sensiveis a alteracio da vegetacio
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natural do que espécies presentes em areas preservadas da Caatinga e Cerrado, o que pode ser

suportado pela elevada dissimilaridade taxondmica encontrada na Floresta Umida Relictual.

A auséncia de mudanga na dissimilaridade funcional na Caatinga, assim como no
Cerrado sugere que mesmo apdés o distirbio, muitas das caracteristicas funcionais ainda sdo
mantidas, o que pode ser um reflexo, por exemplo, da redundancia funcional, que ocorre
quando mais de uma espécie desempenha a mesma funcéo, e a perda de uma delas néo reflete
em perda funcional (Fonseca e Ganade 2001). Além disso, a escolha de tragcos funcionais
pode ser um fator importante na influéncia ou ndo da observagédo de padrdes (Petchey e
Gaston 2006). Os tragos aqui selecionados mostraram-se eficientes em registrar o efeito de
mudancas ambientais em trabalhos anteriores (Berriozabal-Islas et al. 2017; Gongalves-Sousa
et al. 2022). Cabe avaliar, entretanto, se 0s mesmos tracos séo eficientes para diferentes locais

ou tipos de vegetacéo.

Na Floresta Umida Relictual, a substitui¢do de espécies foi acompanhada de mudancas
nas caracteristicas funcionais. Alteragdes concomitantes na dissimilaridade taxondmica e
funcional associadas ao aumento da intensificagdo do uso do solo também foram observadas
em outra area de Floresta densa (e.g. efeito da plantacdo de eucaliptos em formigas na
Floresta Atlantica, Martello et al. 2018), entretanto, um padrdo mais acentuado de mudanca na
diversidade taxonémica que na diversidade funcional também ja foi registrado (e.g. efeito de
diferentes niveis de modificacdo antropogénica no uso do solo em aves em uma area de
Floresta Tropical Montana, Rurangwa et al. 2021), demonstrando que os padrdes de mudanca
com o disturbio podem variar. Apesar da mudanga na dissimilaridade funcional neste estudo,
ndo houve mudancas para as métricas de riqueza funcional (FRic), equitabilidade funcional
(FEve) e divergéncia funcional (FDiv) nas areas estudadas (Brasileiro et al. 2022, em
revisdo). A comparacao da similaridade na composicéo de espécies (diversidade beta)
realizada neste estudo detectou diferencas que os indices de diversidade investigados
anteriormente ndo foram capazes de detectar (ver padrdo similar em Sharma et al. 2020),
reforcando a necessidade de se analisar mudancas na diversidade sobre diferentes perspectivas
(Lososova et al. 2016).

O efeito de mudancas no estagio de regeneracéo da vegetacdo nativa e uso do solo para a

agricultura na homogeneizacao bidtica
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Em escala regional, detectamos homogeneizacdo taxondmica (em areas de agricultura e
de vegetacdo secundaria aberta), mas ndo funcional. Os efeitos de mudancas no estagio de
regeneragdo da vegetacao nativa e uso do solo para a agricultura contribuindo para a
homogeneizacao taxondmica sugerem que espécies capazes de sobreviver e se estabelecer em
areas com niveis mais elevados de disturbio tendem a se repetir (Dar e Reshi 2014), e que
areas preservadas de diferentes tipos de vegetacdo podem comportar uma maior diversidade
de espécies devido, por exemplo, & heterogeneidade ambiental (Stein et al. 2014). E possivel
que a heterogeneidade ambiental diminua em areas de agricultura, as quais podem apresentar
caracteristicas mais semelhantes entre os diferentes locais (Karp et al. 2012). Nestas mesmas
taxocenoses, entretanto, foram registradas mudancgas em aspectos como equitabilidade e
equitabilidade funcional com mudancas no estagio de regeneracdo da vegetacdo nativa e uso
para agricultura (Brasileiro et al. 2022, em revisao), o que sugere uma reducao de resiliéncia a
impactos ambientais em areas mais antropizadas (Ding et al. 2013; Fonseca e Ganade 2001).
Trabalhos sobre o efeito da intensificagcdo do uso do solo na herpetofauna do dominio
Caatinga sao escassos (ver Brasileiro et al. 2022, em revisdo). Deste modo este trabalho é

pioneiro em prever a homogeneizacdo bidtica em lagartos da regido.

Outro aspecto que pode influenciar a auséncia de mudancas na dissimilaridade
funcional em conjunto com a dissimilaridade taxonémica é a redundancia funcional (Sonnier
et al. 2014). Se existe redundancia nas areas mais preservadas e espécies sao perdidas, a
mudanca na composicao de espécies pode ser sentida na diversidade taxondmica, mas ndo na
diversidade funcional (Laliberté et al. 2010). Entretanto, a redundancia funcional pode ser
diminuida em ambientes mais extremos (Robinson et al. 2022) e esta perda pode influenciar
negativamente a estabilidade do ecossistema (Walker 1995). Vale salientar, entretanto, que a
escolha de tragos funcionais também pode influenciar a exclusividade das espécies, e assim
sua diversidade e redundancia funcional. Deste modo, € importante levar este ponto em
consideracdo quando da interpretacéo de resultados acerca desta faceta da diversidade
(Fonseca e Ganade 2001).

Além disso, dependendo do tipo de disturbio, alguns grupos de lagartos podem ser mais
afetados que outros. Gekkota, por exemplo, sdo menos afetados pelo aquecimento global, por
serem predominantemente noturnos (Diele-Viegas et al. 2020). Em areas de pastoreio de
gado, onde arvores nao sdo derrubadas, espécies de lagartos arboricolas tendem a ser menos
prejudicadas que espécies de serrapilheira (Neilly et al. 2017), reiterando a importancia que a

presenca de arvores possui para espécies arboricolas, como identificado nesse estudo. Dentre
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as espécies encontradas neste estudo, T. hispidus responde positivamente a urbanizacao
(Andrade et al. 2019) e A. pyrrhogularis aumenta em abundancia em areas de agricultura
(Brasileiro et al. 2022 em reviséo). Deste modo, uma avaliagdo mais refinada levando em
consideracdo grupos funcionais ou espécies pode nos trazer respostas mais claras de como 0s

lagartos respondem a alteragdes ambientais.

Conclusao

A nivel local, a riqueza de espécies sofreu reducao em areas de agricultura na Caatinga
e aumento em areas de agricultura na Floresta Umida Relictual, o que demonstra que areas
distintas podem apresentar diferentes padrdes de perda ou ganho de espécies e ambos podem
ser levados em consideracdo como efeitos negativos do uso do solo, o que pode ser suportado
pela substituicdo de espécies e por suas caracteristicas ecoldgicas. A nivel regional, ndo
registramos mudanca na riqueza de espécies das taxocenoses estudadas com a mudanca no
estagio de regeneracgdo da vegetacdo nativa e uso do solo ara agricultura. Apesar de nao haver
mudancas na riqueza, o valor absoluto de espécies encontrados em cada nivel sugere que um
numero maior de espécies tende a se repetir em areas de agricultura, sugerindo
homogeneizacdao bidtica, o que € suportado pela reducdo na dissimilaridade taxonémica

regional encontrada neste estudo.

Em escala local, a Floresta Umida Relictual apresentou as mais intensas modificacoes
quanto a dissimilaridade taxondmica e funcional, o que se deve provavelmente a espécies
menos tolerantes as mudancas antropogénicas nessa formacéo vegetal e a colonizagéo de
areas mais intensamente degradadas por espécies distintas as das areas preservadas. Apesar de
menos intensamente, a Caatinga também apresentou mudancas na dissimilaridade taxonémica
entre areas preservadas e areas de agricultura, o que sugere que mesmo nesse ambiente, onde
muitas espécies sdo adaptadas a alterages ambientais mais frequentes, nem todas conseguem

sobreviver ou sdo beneficiados com a conversao da vegetacdo nativa em areas de agricultura.

A nivel regional, identificamos homogeneizacdo taxondmica, mas nao funcional.
Aspectos como composicao proxima entre areas preservadas e de agricultura em ambientes
naturalmente mais abertos na Caatinga e no Cerrado e a possibilidade de existir redundancia
funcional nas taxocenoses podem ajudar a explicar a auséncia de homogeneizagéo funcional.

Esta auséncia, entretanto, ndo significa necessariamente que as taxocenoses em areas mais
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degradadas sejam tdo resilientes quanto as de areas preservadas, visto que aspectos como
reducdo da equitabilidade, equitabilidade funcional (anteriormente identificada para estas
areas de estudo, Brasileiro et al. 2022, em reviséo) e redundancia funcional (Biggs et al. 2020)

podem torna-las mais sensiveis a mudancas ambientais.
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Short-title.—Effects of land use on the ecology of Tropidurus hispidus

Abstract—The conversion of pristine areas for agricultural areas has a deep
environmental impact. While those changes may harm several species, others may benefit
from them, serving as environmental indicators for such changes. In this work, we
evaluate how agricultural land use affects the abundance, parasitism, spatial niche
amplitude and microhabitat use of the generalist lizard Tropidurus hispidus in different
vegetation types of the Caatinga Domain. The abundance of T. hispidus increased in
agricultural areas only in general analysis (regional) and in Relictual Humid Forest. In
the other areas (Caatinga sensu stricto and Cerrado sensu stricto) the species did not
increase in abundance, but neither did it decrease. We recorded changes in abundance
and prevalence of heteroxeneous (higher in protected areas) and monoxenous helminth
(higher in agricultural areas), which was used to identify how different life cycle species
may be differently affected by anthropization. We have not identified clear patterns of
change in the amplitude of the spatial niche with agricultural land use for T. hispidus, but
we identified differences in the use of some microhabitat categories. This work contributes
to knowledge of various biological aspects of Tropidurus hispidus in response to
agricultural land use and to better understanding how environmental disturbances affect

the life history of a Neotropical generalist lizards.

Key Words.—agricultural areas; anthropic disturbance; helminth; Squamata
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Resumo.—A conversdo de areas de vegetacdo natural em &reas de agricultura tem
profundo impacto ambiental. Alteracdes desta natureza tendem a prejudicar diversas
espécies, entretanto, outras podem inclusive ser beneficiadas, servindo como indicadores
ambientais. Neste trabalho avaliamos como o uso agricola do solo afeta a abundancia,
parasitismo e a amplitude de nicho espacial do lagarto generalista Tropidurus hispidus em
diferentes tipos de vegetacdo do Dominio Caatinga. A abundancia de T. hispidus
aumentou em areas de agricultura apenas na andlise geral (regional) e na area de Floresta
Umida Relictual. Nas demais areas (Caatinga sensu stricto e Cerrado sensu stricto) a
espécie ndo aumentou em abundancia, mas também ndo diminuiu. Registramos
diferencas na abundancia e prevaléncia de helmintos heteroxénicos (maior em areas
conservadas) e monoxénicos (maior em areas agricolas), que identifica como espécies de
ciclo de vida distintos podem ser diferentemente afetadas pela antropizacdo. N&o
identificamos padrdes claros na amplitude do nicho espacial com a intensificacdo do uso
do solo para T. hispidus, mas identificamos diferentes no uso de algumas categorias de
microhabitat. Este trabalho amplia o conhecimento sobre varios aspectos da biologia de
Tropidurus hispidus em resposta a intensificagdo do uso do solo e contribui para uma
melhor compreensdo de como disturbios ambientais afetam a biologia de lagartos

generalistas neotropicais.

Palavras-chave.— areas de agricultura; disturbio antropogénico; helmintos; Squamata
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INTRODUCTION

Habitat loss and fragmentation are the largest threat to biodiversity (Leal et al. 2005; Rogan
and Lacher Jr. 2018). Among the main forms of change in habitat use is the conversion of
pristine areas into agricultural areas (Ellis et al. 2010; Ritchie and Roser 2013). Agricultural
land use cause variations in the environment that prevents certain species to remain or
improve conditions for others (Scott et al. 2006; Gonthier et al. 2014). Generalist species tend
to survive changes in the environment more effectively (Canning et al. 2017), some of them
even benefiting from it, such as by increasing their abundance (Sutton et al. 2014; Flores et al.
2017), serving bioindicators. In addition to influencing the population size, agricultural land
use can also interfere with interactions between species, such as competition, predation and
parasitism (Petren and Case 1998; Mckenzie 2007).

Parasitism is an antagonistic interaction widespread in the most distinct groups of
organisms. In parasitism by helminth, hosts can be infected by direct contact with the
environment and through intermediate hosts. Parasite infections can negatively affect the
hosts in aspects such as growth (Kelehear et al. 2011), behavior (Madelaire 2013), sexual
selection (Hamilton and Zuk 1982), and reproductive investment (Galdino et al. 2014).
Parasitism parameters (e.g. prevalence, richness and intensity) can be affected by aspects such
as diet (Hansen et al. 2017), microhabitat use, and host density (Kelehear et al. 2012; Brito et
al. 2014), and these factors can be affected by environmental changes. As parasites are closely
related to their hosts and can affect their density and ecology, they are necessarily considered
to be good environmental bioindicators, however, it is noteworthy that different groups of
parasites can respond differently to environmental changes (Lafferty 1997). In indirect life
cycle species (heteroxenous) the need for more than one host to complete their life cycle can
cause limitations in surviving in anthropic environments (Werner and Nunn 2020), since
degradation of the natural environment can lead to changes in species density, including of
intermediate hosts for some parasites (Mckenzie and Townsend 2007). However, the opposite
may also be true when there is an increase in intermediate hosts with anthropization. In
eutrophic waters, for example, the increase in insects and snails due to changes in
environmental conditions facilitates increases in the rate of parasite transmission in anurans
that live close to aquatic environments (Mckenzie 2007). Direct life cycle species tend to be
less harmed from anthropization, since they do not need intermediate hosts to complete their
life cycle (King et al. 2010).
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Another ecological aspect that can be affected by environmental changes is the microhabitat
use of organisms (Sutton et al. 2014). More extreme environments may increase restrictions
on the microhabitat, due, for example, to a lower availability of resources, resulting in
narrower niches (Caldas et al. 2019), but the opposite is also possible. Ecological release can
be generated by changes in competition, parasitism, and predation and has the consequence of
a wider range of use of resources by benefited species and can often occur in newly colonized

environments (Des Roches et al. 2011; Herrmann et al. 2020).

In this work, we evaluate how some ecological aspects of the generalist lizard Tropidurus
hispidus (Spix, 1825) is affected by agricultural land use. Tropidurus hispidus is a tropidurid
lizard that has sit-and-wait behavior as its main foraging strategy (Kolodiuk et al. 2009) and
feeds predominantly on insects (Ribeiro and Freire 2011). In natural areas, it uses mainly tree
trunks as a habitat for foraging and thermoregulation (Albuquerque et al. 2018). These lizards
can be found both in natural environments and in anthropic areas (they even seem to benefit
from urbanization - Andrade et al. 2019), being good models to test the effect of nvironmental
disturbances. Regarding the ecology of this species, we hypothesize that: i) There is an
increase in the abundance of T. hispidus in agricultural areas in relation to areas of conserved
natural vegetation; ii) About the parasitism, there is a reduction in abundance and prevalence
of heteroxenous helminths in agricultural areas, but not of monoxenous species; iii) There is
an increase in the spatial niche breadth of T. hispidus in agricultural areas; iv) There will be

differences in microhabitat use classes between agricultural areas and conserved areas.

MATERIALS AND METHODS

Study area.—We developed this work around three Protected Areas in Brazil, the Aiuaba
Ecological Station (AES, 6 °41'03.4 "S 40 ° 12'52.3" W, located in Aiuaba municipality in
the State of Ceard), the Ubajara National Park (UNP, 3 ©50'31.2 'S 40 ° 54'00.5" W, located
in the northwest of the State of Ceara, between Ubajara, Tiangua and Frecheirinha
municipalities) and the Sete Cidades National Park (SCNP, 4 © 06'58.8 "S 41 © 43'41.8" W
located in the northeast of the State of Piaui in the municipalities of Piracurura, Piripiri and
Brasileira - Complexo Campo Maior, Veloso et al. 2002). The different areas constitute the
vegetation of Caatinga sensu stricto, Cerrado sensu stricto (marginal area, close to the

Caatinga sensu stricto vegetation) and Relictual Humid Forest (Table 1).
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Caatinga sensu stricto is a Seasonally Dry Tropical Forest (STDF) distributed throughout
the Northeast of Brazil. It has high annual evapotranspiration, causing a water deficit for most
of the year, and for this reason, it has predominantly deciduous vegetation (Prado 2003).
Along this vegetation formation, exceptional areas can be found, such as the Relictual Humid
Forests (Moro et al. 2015). These forests have less seasonality than the Caatinga sensu stricto
that surrounds it, greater rainfall and perennial vegetation (Medeiros and Cestaro 2016).
These forests are believed to have formed through the expansion and retraction of tropical
forests (Amazon and Atlantic Forest) in the past (Santos et al. 2007; Castro et al. 2019). Its
fauna is composed of many forest species that are not present in the Caatinga sensu stricto
(Garda et al. 2017; Mesquita et al. 2017). In addition, on the margins of the Caatinga Domain,
it is also possible to find vegetation from other biomes with which they have contact, such as
the Cerrado (Veloso et al. 2002). The Cerrado (Tropical Savanna) may have different
phytophysiognomies, but the predominant one is the open Cerrado (Cerrado sensu stricto). It
presents spaced trees, with adaptations to fire, and a considerable grass cover, and is the type

of vegetation investigated in this study (Santos et al. 2020).

Sample design.—We delimited four transects in the Protected Areas surroundings, with the
exception of UNP, where we delimited three transects in the Relictual Humid Forest areas and
three in the Caatinga sensu stricto areas. Each transect had two conserved area points (natural
vegetation with low disturbance level — Closed secondary vegetation) and two agricultural
area points. The points in each transect had a minimum distance of 500 m, and the transect
had a minimum distance of 3 km (Fig. 1). We selected the areas by using the software QGIS
v2.18.19 (QGIS Development Team 2019) and satellite images. The land-use classification
considered the density, color, and height of vegetation, later confirmed in the field. The
agricultural areas (subsistence agriculture) were predominantly corn crops or intercropped
with beans and cassava, except in the Relictual Humid Forest areas where there were, in
addition to the corn plantations, fruit plantations, such as passion fruit, avocado, and banana.
In Caatinga sensu stricto areas and Cerrado sensu stricto areas, the plantations were
abandoned during the drought period. In Relictual Humid Forest areas, the plantations were

irrigated.

We carried out three expeditions (between 2018 and 2020) in each study area: two
expeditions during the rainy season and the third one during the dry season (except in the
SCNP surroundings, where we carried out three expeditions during the rainy season and

another one during the dry season). We collected data during the daytime (between 8 a.m. and
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5 p.m.). We spent 60 minutes at each point and we utilized the visual encounter survey (VES)
as a sampling method (Scott et al. 1994). We totalized a sample effort of 147 hours and 13
minutes in the AES surroundings (Caatinga sensu stricto) (71 h and 03 min in the agricultural
areas and 76 h and 10 min in conserved areas), 128 h and 31 min in the UNP surroundings
(Caatinga sensu stricto) (64 h 06 min in agricultural areas and 64 h and 25 min in conserved
areas), 127 h and 08 min in the UNP surroundings (Relictual Humid Forest) (61 h and 24 min
in agricultural areas and 65 h and 44 min in conserved areas), and 192 h and 31 min in the
SCNP surroundings (Cerrado sensu stricto) (91 h and 37 min in agricultural areas and 100 h
and 54 min in conserved areas), taking into account the collection time at each point by the

total number of collectors.

During the search period, we explored different microhabitats inhabited by lizards (exposed
soil, fallen trunk, leaf litter, rock, soil between vegetation, fence stake, termite nest, tree trunk,
wall). When spotted for the first time, we noted the substrate used by each observed specimen
(Werneck et al. 2009). We counted the spotted animals and collected some of them (collection
permit n® 72762 and 29613, Instituto Chico Mendes de Conservacéo da Biodiversidade —
ICMBI0). In addition to the areas outside the Protected Areas, we collected some of the
lizards in preserved areas within the Protected Areas boundaries (collection permit n°. 68031-
1, Instituto Chico Mendes de Conservacao da Biodiversidade — ICMBIo). After collected, we
euthanize the specimens with a lethal injection of 2% lidocaine chloridate. Then, we recorded

the Snout-vent length (SVL) of each specimen with a digital caliper (precision 0.1 mm).

We necropsied the collected animals under a stereomicroscope with a longitudinal incision
in the anteroposterior axis for the collection of parasites. We examine the organs in the
gastrointestinal tract (stomach, small and large intestines), lungs, and abdominal cavity. We
collected all parasites found, including encysted forms of acanthocephala. We fixed the
parasites in 70% ethyl alcohol, and necropsied the fixed specimens of T. hispidus in 3.7%
formaldehyde. We preserved the specimens in 70% ethyl alcohol and then deposited in the
herpetological collection of the Nucleo Regional de Ofiologia (NUROF) of the Federal

University of Ceara.

For the identification of parasite species, we clarified nematodes with lactic acid, stained the
cestodes, trematodes, and acanthocephala with hydrochloric carmine and diaphonized with
eugenol. We prepared temporary slides with parasite specimens for observation under a

microscope. The nomenclature follows Régo and Ibafiez (1965), Vicente et al. (1993), Gibson



103

etal. (2002), Anderson et al. (2009), Bursey et al. (2010) and Fernandes and Kohn (2014).
We preserved the parasite specimens in 70% ethyl alcohol and then deposited in the

Parasitological Collection of Federal University of Ceara (CPUFC).

Statistical analysis. — To test the first hypothesis, related to the abundance of lizards
between conserved and agricultural areas, in the overall analysis (including all study areas)
we built a generalized linear mixed effects model (GLMM) as a Poisson distribution (used for
counting data). For general analysis, we used as a random effect the study site (AES
surroundings - Caatinga sensu stricto), UNP surroundings (Caatinga sensu stricto), UNP
surroundings (Relictual Humid Forest), SCNP surroundings (Cerrado sensu stricto) and the
collection points. For the analysis of each study area we consider the collection points as a

random effect.

To test the second hypothesis, related to parasitism metrics, we evaluated differences in the
general abundance of helminth between conserved and agricultural areas through a GLMM as
Poisson distribution, using the study site as a random factor. We did not carry out analyses for
each study site individually due to the small sample size per site (Appendix Table). In
addition to the general analysis, we carried out an analysis of abundance and prevalence for
the most widely distributed helminth species (Appendix Table). Parasitism descriptors
followed Bush et al. guidelines (1997). As the abundance of parasites can positively vary with
lizard body size (e.g., Anjos et al. 2012), we performed Spearman correlations between SVL
(mm) and the abundance of parasites in each type of environment (conserved vegetation and
agricultural areas). In addition, we used the Wilcoxon Test to assess to access the existence of
differences in the body size of lizards collected in areas of conserved vegetation and
agricultural areas. If the relationship was positive, larger animals in conserved areas would
suggest a greater abundance of parasites, regardless of land use. To assess the difference in
prevalence between conserved and agricultural areas, we used Z-tests. As we expected the
prevalence of monoxenous species to be higher in agriculture and heteroxenous to be higher

in conserved areas, we used one-tailed tests.

To test the third hypothesis and evaluate the difference in microhabitat use, we calculated
the spatial niche amplitude using the inverse of Simpson’s diversity index (Simpson 1949).
Values ranged from 1 (exclusive use of a single category) to n (similar use of all categories).
Then, we divided the niche range by the number of categories used in each location, since it

generates a value between zero and one and is easier to compare.
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To test the fourth hypothesis and evaluate the differences in the proportion of microhabitat
use classes at different levels of disorder, we used the Z-test when all categories had n > 5 and
Fisher's exact probability test when at least one of the categories had n < 5. We marked the
significant values with an asterisk (*) in Figure 2. For all tests, we assigned the significance
level o= 0.05. We performed all analyses using R v.3.4.3 software (R Core Team 2021). We

present descriptive statistics as mean + standard deviation (minimum - maximum).

RESULTS

Abundance of lizards. — We recorded a total of 485 encounters with specimens of
Tropidurus hispidus (204 in conserved areas and 281 in agricultural areas, with 92 in the UNP
surroundings — Caatinga sensu stricto, 46 in the UNP surroundings — Relictual Humid Forest,
183 in the AES surroundings — Caatinga sensu stricto and 164 in the SCNP surroundings -
Cerrado sensu stricto). The general abundance of lizards changed between conserved and
agricultural areas (GLMM - Estimate = 0.63, Z = 2.95, P = 0.003), being higher in agricultural
areas. Locally, the abundance of lizards has increased in agricultural areas only in Relictual
Humid Forest (GLMM - Estimate = 3.22, Z = 4.25, P < 0.001). In the Caatinga sensu stricto
(AES surroundings — GLMM - Estimate = 0.46, Z=1.41, P =0.15, and UNP surroundings —
GLMM - Estimate = 0.23, Z= 1.76, P = 0.43) and Cerrado sensu stricto (GLMM - Estimate =
0.12, 2 =1.39, P = 0.69) there was no difference in the abundance of lizards.

Parasitism.—We analyzed a total of 128 specimens of T. hispidus. We recorded a total of
17 species of helminth, 11 species registered in agricultural areas (five monoxenous and six
heteroxenous) and 11 in conserved areas (three monoxenous and eight heteroxenous). The
species with the highest mean abundance (MA) and prevalence (PR) in conserved areas was
Physaloptera lutzi (MA - 3.9, PR - 57%), followed by Strongyluris oscari (MA - 2.5, PR -
28%), both heteroxenous. In agricultural areas it was Parapharyngodon largitor (MA - 2.12,
PR - 45%), monoxenous, followed by Physaloptera lutzi (MA - 1.53, PR - 37.5%),

heteroxenous (Appendix Table).

The abundance of monoxenous was higher in agricultural than in conserved areas (2.65 +
4.5 and 1.24 + 3.5, respectively), while the abundance of heteroxenous was greater in
conserved areas than in agricultural ones (6.95 £ 10.7 and 2.34 £ 4.8, respectively) (Table 2).
We recorded these patterns even though we had larger lizards in agricultural areas (W =

16900, P < 0.001) and there is a positive relationship between body size and abundance of
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helminth (agricultural areas rho = 0.58, P < 0.001, n = 79, conserved vegetation rho = 0.62, P
< 0.001, n = 49). The prevalence of monoxenous was lower in conserved areas (31%) than in
agricultural areas (52%). The prevalence of heteroxenous was higher in conserved areas
(77%) than in agricultural areas (50%) (Table 2). In the analysis by species, the abundance
and prevalence of monoxenous species was higher in agricultural areas while that of

heteroxenous was higher in conserved areas (Table 2).

Space niche width and microhabitat use.—In the Caatinga sensu stricto (AES
surroundings) the niche width of T. hispidus in conserved areas was 4.28 (with adjusted -
0.61, n = 63) and the most frequently used category was “tree trunk” (39.6%). In agricultural
areas the niche width was 3.77 (with adjusted - 0.41, n = 91) and the category most frequently
used was “fence stake” (45%) (Fig. 2). In other Caatinga sensu stricto area (UNP
surroundings) the niche width in conserved areas was 2.67 (with adjusted - 0.66, n = 36), and
the most frequently used category was “tree trunk” (47.2%). In agricultural areas the niche
width was 5.47 (with adjusted - 0.91, n = 66) and the most frequently used category was
“rock” (30.3%). (Fig. 2). In the Relictual Humid Forest (UNP surroundings), the niche width
of T. hispidus in conserved areas was 1 (n = 2) and the most frequently used category was
“fallen trunk” (100%). In agricultural areas the niche width was 6.64 (with adjusted - 0.83, n
= 41) and the most used category was “fence stake” (19.5%) (Fig. 2). In the Cerrado sensu
stricto (SCNP surroundings), the niche width of T. hispidus in conserved areas was 5.97 (with
adjusted - 0.85, n = 63) and the most frequently used microhabitat category was “tree trunk”
(28.5%). In agricultural areas, the niche width was 2.59 (with adjusted - 0.41, n = 71) and the
most frequently used microhabitat categories were “fence stake” (23.9%) and “rock™ (23.9%)
(Fig. 2). Some categories have changed in frequency of use between conserved and
agricultural areas, such as “fence stake” (higher in agriculture) and “tree trunks” (higher in
conserved vegetation) (Fig. 2). It was not possible to perform the statistical analysis for

Relictual Humid Forest (Fig. 2C) due to the small sample size in conserved areas (n = 2).

DISCUSSION

Abundance of lizards.—We corroborate our hypothesis of increased abundance of T.
hispidus in agricultural areas only in the general analysis and in Relicitual Humid Forest.
Tropidurus hispidus is a habitat and diet generalist, and is among the most abundant species

in natural areas of Caatinga sensu stricto (Vitt et al. 1995; Gongalves-Sousa et al. 2019). The



106

species is typical of open formations (Ribeiro-Janior 2015), which explains its lower number
in areas of conserved vegetation in Relictual Humid Forest. In these environments, it is found
mainly in forest edges (Albuquerque et al. 2018), as the interior of the forest may restrict the
necessary conditions for thermoregulation and, consequently, obtaining food. Considering
that the abundance of T. hispidus suffered less intense changes in more open vegetation areas
(Cerrado sensu stricto and Caatinga sensu stricto in relation to Relictual Humid Forest), the
species may benefit more from conversion of Relictual Humid Forest pristine vegetation into
agricultural areas. However, in Cerrado sensu stricto and Caatinga sensu stricto areas, the
species also did not show a decline and maintained abundance with agricultural land use. The
increase in abundance of generalist species is observed in different groups of organisms
associated with agricultural land use (e.g. birds — Macgregor-Fors 2017; bees - Flores et al.
2017; lizards - Sutton et al. 2014). The success of some species in surviving in anthropic
environments may be associated with more suitable conditions for them, such as less
competition (Des Roches et al. 2011) and greater availability of resources (Marques et al.
2020).

Parasitism.— We corroborate our hypothesis of reduction in abundance and prevalence of
heteroxenous helminths in agricultural areas, and not of monoxenous species. The abundance
and prevalence of monoxenous parasites were higher in agricultural areas, while that of
heteroxenous parasites were higher in conserved areas. Changes in parasitism rates in
anthropized environments may be related to parasite life cycle, quality of available resources
and aggregation, and condition of hosts (revision in Becker et al. 2015). In literature, an
increase in rates of parasitism with intensification of disturbance is constantly identified
(Mckenzie and Townsend 2007; Portela et al. 2020). However, when it is not taken into
account that different life cycle species can be affected differently by anthropization, the
effect on parasites can be masked. Heteroxenous helminth species are generally more affected
by anthropization than monoxenous ones. The heteroxenous P. lutzi and S. oscari, for
example, had a reduction in abundance and prevalence in agricultural areas, while
Parapharyngodon largitor, a generalist monoxenic species (Avila and Silva. 2010; Avila et

al. 2011), benefited from anthropization, with an increase in abundance in agricultural areas.

Heteroxenous parasites that have lizards as definitive hosts are mainly obtained through diet
(Anderson 2000), and the simplification of habitat through the conversion of natural
vegetation into agricultural areas is among the factors that comprise the loss of biodiversity
(e.g. Flores et al. 2017; Rogan and Lacher Jr. 2018). Associated with this, the use of
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pesticides is another factor related to the decrease of parasitism in agricultural areas (King et
al. 2007). While we did not collect data about pesticides in agriculture areas; we found
incorrectly discarded packaging, denouncing the use of pesticide in crops. We also found
packs of insecticides based on acephate and cypermethrin, substances that can eliminate
various insect species (Cefanol, 2020; Cyptrin Prime, 2021). Tropidurus hispidus
predominantly consumes insects (Ribeiro and Freire 2011), so it is possible that the lower
abundance of heteroxenous parasites in agricultural areas, beyond habitat simplification, is
related to the decrease in insect population. Since the insect diet is related to helminthofauna
in lizards (Silva et al. 2019), it is possible that a change in the availability of resources could
affect the consumption of intermediate hosts through the loss of species biodiversity
(Marcogliese et al. 2009; Becker et al. 2015). Evaluating how the arthropods that makes up
the diet is affected by the agricultural land use can help to better understand how

heteroxenous parasites are affected by anthropization.

Monoxenous parasites are less harmed because they do not need an intermediate host for
reproduction (King et al. 2010). Additionally, it is possible that a reduction in the immune
response of hosts in anthropized areas may increase the spread of these parasites (e.g. Garcia
Neto et al. 2020). We must take into account that, in addition to land use, the characteristics of
the environment can also influence ecological aspects of species (Albuquerque et al. 2018).
Therefore, analyses for each individual area of study is required, in order to further
understanding the patterns. Before generalizing patterns for different related taxa, it is also
important to consider that responses to parasitism can be species-specific. For example, there
was an increase in the intensity of parasitism in urban environments for the lizard Anolis
sagrei, but not for its congener, A. cristatellus , thus demonstrating that these responses

may be species-specific (Thawley et al. 2019).

Space niche width and microhabitat use.— We do not support the hypothesis of an
increase in the special niche of T. hispidus in agricultural areas. We did not register a pattern
of variation in niche width of T. hispidus between conserved and agricultural areas, in the
different concomitantly studied regions. In the PNU surroundings (Caatinga sensu stricto and
Relictual Humid Forest) there was a considerable increase in niche width in agricultural areas;
in the AES (Caatinga sensu stricto) and PNSC surroundings (Cerrado sensu stricto) there was
a reduction in niche width. Tropidurus hispidus is a generalist species and can adapt well to
new types of environments (Andrade 2019). It is likely that increased density, reduced

competition, and predation are aspects that can expand the organism's niche width, although
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this correlation is not always recorded (Novosolov et al. 2017). It is possible, however, that
lizards show changes in the category of microhabitat used between sites with a greater or

lesser degree of modification (Pelegrin et al. 2013), which we identified in this study.

We corroborate the hypothesis of differences in microhabitat use classes between conserved
and agricultural areas for some microhabitat use categories. In conserved areas, the
microhabitat tree trunks were used more than in areas of agriculture, and in agricultural areas
fence stake was used more than in conserved areas, for example. In urban areas, the
preferential use of anthropogenic substrates has also been registered for this species (Andrade
2019), possibly due to changes in resource availability. Trees, for example, are less frequently
found in agricultural areas, while anthropogenic microhabitats such as fence stakes and walls
are found only in anthropogenic areas. The microhabitat most used in agricultural areas, fence
stakes, are predominantly located on the edge of these environments. The assessment of how
the interior of agricultural areas houses the T. hispidus contributes to understanding how

large-scale agricultural crops can affect the survival of this species (Biaggini and Corti 2021).

In this study, we identified that agricultural land use can increase (Relictual Humid Forest
and general analyses), or maintain (Caatinga stricto sensu and Cerrado sensu stricto), the
abundance of the generalist lizard Tropidurus hispidus, even with the increase in disturbance
level, in relation to conserved areas. As for helminth parasites, the heteroxenous species were
more harmed by anthropization and the monoxenous species were more benefited. Although
we have not identified a difference in the spatial niche amplitude between the different areas,
we identified a distinct predominance of microhabitat use between areas, which may reflect
the availability of resources between these different environments (agricultural area or
conserved vegetation). In this way, we have broadened our knowledge on various aspects of
the species’ biology in response to agricultural land use, which contributed to a better
understanding of how environmental disturbances affect ecological aspects of Neotropical

generalist lizards.
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Tables

TABLE 1. Environmental descriptors of the studied areas. Rainfall and altitude refer to the
annual average. Rain. - rainfall, Alt. - Altitude. UNP - Ubajara National Park; AES - Aiuaba
Ecological Station; SCNP - Sete Cidades National Park. Sources: Ipece Aiuaba (2017), Ipece
Freicheirinha (2017), Ipece Ubajara (2017), Santos (2018).

Research area Phytophysiognomies Rain. (mm) Alt. (a.s.l)
UNP surroundings Relictual Humid Forest 1483.5 847.5
UNP surroundings Caatinga sensu stricto 1139.2 121
AES surroundings Caatinga sensu stricto 568.4 466

SCNP surroundings Cerrado sensu stricto 1337 100 - 280




TABLE 2. Results of abundance (GLMM) and prevalence (Z Test) analyses of parasites

between conserved and agricultural areas. MON — Monoxenous; HET — Heteroxenous.

Abundance Prevalence
General Analysis Estimate Z P Xz P
Heteroxenous -0.74 -512 <0.001 8.6 0.001
Monoxenous 0.9 9.87 <0.001 438 0.01
Analysis by species
Parapharyngodon largitor (MON) -0.87 -5.11  <0.001 3.7 0.03
Physaloptera lutzi (HET) 0.7 6.08 <0.001 4.2 0.01
Strongyluris oscari (HET) 1.34 7.85 <0.001 4.9 0.01
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Figures

FIGURE 1. Sampling points in different study areas. Surroundings of Aiuaba Ecological
Station (A), Surroundings of Sete Cidades National Park (B), Surroundings of Ubajara

National Park (C). Green circles — Conserved areas, pink square — Agricultural areas.
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FIGURA 2. Microhabitat categories used by Tropidurus hispidus between the study areas in

environments of conserved vegetation and agriculture. (A) Caatinga sensu stricto (AES

Surroundings), (B) Caatinga sensu stricto (UNP Surroundings), (C) Relictual Humid Forest
(UNP Surroundings), (D) Cerrado sensu stricto (SCNP Surroundings). ES — Exposed soil, FT
- Fallen trunk, LL — Leaf litter, ROC — Rock, SBV — Soil between vegetation, ST — fence

stake, TER — termite nest, TT — tree trunk, WA — wall. * - Indicates the difference between

conserved and agricultural areas in microhabitat use.
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APPENDIX TABLE. Parasite composition registered in Tropidurus hispudus by disturbance level. Ag — Agricultural areas; Con — Conserved

vegetation; MA — mean abundance; PR — prevalence (%); RHF — Relictual Humid Forest.

Caatinga sensu stricto (UNP)

Caatinga sensu stricto (AES)

Cerrado sensu stricto (SCNP) RHF (UNP)

Parasite/Life cycle Ag (n =16) Con (n =14) Ag (n =28) Con(n=24) Ag (n=22) Con(n=11) Ag (n=13)
MA PR MA PR MA PR MA PR MA PR MA PR MA PR
ACANTHOCEPHALA (cystacanths)
Centrorhynchus sp. 0.06£0.2 5.8 - - - - - - 0.041+0. 45 - - - -
(HETEROXENOUS) 5 21
(0-1) (0-1)
CESTODA
Oochoristica spl. - - - - - - - - 0.041+0. 45 - - - -
(HETEROXENOUS) 21
(0-1)
Oochoristica sp2. - - - - - - 0.04£0.2 4.2 - - - - - -
(HETEROXENOUS) (0-1)
Oochoristica cf. travassosi  0.12+0.5 5.8 - - 003018 35 0.12+0.3 83 0.04+0.2 45 04515 9 - -
(HETEROXENOUS) (0-2) (0-1) (0-1) 1 (0-5)
(0-1)
Oochoristica cf. vanzolini - - - - 007026 7.1 0.16+£0.6 125 - - - - - -
(HETEROXENOUS) (0-1) 3



NEMATODA
Falcaustra sp.
(HETEROXENOUS)
Oswaldocruzia sp.
(MONOXENOUS)

Parapharyngodon largitor
(MONOXENOUS)

Parapharyngodon
sceleratus
(MONOXENOQUS)
Physaloptera lutzi
(HETEROXENOUS)

Rhabdias sp.
(MONOXENOQUS)

Skrjabinellazia sp.
(HETEROXENOUS)

0.37+1.0
2
(0-3)
4.25+ 6.8
(0-27)

1.87£2.6
(0-9)

0.06+0.2

(0-1)

11.7

70.5

52.9

5.8

0.2+0.4

(0-1)
0.5+0.8
5 (0-3)

4+10.5
(0—40)

21.

35.

50

1.7x2.7
(0-11)

2.645.9
(0-15)

46.4 158+3.3 33.3 0.45%0.9

57.1

(0-3)

(0-14)

4545.1
(0-16)

0.04£0.2
(0-1)

75

4.2

1
(0-3)
1.243.9
(0-18)

0.8+1.7
(0-5)

0.18+0.6
(0-2)

0.18+0.6
(0-2)

6.09+16.
4
(0-55)

9

27.3
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6
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Spauligodon cf.
oxkutzcabiensis
(MONOXENOQUS)
Strongyloides sp.
(MONOXENOQUS)
Strongyluris oscari
(HETEROXENOUS)

TREMATODA
Mesocoelium monas
(HETEROXENOUS)

Paradistomum
parvissimum
(HETEROXENOUYS)

0.06+0.2
5
(0-1)

0.06+0.2
5
(0-1)

- 1.+4
(0-15)

58 2.5+4.8
(0-16)

- 0.35+1.

(0-5)

7.1

42.
8

1.6+4.5
(0-17)

214 0.4%155
(0-7)

- 0.18#05
(0-2)

16.6 0.18+0.5
(0-2)

13.

6

13.

6

3.3+5
(0-13)

36.4
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5 CONCLUSAO

Nesta tese analisamos como mudanc¢as no estagio de regeneracdo da vegetacao
nativa e no uso do solo para agricultura afetam a diversidade taxondmica e funcional de lagartos
em diferentes tipos de vegetagdo no dominio Caatinga. Também investigamos como a
diversidade beta é afetada e se existe homogeneizacdo bidtica em escala regional. Por fim
avaliamos como uma espécie de lagarto generalista é afetado em alguns aspectos ecoldgicos
por estas mudancas. ldentificamos que algumas métricas, como equitabilidade (redugdo mais
frequente em estagios mais precoces de regeneracao e areas agricolas) e abundancia (aumento
mais frequente em estdgios mais precoces de regeneracdo e areas agricolas) respondem as
mudancas similarmente entre diferentes tipos de vegetacéo. Deste modo podemos concluir que
taxocenoses sobre intenso uso do solo tendem a ter uma distribuicdo mais desigual na
abundancia das espécies e que esta abundancia tende a aumentar por um acréscimo desigual
entre as espécies, sendo maior em espécies bem adaptadas a degradacéo ambiental, como foi o

caso de A. pyrrhogularis.

Registramos um padrdo divergente para a riqueza de espécies entre os diferentes
tipos de vegetacdo, com uma reducdo em uma das areas de Caatinga e aumento na Floresta
Umida Relictual em areas de agricultura. A primeira ocorreu possivelmente pela perda de
especies arboricolas como L. klugei e H. brasilianus e a segunda foi marcada por uma intensa
substituicdo de espécies, levando a perda de espécies endémicas (E. bibronii) e relictuais (C.
nigropunctatum e N. fuscoauratus) e ao acréscimo de espécies generalistas e amplamente
distribuidas (e.g. A. pyrrhogularis, A. ameiva e T. hispidus). Deste modo, identificamos que
tanto a perda de espécies como 0 acréscimo podem ser um indicativo de impacto ambiental e
reforcamos a necessidade de se avaliar outras métricas, que nao apenas a riqueza de espécies

em isolado, para inferir o efeito de impactos ambientais.

Registramos mudancas na dissimilaridade de espécies entre areas preservadas e
areas de agricultura na Caatinga e em todos 0s estagios de regeneracao da vegetacdo nativa na
Floresta Umida Relictual. Isso demonstra que na Caatinga é necessario um maior nivel de
disturbio para gerar mudancas significativas na composicdo de espécies, e que na Floresta
Umida Relictual essa mudanga ocorreu mesmo em estagios mais avancados de regeneracéo da
vegetacdo nativa. N&o registramos mudancas no Cerrado. O Cerrado é um ambiente
naturalmente aberto, que sofre com a acdo do fogo, e no caso desta area de estudo trata-se de
um ambiente marginal, em contato com a Caatinga. Assim, devido a estes aspectos de tenséo é

possivel que as espécies sejam menos afetadas por mudancas ambientais, devido as alteragdes
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pretéritas ja sofridas. Entretanto, no Cerrado também registramos reducdo da equitabilidade
com as mudancas no estagio de regeneracdo da vegetacdo nativa e uso do solo para agricultura,
0 que sugere que mesmo com a auséncia de mudangas na composicao e riqueza de especies,
areas mais antropizadas sdo menos resistentes a alteracdes ambientais em funcdo da menor

equitabilidade.

Em escala regional registramos homogeneizacdo taxondmica em areas de
agricultura e de vegetacdo secundéria fechada, mas ndo registramos homogeneizagéo funcional.
A homogeneizagdo taxondmica ocorre quando hd um aumento na similaridade entre as
espécies, assim areas de mais intenso nivel de uso do solo foram mais homogéneas mesmo entre
diferentes tipos de vegetacdo que areas de vegetacdo preservada. Esta perda de diversidade,
entretanto, ndo foi acompanhada de homogeneizacdo funcional, o que podemos atribuir a

fatores como redundancia funcional, mas que ainda precisam ser testados.

Por fim, identificamos mudancas em alguns aspectos ecoldgicos do lagarto
generalista Tropidurus hispidus com o uso do solo para agricultura. Registramos aumento da
abundancia em areas agricolas na analise regional e localmente, na Floresta Umida Relictual.
Nos demais tipos de vegetacdo, apesar de ndo haver aumento da abundancia também néo houve
reducdo, 0 que sugere que esta espécie ndo € afetada negativamente em sua abundancia em
areas agricolas. Quanto ao parasitismo, identificamos um aumento de monoxénicos em areas
agricolas e reducdo de heteroxénicos, o que demonstra que parasitos com diferentes tipos de
ciclo de vida podem ser afetados diferentemente pela antropizacdo. Acerca do uso do
microhabitat, ndo identificamos mudancas concomitantes na largura do nicho espacial de T.
hispidus com o uso do solo para agricultura, sugerindo que a espécie apresenta versatilidade no
uso do microhabitat. Além disso, seu microhabitat preferencial pode variar, dependendo,

possivelmente da disponibilidade deste recurso.

Esta tese contribui para o preenchimento de lacunas acerca de mudancas no estagio
da vegetagdo nativa e uso do solo para agricultura em taxocenoses de lagartos, e englobando
diferentes tipos de vegetacdo demonstra o qudo amplo estes padrdes podem ser. Deste modo,
abrangendo diferentes facetas da diversidade e analises em diferentes escalas esperamos
colaborar com um panorama mais amplo acerca dos efeitos de impactos ambientais sobre a

fauna.
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