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Wanderley, Theo Branco de Oliveira; MSc; Universidade Federal Rural de Pernambuco;
fevereiro de 2020; EFEITOS POSITIVOS DE UMA PLANTA INVASORA: EVIDENCIAS
DO AUMENTO NA SOBREVIVENCIA E DIMINUICAO DA HERBIVORIA DE
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Resumo

As espécies invasoras sdo uma das principais ameacas a biodiversidade do mundo e varios
estudos resultaram em literatura tradicional focada principalmente em seus efeitos
negativos. No entanto, um namero crescente de estudos sobre plantas invasoras fornece
evidéncias de que elas também podem ter impactos positivos nos ecossistemas,
contribuindo para a restauracdo de suas fungdes e no aumento da biodiversidade, com
efeitos paradoxais sendo relatados por estudos realizados em diferentes escalas
geograficas. E fundamental compreender como as plantas invasoras afetam as
comunidades naturais para informar melhor as acfes de conservacdo, reduzindo a
incerteza sobre como gerenciar organismos invasores. Em nosso estudo, usamos uma
abordagem experimental para investigar o efeito a curto prazo (seis meses) de uma planta
invasora espalhada globalmente (Tradescantia zebrina) em comunidades nativas de uma
area protegida. Analisamos mecanismos envolvidos na dindmica populacional e presséo
de predacdo, bem como padrdes de diversidades entre parcelas com diferentes densidades
da planta invasora. Encontramos um aumento de até 55% na sobrevivéncia das plantas
nativas em parcelas com menor densidade de zebrina quando comparadas as parcelas sem
zebrina. Em parcelas com maior densidade de zebrina, a herbivoria foliar total diminui
57% e a rigqueza das plantas aumenta em até 50% em relacdo as parcelas ndo invadidas e
32% em parcelas com baixa invasdo. Essas descobertas enriquecem a discussdo sobre 0s
mecanismos da comunidade afetados por uma planta invasora, sua diregdo e sua
intensidade, aumentando a crescente evidéncia de que o campo de invasao biolégica pode
conciliar efeitos multidirecionais como a facilitagdo inicial, mesmo que posteriormente

interacdes competitivas se sobreponham e ameacem a biodiversidade.

Palavras-chave: Tradescantia zebrina, Espécie exdtica, Regeneracdo, Floresta

Atlantica, Facilitacao.
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Abstract

Invasive species are one of the world's major threats to biodiversity and it has been widely
studied resulting in traditional literature focused mainly on negative relationships.
However, an increasing number of studies on Invasive Alien Plants provide evidence that
it may also have positive impacts on ecosystems, contributing to the restoration of
ecosystem functions and the increase of biodiversity, with paradoxical effects being
reported by studies conducted on different geographic scales. Understanding how non-
native invasive plants effects natural communities is paramount to better inform
conservation actions, reducing the uncertainty about how to manage invasive organisms.
In our study, we used an experimental approach to investigate the short-term effect (six
months) of Tradescantia zebrina, a globally spread invasive plant, on native communities
of a protected area. We analyzed mechanisms involved in population dynamic and
predation pressure, as well as diversities patterns among plots with different densities of
the invasive plant. We found up to 55% increase in native plant survival in plots with
lower density of zebrina when compared to plot with no zebrina. On higher zebrina
density plots the total leaf herbivory decreases 57% and plant richness increases up to
50% than non invaded plot and 32% than low invaded plots. These findings enriching the
discussion about community mechanisms affected by an invasive plant, its direction and
its intensity in the short-term adding to the growing evidence that biological invasion field
can conciliate multi directional effects, such as facilitates interactions in initial stages
even if on broader timescale and on last stage invasion it becomes high competitive and

danger to biodiversity.

Keywords: Tradescantia zebrina, Exotic species, Regeneration, Atlantic forest,

Facilitation.



1. Introducéo Geral

1.1. Objetivos e Questionamentos

Neste trabalho propomos entender o efeito de uma planta invasora na comunidade
de plantas nativas, mais especificamente nas populagdes, diversidade de plantas nativas
e nas relagdes troficas, contribuindo para o campo tedrico da invasao bioldgica. Para isso
nos utilizamos como modelo a espécie Tradescantia zebrina ex. Bosse, uma planta nativa
da Ameérica Central e considerada exdtica invasora em todos os continentes abrangendo
diversas ilhas oceanicas (GBIF, 2017). No Brasil a zebrina esta presente em ao menos 19
estados (PELLEGRINI, 2018).

NOs buscamos esclarecer o processo de invasdao integrando questfes-chave
sugeridas por GALLIEN & CARBONI (2017), como: demografia, interacdes
multitroficas e os impactos na diversidade de espécies nativas. Assim, buscamos
responder: (i) Qual o efeito da invasdo bioldgica na dinamica de populacional das espécies
nativas? (ii) Qual o efeito da invasao bioldgica na diversidade das comunidades de plantas
invadidas? (iii) Como a invasdo bioldgica afeta a pressdo de predacdo das comunidades
de plantas invadidas? Nossas hipoteses sdo que: H(i) - A T. zebrina afete negativamente
a germinacao e sobrevivéncia de plantas nativas; H(ii) — A T. zebrina diminua a riqueza
de plantas cause homogeneizacdao bidtica nas comunidades invadias; H(iii) — A T. zebrina

diminua a herbivoria dentro das comunidades invadidas.

1.2. Estratégias de Pesquisa

Estudos que se propdem entender o processo de invasdao em ambiente natural
geralmente empregam abordagens observacionais (STRICKER; HAGAN; FLORY,
2015) e apesar do seu potencial para generalizagdo (por poderem ser realizados em
grande escalas), existem limitacOes para entender se o observado é um efeito da invaséo
ou se a invasdo seria um sintoma secundario (MACDOUGALL; TURKINGTON, 2005).
A abordagem experimental em campo, utilizada nesse estudo, seria uma alternativa para
contornar esta questdo. Ela possibilita manipular as condi¢fes importante para a invaséo
biolégica, como o estabelecimento inicial das plantas (Efeito de Prioridade, FRASER;
BANKS; WATERS, 2015; WILSEY; BARBER; MARTIN, 2015) sem abrir méo
interacbes complexas de serem replicadas em laboratério, como a influéncia de uma
variedade de herbivoros influenciando na pressdo de predacdo e fitness das espécies
(KEANE; CRAWLEY, 2002; LIU; STILING, 2006).
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Decidimos que para entender melhor os efeitos da invasdo na comunidade
deveriamos considerar uma abordagem ndo binaria (presenca ou auséncia da planta
invasora), ja que o processo de invasdo envolve questdes denso dependentes, como as
densidade populacional iniciais da planta invasora (POWELL; CHASE; KNIGHT, 2013).
Assim, determinamos tratamentos com trés diferentes densidades da zebrina,
representando diferentes estagios de invasdo, incluindo um controle sem a presenca da
planta invasora. Para determinar as densidades a serem utilizadas em cada tratamento
consideramos questdes fisioldgicas das plantas e logisticas em campo, como o transplante
das plantas no menor intervalo de tempo entre o local original e a parcela a serem

replantadas, reduzindo assim estresses sobre as plantas.

Por se tratar de um experimento de campo e para minimizar o efeito de fatores néo
controlados no desenho experimental incluimos medicdes relacionadas a heterogeneidade
do habitat, como a disponibilidade de luz, nutrientes e propriedades do solo (CRAINE;
DYBZINSKI, 2013). No6s replicamos nossos tratamentos espacialmente em um desenho
em blocos distribuido aleatoriamente ao longo de trilhas na area de estudo. Também foi
necessaria a remo¢do da vegetacdo, serapilheira e camada superficial de raizes das
parcelas para garantir que os efeitos observados eram dos nossos tratamentos e ndo de

fatores pretéritos ao transplante.

A decisdo de acompanhar o experimento temporalmente, com visitas de coletas a
intervalos de 15 a 20 dias, garante que variacbes temporais sejam registradas,
considerando que tais variagdes sdo necessarias para entender mudancas na dire¢do do
efeito da invasdo (DAVIS; GRIME; THOMPSON, 2000; GALLIEN; CARBONI, 2017).
O acompanhamento temporal também foi necessario pois um Unico registro das
comunidades ndo seria capaz responder a questfes dependentes do tempo, como as taxas

de germinacdo, a sobrevivéncia e o processo de herbivoria.

A decisdo de usar morfoespécies baseadas em padrdes foliares para as analises
de diversidades partiu da dificuldade técnica de identificar taxonomicamente plantas
recém germinadas que ndo apresentam estruturas reprodutivas. Utilizamos um limite
minimo de 5 cm para selecionar plantulas com folhas minimamente desenvolvidas para
identificacdo por morfotipagem. A sobrevivéncia observada e as taxas de germinagdo
foram registradas contabilizando todas as plantas nativas presentes nas parcelas,

independente do morfotipos ou comprimento. A sobrevivéncia foi calculada
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considerando o total de plantulas em cada parcela, descrevendo o sucesso das populacdes
em sobreviver ao meio; enquanto as taxas de germinagéo foram o resultado da quantidade

de plantas germinadas na visita n, menos as plantas germinadas na visita n-1.

O célculo das taxas de dano foliar (proxy para herbivoria) foi realizado sem
comprometer as folhas para a proxima coleta de dados, uma vez que o experimento foi
replicado temporalmente. Para isso utilizamos fotografias das folhas vivas utilizando
cartdes em fundo branco e com escala, evitando a remocéo das folhas. Para medir o dano
foliar estimado consideramos a “area esperada” da folha saudéavel, conectando as regides
danificadas nas bordas e criando um poligono convexo. Acreditamos que apesar de
conservador esse método proporciona mais confiabilidade e replicabilidade, pois a “area

esperada” da folha ndo ¢ desenhada arbitrariamente.

1.3. Estrutura da Dissertacao
A presente dissertacdo possui como capitulo principal um artigo a ser submetido
para a revista “Biological Invasion”, com titulo “Short-term effect of an invasive plant on
native community richness, seedling abundance and herbivory”. Para o desenvolvimento
do texto nos utilizamos a método IMRAD, acrénimo de Introducdo, Métodos, Resultados
e Discussdo. O desenvolvimento do trabalho dentro de cada secdo orientou-se

sequencialmente, seguindo as seguintes predicdes (Figura 1).
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Figura 1. Mapa de variaveis e suas relacdes, com as predi¢des (1) T. zebrina diminui as
taxas de germinagdo das plantas nativas; (2) T. zebrina diminui a sobrevivéncia das
plantas nativas; (3) T. zebrina diminui a diversidade de plantas nativas; (4) T. zebrina
reduz a diversidade beta das comunidades nativas; (5) T. zebrina aumenta o dano foliar

das comunidades nativas.
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2. Fundamentacdo Teorica

2.1.Crise na Biodiversidade
A capacidade do ser humano em descaracterizar habitats pela degradagéo das suas
caracteristicas fisicas e quimicas (ex: desmatamento e fragmentacdo florestal) tem sido
0s maiores fatores de perda de biodiversidade no planeta (CHAPIN, et al., 1998). Todos
estes distlrbios que resultam na degradacdo e perda de habitat, tém submetido
comunidades bioldgicas a filtros ambientais altamente limitantes para suas populacdes
(DUFFY, 2003).

A extincdo de espécies devido a alteracdes geofisicas e geogquimicas nos niveis de
sistemas globais tem feito muitos cientistas considerarem o inicio de uma nova era
geoldgica chamada “Antropoceno”, na qual o ser humano atua como uma forca
geotransformadora (CRUTZEN, 2006; STEFFEN et al., 2011a; STEFFEN; CRUTZEN;
MCNEILL, 2007). Porém ¢ valido ressaltar que a histdria da interacdo do ser humano
com o ambientais e efeitos negativos desta interacdo nao remetem apenas aos ultimos trés
séculos, relacionados ao inicio das revolugdes industriais. Modificacbes ambientais e
extin¢Bes de espécies vém ocorrendo desde o tempo dos nossos ancestrais hominideos,
temporalmente correlacionadas com atividades de caca e modificagdes ambientais para
aquisicdo de recursos (STEFFEN et al., 2011b).

A extingdo de espécies e perdas populacionais tem atingido niveis tdo altos que
considera-se que estamos passando pelo 6° evento de extincdo em massa no planeta
(BARNOSKY et al., 2011). Célculos conservadores mostram que no altimo seéculo
perdemos cerca 200 espécies de vertebrados. Quando comparado a nimeros médios de
extinces nos registros fosseis dos ultimos 2 milhdes de anos, a perda de 200 espécies
seria considerada “normal” apenas em uma janela de tempo de 10.000 anos (CEBALLOS
et al., 2015; MCKINNEY; LOCKWOOD, 1999). A problematica da degradacédo
ambiental torna-se ainda mais preocupante quando areas de grande biodiversidade estdo
sobrepostas com areas degradadas ou ameagadas por agdes antropicas (MYERS et al.,
2000; SECHREST et al., 2002).

2.2. Homogeneizagéo Bidtica e Invaséo Biologica
Quando as populagdes ndo conseguem sobreviver e se manter frente aos novos
filtros ambientais ou entdo existe perda de espécies que sao competitivamente inferiores

a aquelas resistentes & mudancas (CLAVEL; JULLIARD; DEVICTOR, 2011; RADER
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et al.,, 2014), ocorre um processo chamado de homogeneizacdo biologica. Esta
problematica torna-se mais urgente quando inserimos o ser humano ou suas atividades
como agentes dispersores (SIMBERLOFF, 2009). A dispersdo de espécies para areas fora
de sua distribuicdo natural pode resultar em seu estabelecimento em comunidades com
historias evolutivas diferentes, onde estas sdo consideradas espécies exoticas, e quando
estas sdo capazes de se estabelecer, tornam-se invasoras (SERRANO-CINCA;
FUERTES-CALLEN; MAR-MOLINERO, 2005).

Uma vez que alcancam novos ambientes, o sucesso do estabelecimento das plantas
exoticas pode se dar pelo nivel de perturbacdo da comunidade invadida, pela diversidade
de espécies nativas, pela capacidade de propagacdo da espécie invasora, pela pressao de
predacdo, flutuacdo de recursos, entre outros (DAVIS; GRIME; THOMPSON, 2000;
KEANE; CRAWLEY, 2002; LAKE; LEISHMAN, 2004; LEVINE et al., 2003; VON
HOLLE; SIMBERLOFF, 2005). Porém, ainda estamos comecando a entender a

importancia relativa destes fatores e a direcao de seus efeitos sobre a comunidade nativa.

2.3. Dualidades e Mecanismos

Apesar do pressuposto negativo da invasdo biologica em relacdo a diversidade de
espécies nativas e até mesmo a processos de sucessdo (FLORY; CLAY, 2010), a invasdo
biologica ndo é sempre negativa. Plantas invasoras podem agir como facilitadoras
aumentando a disponibilidade de recursos limitantes e criando um efeito de liberagéo de
predadores ao diminuir populac@es de niveis troficos superiores (RODRIGUEZ, 2006).
Estas podem ainda servir para fins de restauracdo de func@es ecossistémicas, ao aumentar
a complexidade estrutural do habitat e recriar nichos (EVINER et al., 2012;
SCHLAEPFER, 2018; SCHLAEPFER; SAX; OLDEN, 2011).

Outro exemplo da falta de consenso na area da invasdo biolégica € o efeito da invasao
biologica em diferentes escalas de habitat, conhecido como Paradoxo da Invasdo
(FRIDLEY et al., 2007). O Paradoxo da Invasdo demonstrou que em pequenas escalas
espaciais existe uma relacdo negativa entre a diversidade de plantas e a invaséao bioldgica,
enguanto em maiores escalas a invasdo bioldgica estd relacionada com a maior
diversidade de plantas. Posteriormente ALTIERI et al. (2010) relaciona os efeitos

positivos observados em grande escala como a consequéncia de uma cascata de

15



facilitacdo trofica que beneficia a diversidade atraves de espécies engenheiras que alteram

propriedades do habitat.

A questdo da facilitacdo dentro da problematica de espécies invasoras tem recebido
maior atengao para tentar entender a falta de unanimidade nas consequéncias da invasao
bioldgica. Entender os meios, quais 0s mecanismos envolvidos na invasdo bioldgica e
estudar outras dimensdes além dos padrdes de diversidade é essencial para entender os
resultados multidirecionais deste processo (GARCIA-DIAZ et al., 2015). Estudar como
0s mecanismos envolvidos na invasdo biolégica geram efeitos multidirecionais séo de
grande valor para informar estratégias de manejo das espécies invasoras (RODRIGUEZ,
2006; ZAVALETA; HOBBS; MOONEY, 2001).

2.4.Aspectos Socioecoldgicos da Invasédo

O uso plantas ndo-nativas pelos seres humanos, com para fins medicinais, na
culinaria, extracdo de recursos, decoragdo e até mesmo para conexao afetiva, acarreta na
dispersdo artificial de varias espécies pelo globo, seja de forma intencional ou nédo
(MARTINEZ; MANZANO-GARCIA, 2019; MAZUMDAR; MAZUMDAR, 2012;
SIMBERLOFF, 2009). Ao se estabelecerem, estas espécies prestam servicos a
populacdes locais, que podem fazer o uso diarios dos recursos agregando a elas um valor
de uso independente da sua origem (SOUZA et al., 2018). Desta forma, quando séo
avaliadas solucdes de manejo para a retirada de espécies invasoras, € fundamental a
avaliacdo dos seus usos e da importancia relativa da espécie para a populacdo local
(BARDSLEY; EDWARDS-JONES, 2006).

Apesar do estabelecimento dessas plantas estarem atrelados ao uso de comunidades
locais dos recursos disponibilizados, também existem efeitos negativos atrelados a
presenca de espécies invasoras ou exdticas, como a perda de areas de pastagens e perdas
nas produces (NGORIMA; SHACKLETON, 2019). Tais efeitos negativos ndo séo
observados apenas em comunidades locais, se estendendo a grandes producdes e
monoculturas. De acordo com pesquisas da Gltima década, a presenca de plantas invasora
acarretam de forma direta ou indireta perdas econémicas anuais de 335 bilhdes de dolares
em paises como Brasil, Estados Unidos, Reino Unido, Austrélia e india (PIMENTEL et
al., 2001).
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O estabelecimento de plantas invasoras e usos desses recursos por populacées locais,
podem ainda resultar em conflitos em areas de preservacdo, como quando restricdes do
uso dessas areas sdo feitos sem considerar as demandas das comunidades locais
(BARDSLEY; EDWARDS-JONES, 2006) Nessas situacdes a participacao da populacado
¢ fundamental para a resolucdo dessas problematicas, garantindo o uso sustentavel dos

recursos sem prejudicar a biodiversidade alvo de protecéo.
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Abstract

Invasive species are one of the world's major threats to biodiversity and it has been
widely studied resulting in traditional literature focused mainly on its negative effects on
natural communities. However, an increasing number of studies on invasive alien plants
provide evidence that it may also have positive impacts on ecosystems, contributing to
the increase of biodiversity and restoration of ecosystem functions, with paradoxical
effects being reported by studies conducted on different geographic scales. Understanding
how non-native invasive plants effects natural communities is paramount to better inform
conservation actions, reducing the uncertainty about how to manage invasive organisms.
In our study, we used an experimental approach to investigate the short-term effect (six
months) Tradescantia zebrina, a globally spread invasive plant, on the native plant
community of a protected area. We analyzed the mechanisms involved in population
dynamic and predation pressure, as well as the diversity patterns among plots with
different densities of the invasive plant. We found up to 55% increase in native plant
survival in plots with lower density of zebrina when compared to plot with no zebrina.
Under higher zebrina’s density the total leaf herbivory decreases 57% and plant richness
increases up to 50% than non invaded plot and 32% than in simulated low invaded plots.
Our findings enrich the discussion on the community mechanisms affected by an invasive
plant, the direction of its effects and its intensity in the short-term, contributing to the
growing evidence that biological invasion can exert multi directional effects, such as
facilitation of native species on initial invasion stages and competitive interactions on

latter stages.

Keywords
Plant Invasion, Alien Species, Atlantic Forest, Regeneration, Invasive Relative

Abundance.
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Introduction

Biological invasion is one of the major threats to biodiversity in the world (Pejchar
and Mooney 2009). Introduced species have decreased species richness, homogenized
communities, and harmed the ability of nature to provide ecosystem services (McKinney
and Lockwood 1999; Socolar et al. 2016; Hulme and Vila 2017). For instance, invasive
plant species might change soil properties, through allelopathic phytochemicals
production or by removing the symbiotic rhizosphere of native plants, negatively
affecting seed germination and seedlings establishment (Inderjit and Duke 2003; Batten
et al. 2006; Inderjit and van der Putten 2010; Weidenhamer and Callaway 2010; Coats
and Rumpho 2014). Plant invasion may also increase the predation pressure over native
plants, once natives can be a more attractive resource to herbivorous than exotic plants
(Bennett et al. 2011; Maoela et al. 2019).

Despite the negative relationship between non-native and native plant
populations highlighted in the published literature, a growing number of studies add
evidence that invasion could also have positive effects on native populations by
increasing habitat structural complexity (Schlaepfer et al. 2011; Schlaepfer 2018),
nutrient addiction (Quinn and Harrison 1988), and by releasing natural enemies of native
populations through phytochemical production (Kim and Underwood 2015). Due to its
positive impacts on some natural communities, invasive plants can facilitate native
species, contributing to the restoration of ecosystem functions and biodiversity
(Schlaepfer et al. 2011). For instance, invasive trees growing on abandoned meadows has
been observed to promote native species succession and field restoration (Lugo 2004).

The complex interaction between invasive plant species and natural communities
is further complicated by spatial-temporal scale of its effects, such as that contradictory
patterns found by Fridley et al. (2007) demonstrating that at fine scale there is a negative
relationship between native and invasive species richness, while at broad scale this
relationship is positive. With respect to the temporal scale, most studies have only
observed the effect of non-native species in a unique time frame, possibly losing time-
dependents effects (Strayer et al. 2006). Thus, whether invasion effects change over time
scale remains to be explored. Theory predicts that over time invasive plant species will
affect plant dispersion and resource fluctuation, key-factors to invasion theory (Davis et
al. 2000; Richardson and Pysek 2012). Understanding how this species effects natural

communities on different spatial-temporal scales is paramount to better inform
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conservation actions, reducing the uncertainty about how to manage invasive organisms
to avoid its negative impacts (Zavaleta et al. 2001; Rodriguez 2006).

Our study analyzed the effects of a globally invasive herbaceous plant,
Tradescantia zebrina Heynh. ex Bosse (Zenni and Ziller 2011) hereafter referred as
zebrina, on native plant community through time. In Brazil, this species has been
registered in at least 19 states reaching many legal protected areas at all phytogeographic
domains, except for Pantanal (Pellegrini 2018; 13N 2019). Zebrina colonization is
predicted to impact population dynamics, community composition and trophic
relationships through its already evidenced allelopathic, bactericidal, and insecticidal
activity (Pérez and lannacone 2004; Tan et al. 2014; Moura et al. 2018). In fact, negative
effects of zebrina were already reported on native community diversity (Mantoani et al.
2013).

Most studies on impacts of invasive plants are single observational with little
focused on other mechanisms than plant-plant interaction (Strayer et al. 2006; Stricker et
al. 2015). This limitation leaves a lacuna on how invasive plants acts on processes and
mechanisms through time and how it effects native diversity. Therefore, here we
experimentally manipulated the abundance of an invasive species to investigate its effects
on plant population dynamic and multitrophic interactions processes through time.
Specifically, we asked: How does biological invasion (1) influence the native plant
population dynamics, (2) affect community herbivory and (3) affect community
diversity? To answer these questions, we evaluated the following hypothesis: (i) the
invasive species will negatively affect the population dynamics of native plants, (ii)
increases the predation pressure over invaded native communities and (iii) decreases plant
diversity. We thus predict that higher zebrina’s densities will (i.a) decreases seed
germination and (i.b) decreases plant survival; (ii.a) promote higher foliar damages on

native plants and (iii.a) reduces alfa and (iii.b) beta diversity of invaded communities.

Methods
Study Area and Organisms

We conducted the field experiment for six months (from February to August 2019)
at Dois Irmdos State Park (PEDI; Figure 1a), a legally protected area in the state of
Pernambuco, Brazil. The State Parke comprises an area of approximatelyl,200 ha

composed of secondary Dense Ombrophilous vegetation, with Kdppen type “As” climate

(IBGE 2012; SEMAS 2014).
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The invasive plant Tradescantia zebrina is listed as control-priority in the Park’s
Management Plan (SEMAS 2014), occupying at least half of the internal trails. Moreover,
the Park’s Management Plan classified zebrina at the highest level of invasion, its risk
category is described as the lowest one, making zebrina invasion a low priority plant to
be managed at the local. Zebrina reproduces mainly vegetatively by ramets resulting in
high-density patches 15-25 cm high in the forest understory (McGinley 2010) with
potential to shades competitors, potentially suppressing natural succession process (13N
2019).

Experiment Design and Plants Management

We performed a randomized blocks field experiment using three treatments to
manipulate the density of zebrina (Figure 1c): no individuals/m2 (control), 8
individuals/m? (low-density treatment), and 16 individuals/m?2 (high-density treatment).
Treatments were spaced 10-15 meters apart within the blocks and replicated 10 times
along the park internal trails on a minimum distance of 30 m, totaling 30 plots (Figure
1b). All plots were installed in areas with exclusively herbaceous vegetation lower than
30 cm high to avoid over plant suppression on the sorted plots and avoid negative effects
on the preserved area.

Before transplanting the zebrina into the sorted plots we removed the surface
vegetation, litter and roots to minimally guarantee that new germination was due to the
events that took place after transplanting rather than due to seed banks. The individuals
of the invasive plant were collected from four zebrinas’ patches inside the protected area,
where we randomly sorted 60 individuals inside each patch, totalizing 280 ramets. All
procedures were submitted and approved by the competent environmental control agency
(Chico Mendes Institute for Biodiversity Conservation, n°® 69204-1) and Dois Irmaos

State Park Management.
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Figure 1. (a) Map of the State Park Dois Irmdos (green) showing the intern and external
trails (red lines). (b) Location of experimental blocks (white dots) and intern trails (red
lines) inside the Park. (¢) Scheme showing the three zebrina’s treatments (T1: no zebrina,
T2: low zebrina density, T3: high zebrina density) and its spatial arrangement with each
block.

Environmental variables

We collected data on soil properties and light availability at plot level because
they might be important confounding variables. In fact, they are limiting resources that
may hinder or favor plant community development and trophic interactions, directly
interfering with response variables (Tilman 1982; Craine and Dybzinski 2013; McPeek
2019). For soil characterization, we analyzed physical and chemical properties of soil
samples collected from the first 15 cm of soil in the center of each plot (Table S1,
supplementary material). Light availability was measured by canopy hemispheric
photographs on each plot taken once between 8:00 AM and 10:00 PM. The hemispheric
photographs were analyzed using the Gap Light Analyzer 2.0 © software (Frazer et al.
2000) and the canopy aperture percentage values were extracted by applying a blue color
filter and 150 Threshold limits.
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Sampling procedure

Data collection consisted of monitoring the experimental plots on 15-20 days interval (n
= 8 samplings along the six months). On each visit we collected the following data in

accordance to our tree research questions:

How does biological invasion influence native plant population dynamics?

To verify how the invasive plant affects native plant population dynamics, we
counted the number of newly germinated native species per plot on each visit. These
values were used to calculate the native plant’s survival (the total abundance per plot of
germinated plants alive) and germination rate (the nonnegative values of germinated
plants at sampling n minus the number of germinated plants at the immediately previous
sampling, n - 1).

How does biological invasion affect community herbivory?

To calculate herbivory, we marked all newly germinated plants over 5 cm in
length (which presented minimally developed leaves for measuring herbivory and for
morphotype identification) per plot/visit. We also randomly selected and marked (with
straw segments of ~ 5 mm in the sheaths) two healthy leaves per plant and photographed
them on each visit (Figure S2.a, supplementary material). Then, we calculated the
Estimated Leaf Damage — ELD (Lowman 1984) using the “real leaf area (mm)” and
“expected leaf area” (mm) generated by the leaves’ surface analysis on the Adobe®
Photoshop CC 2018 software. The “real leaf area” was calculated using the leaf
boundaries present at the time of collection (Figure S2.b, supplementary material), while
the “expected leaf area” had the damaged regions connected at its edges, forming a
convex polygon (Figure S2.c, supplementary material). The calculation of ELD was

given by:

“expected leaf area” — “real leaf area”
o [ Cexp f f area’)

“expected leaf area”

ELD varies from 0 (no apparent damage) to 0.99 (almost completely damaged leaf).
How does biological invasion affect community diversity?

We used the information obtained from all marked plants (previous sampling) to

calculate alpha diversity as the accumulated number of morphotypes per plot, while beta-
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diversity was measured using an occurrence matrix with the identity and abundance of

the morphospecies (see bellow on Data Analysis).

Statistical analysis

To reduce the number of soil variables and avoid the interference of correlations
among them we performed a Principal Component Analysis (PCA, Table S3,
supplementary material) and retained as predictor variables the two first axes with a
cumulative variation of 80%. We used mixed effect models considering zebrina density
as a fixed independent variable, while block and time were considered random variables
(except for diversities analysis, where time was not included given that the values were
cumulative). The two main axes of soil PCA and canopy opening were included as
covariates.

In addition, we used Generalized Mixed Effect Linear Models (GLMM) with
Poisson distribution to test the effects of non-native density on germination rates
(prediction i.a) and the number of alive seedlings (prediction i.b). To test for differences
on the leaf damage (prediction ii.a) among treatments, we used Mixed Generalized
Additive Models (GAMM) with regular beta distribution and considering only Estimated
Leaf Damage values greater than zero (to analysis considering all Estimated Leaf Damage
values see supplementary material S4).

We also used a GLMM to evaluate the influence of zebrina on native alpha-
diversity among treatments (prediction iii.a). Moreover, the effects of the non-native
species density on beta-diversity (iii-b) were evaluated by using a Bray-Curtis distance
matrix from a Hellinger’s transformation of relative abundances per plot. We analyzed
the distance matrix using Multivariate Permutational Variance Analysis
(PERMANOVA) considering block as random variable (argument strata). All statistical
analyses and models were performed using R Studio (R Studio Team 2019) and the
following packages: car, dplyr, factoextra, FactoMineR, gamlss, ggplot2, Ime4 and

vegan.
Results

We counted 201 germinations with an average rate per plot / visit of 1.8 £ 2.3 and
average plant survival of 2.7 + 3.2 individuals. We identified 18 morphospecies out of 78
individuals, with an overall average of 1.7 + 1.2 morphospecies per plot. The difference

between the number of germinations and identified individuals is because no minimum
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size was used to count germinations, while species identity only accounts for plants larger
than 5 cm. Regarding to foliar damage, we recorded an average damage per individual of
6.35% + 9.6%.

Zebrina density did not affect the germination rates of native species (X?(2, 113)
= 1.56, p = 0.45). However, it did affect seedling survival, with low zebrina density
treatment showing the highest averages (Figure 2), about 55% higher than treatment
without zebrina (Z,156) = 3.9, p < 0.01) and 32% higher than the high density treatment
(Z 2.156) = - 2.7, p = 0.02). There was no difference in plant survival between treatments
with the highest zebrina density and without zebrina (Z,156) = 1,38, p = 0.35). Seedling
survival also varied according to the canopy openness and most irradiated plots had
greater survival (condicional R2 = 0.78, Chisqg (1, 156) = 19.02, p < 0.01). High density
zebrina plots had the most preserved plant leaves ( t(7,95) = 2.62, p < 0.01), presenting
63% less foliar damages than plots without the invasive plant (3.9% vs. 10.7%), but the
treatment with low zebrina density did not differ from other treatments (p > 0.05).

No zebrina =@= Low zebrina density High zebrina density

10.04 —_

RPN

Survival/Plot

0.04

: 3 ) ; :

Field Visits
Figure 2. Mean and SD plant survival per plot (total abundance) in treatments without
zebrina (control, red), with low (green) and high (blue) zebrina densities through field

Visits.
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Figure 3. Percentage of Leaf damage per plant and its SD by treatment with no zebrina

(red), low zebrina density (green), and high zebrina density (blue).

Plots with high zebrina density had greater alpha-diversity ( Figure 4), with 36%
more morphospecies than low density plots (1.5 vs. 1.1, t(2,30) = -2.63, p = 0.01) and
50% more than plots without zebrina (1.5 vs. 1.0, t(2,30) = -2.43, p = 0.02). Community
composition (beta diversity) of morphospecies did not answer to zebrina presence (F ¢,
30) = 0.36, Pr =) = 0.985), however, it responded to the first axis of the soil PCA (F 2, 24)
=2,17, Pr - = 0.038) which mostly represents total nitrogen, organic matter, effective

cation exchange capacity, percentage of soil clay and remaining phosphorus .
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Figure 4. Alpha-diversity values (colored dots) and its averages (white dots) on
treatments with no zebrina (red), low zebrina density (green) and high zebrina density
(blue).

Discussion

We found that low and high densities of the invasive plant can positively modify
native populations dynamics and diversity patterns at short term. In the six months of the
experiment, we observed less herbivory in plots with high invasive plant compared to
plots with only native plants, while plants survival (abundance) in plots with low zebrina
density were higher than plots with no zebrina. Moreover, we find that the invasive plant
density is positively correlated with community richness. These evidences suggest that
even with no detectable effect on germination rates, the invasive plant may have initial
positive effects in native plant community and its recolonization process, suggesting a
facilitation role of invasive species (Rodriguez 2006).

Although previous laboratory studies showed lettuce seedling suppression (Moura
et al. 2018), none of the invasive plant treatments affected native germination rates. This

could evidence that lab experiments have limited power to simulate the complex
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interactions present in natural environments and that some cautions are recommended to
extrapolate these finds. Zebrina affected positively the native plant dynamics by
increasing survival at low densities (contrary to our hypotheses i) and they could be the
result of limiting nutrients addition by the invasive plant (Quinn and Harrison 1988).
However, it would not explain alone why invasive treatment with high density had no
effect on plant survival. Allelopathy may play an important role on this result, since some
studies showed that small amounts of phytochemicals, as could be found under low
invasive abundances, can benefit plant development (Inderjit and Duke 2003). On the
other hand, higher amounts of allelopathic substances, as on high invasive abundances,
could overcome nutritional benefits for native plants, reinforcing the presence of positive
density-dependent effects favoring invasive plant populations (Fitter 2003; Chengxu et
al. 2011; Del Fabbro and Prati 2015).

Contrary to our hypothesis ii, the invasive plant did not increase overall herbivory
on experimental plots but decreased foliar damages. Our finds suggest the production of
phytochemicals with effective anti-herbivory proprieties by the invasive plant that could
result in a protective buffer with a positive effect on native plants (Hambaéck et al. 2014;
Underwood et al. 2014), expanding the invasive herbivory resistance among native
neighborhoods. Also, changes on community nutritional balance of specifics nutrients
(such as reduction on soil nitrogen) could causes changes on the herbivory pressure, as
described on (Maoela et al. 2019), where invasive removal increased the overall leaf
nitrogen content on the community, consecutively increasing herbivory.

We did not confirm any negative effects on community diversity by the invasive
plant (hypothesis iii), instead we found that in short time all densities of the invasive plant
increased native morphospecies richness on invaded communities, but without
significative changes on community composition. Evidences of invasive plants
facilitation effect are not a novelty (Rodriguez 2006; Meira-Neto et al. 2017) and shows
that invasion process goes beyond competitive effects. The relative abundance of the
invasive plant plays an important role influencing whenever it will have a facilitation or
competitive effect on native communities, that is, interactions among invasive and native
species may change along invasion stages (ller and Goodell 2014). Thus, the positive
effects detected on morphospecies richness may not evidence an absolute zebrina
property and this effect might be modulated by its relative abundance, with potential of

becoming prejudicial on higher abundances than our density treatments.
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Changes on abiotic conditions generated by zebrinas’ growth, such as reduction
of light availability and stem and leaf network, can act as an intense competitive trait
(Flory and Clay 2010). In these deeply invaded areas shade could negatively affect plant
survival and richness, overcoming potential facilitation effects, such as nutrient addition
and predator release. Physical barrier generated by the invasive plant (~20 cm high) at
long time invaded plots could prevent native seed germination as evidenced by Flory and
Clay (2010), explaining why most studies find negative association between zebrina and
number of native individuals (Mantoani et al. 2013; Castro-Diez et al. 2019). In fact,
(Kelly and Skipworth 1984) have demonstrated a discrepancy between the number of
seedlings above patches and the number of developed plants surpassing the invasive layer
using the plant Tradescantia fluminensis, a zebrina close related plant. This find suggest
that the aggressive growthy of zebrina (Ribeiro et al. 2014) may form physical barriers
above the ground that can be a key-factor for its invasion success and threats to
biodiversity.

Even though at advanced stages of invasion zebrina’s population can reach greater
densities and growth higher than those individuals used on our treatments, we consider
that our finds are of great relevance for understanding the role of biological invasion in a
temporal scale perspective. It shades light on the initial stages of plant invasion process
and the role of community mechanisms affected by an invasive plant. Here we brought
evidences that plant biological invasion can have a facilitation effect on early colonization
stages by the improvement of native plant survival and the release of predation pressure,
besides increases plant species richness. We suggest that future studies should investigate
the substitution of facilitation for competitive interactions considering longer times scales
and among various invasion stages to better inform the discussion on how to proper

manage invasive species.
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Analysis Type  Description

Total Nitrogen (dag/kg)

Total Phosphorus (mg/dm3)

Total Potassium (mg/dm3)

Remaining Phosphorus (mg/L)

Chemical Organic Matter (dag/kg)

Effective Cation Exchange Capacity (cmolc /dm3)

Base Saturation Index (%)

Aluminium Saturation Index (%)

Potential Hydrogen lon Concentration

Physical Clay (kg/kg)
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Figure S2. (a) Photograph of a damaged leaf on a white background and 10 cm printed

scale used to measure leaf area. b) Example of the “real leaf area” considered for

Estimated Leaf Damage calculations. ¢) Example of “expected leaf area” used for

Estimated Leaf Damage calculations.

Table S3. Contribution of each soil analysis components (lines) to PCA axes (Dim1,

Dim2) and the cumulative percentage variance and eigenvalues for each axis.

Component Dim1 Dim 2
Total Nitrogen (dag/kg) 14.07 1.3
Total Phosphorus (mg/dm3) 0 44.1
Total Potassium (mg/dm3) 10.03 7.71
Remaining Phosphorus (mg/L) 12.99 0.02
Organic Matter (dag/kg) 13.62 0
Effective Cation Exchange Capacity (cmolc¢ 13.37 5.55
/dm?3)
Base Saturation Index (%) 7 19.46
Aluminium Saturation Index (%) 8.5 19.22
Potential Hydrogen lon Concentration 7.2 2.54
Clay (kg/kg) 13.22 0.1
Cumulative percentage of variance 65.07% 80.17%
Eigenvalue 6.51 1.51
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S4. Statistical model for Leaf Damage Estimation with all values:

To analyse the Leaf Damage Estimation variation among zebrina densities we
used Mixed Generalized Additive Models (GAMM) with zero beta inflate distribution.
Plots with high density zebrina treatment showed to have plants with more preserved
leaves, presenting 44% (Figure S5.a) less foliar damage than plots without the invasive
plant (marginally significant, t(21,336) = 1.9, p = 0.58). The treatment with low zebrina
density did not differed from other treatments (p> 0.05). Additionally, this model showed
soil PCA first-axis, which mostly represents total nitrogen (r = 0,96), organic matter (r =
0.94), effective cation exchange capacity (r =0.93), percentage of soil clay (r = 0.93) and
remaining phosphorus (r= -0.91), negative interfered with leaf damage ( t(21,336) = -
3.552, p <0.01, Figure S5.b).
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Figure S5. (a) Foliar Damage percentage values (point), tendency (blue line and gray
zone) by first axis soil PCA. (b) Percentage of Leaf damage per plant and its SD by
treatment with no zebrina (red), low zebrina density (green) and high zebrina density
(blue).
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4. Consideracdes Finais

4.1.Principais Conclusdes

Nosso experimento revelou que a sobrevivéncia e a herbivoria nas comunidades séo
influenciadas pela presenca da zebrina. A curto prazo (seis meses de experimento)
observamos que comparacdo a parcelas sem zebrina, os tratamentos com densidades
baixas da zebrina apresentaram 60% mais abundancia de plantas nativas e que em maiores
densidade de zebrina houve até 57% menos herbivoria de plantas nativas. Esses resultados
reforcam que as relacbes competitivas ndo devem ser as unicas presentes no debate sobre
plantas invasoras e que possivelmente questdes temporais tem influéncia na dire¢do do
efeito da invasdo bioldgica. O efeito de facilitacdo evidenciado neste estudo pode ser
alterado em situagdes em que a presenca da planta invasora seja ainda mais intensa que
as estudadas. Nestes casos questbes abioticas, como o sombreamento gerado pela
concentracdo da zebrina na formacdo de “manchas”, pode ser decisivo para 0 sucesso
competitivo sobre as plantas nativas. Estudos com plantas taxonomicamente préximas
mostraram que apesar de existir germinacao de plantas nativas sob as manchas, poucas
plantas conseguem sobreviver e se desenvolver a ponto de garantir uma posicao sobre as
folhas da espécie invasoras (KELLY; SKIPWORTH, 1984).

4.2.Contribuigdes Tedricas

Nosso estudo contribui para a literatura da invasdo biolégica ao mostrar que em
escalas temporais menores as relacoes entre plantas invasoras e plantas nativas podem ser
positivas, mesmo em pequenas escalas espaciais. Especificamente, nossos resultados se
somam as evidéncias mais recentes que mostram que plantas invasoras podem ter efeito
facilitador para populactes de plantas nativas (RODRIGUEZ, 2006). N&o avaliar
componentes envolvidos na montagem das comunidades, como a dinamica das
populacbes e interacdes negativas entre niveis troficos, pode levar a conclusdes
insuficientes do processo de invasdo. Estudos experimentais que abordem tais
componentes parecem ter maior capacidade de identificar a origem das alteracOes
exercidas nas comunidades invadidas (STRICKER; HAGAN; FLORY, 2015).

4.3.Principais Limitagdes do Estudo

Nosso estudo se restringiu a uma abordagem em escalas espaciais e temporais

pequenas, ndao sendo possivel inferir com seguranca como extrapolacdes nessas escalas
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poderiam influenciar nos efeitos detectados e em sua direcdo. NOs acreditamos que tais
limitagcOes ndo possuem um impacto significativo para nossos resultados, uma vez que
nossa abordagem considerou uma gama de variaveis ambientais além da replicagdo e
aleatorizacdo espacial, reduzindo a possibilidade de um fator ndo identificado influenciar
nossos resultados. Destacamos que o tempo de execucdo do experimento foi suficiente
para observarmos variagcGes a nivel de populagdes, de comunidades e de interacdes
tréficas. Apesar de um tempo mais longo ou densidades mais altas da zebrina talvez
permitir detectar efeitos ndo observados aqui, consideramos que novos resultados irdo
complementar e ndo refutar as evidéncias encontradas e nos permitira avaliar mudancas

na direcdo dos efeitos observados ao longo do tempo e sob diferentes estagios de invasao.

4.4.Propostas de Investigagdes Futuras

Sugerimos que futuros estudos em escalas temporais maiores e com maiores
populacdes da espécie invasora investiguem a existéncia da substituicdo de interacfes de
facilitagdo por interagcdes competitivas, desvendando como a diregéo do efeito da invaséo
varia e discutindo as implicagfes dessas mudancas para 0 manejo apropriado dessas
espécies. Sugerimos também que demais propriedades relacionadas ao solo, como as
comunidades de microrganismos nas areas invadidas, sejam investigadas para entender
especificamente as contribui¢cdes do solo na redugéo da herbivoria no efeito observado
na sobrevivéncia das plantas nativas (STEFANOWICZ et al., 2019). Estudos capazes de
acessar mudancas na composicédo de herbivoros também poderiam prover em um melhor
entendimento dos processos que influenciaram a menor pressdo de predacdo sobre as

comunidades invadidas.

4.5.0rcamento

Este estudo foi financiado pela Fundacdo de Amparo a Pesquisa do Estado de
Pernambuco (FACEPE) por meio de Bolsa de Mestrado (proc. n. IBPG-1052-17) para o
discente Theo Branco de Oliveira Wanderley e com auxilio pesquisa em 2018 no valor
de R$650,00 (Item 1). As despesas para material de campo (Item 3) incluem a compra
de material de primeiros socorros, para instalagdo e manutencdo das 30 parcelas e coleta
de material, com preco médio de R$10,96/parcela. Os custos de transporte (Item 4)
referem-se a trajetos para transporte de material e da equipe de campo voluntaria, com
uma média de R$16,25/trajeto. A alimentacdo (Item 5) refere-se a dias de instalacdo do

experimento e de coleta de material com duracdo maior que 8 horas que totalizam uma
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média de R$10,50/coleta. As despesas para analises de solo (Item 6) referem-se a 45

andlises de solo com preco médio R$ 23,69/amostra.

Ao total foram investidos R$1.523,40 durante 4 semestres (2018.1-2020.1) de
atividades pré-experimento, experimento e pds experimento, com um gasto médio de
R$380,85/semestre. Para fechar o or¢camento foram investidos de fontes proprias o
montante de R$ 873,40 (Item 2).

Tabela 1. Itens de despesa com respectivo valor gasto durante o desenvolvimento do

projeto de pesquisa entre os meses de mar¢o/2018 a novembro/2019.

ITEM DE RECEITA VALOR

1. Auxilio Pesquisa (fonte PPGETNO) R$ 650,00

2. Financiamento Préprio R$ 873,40
ITEM DE DESPESA VALOR

3. Material de campo R$ 328,90

4. Transporte R$ 65,00

5. Alimentacdo R$ 63,00

6. Analises quimicas e fisicas do solo R$ 1.066,50
Total de Despesas R$1.523,40
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