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RESUMO 

 

Avaliação dos impactos ecológicos de plantas invasoras em florestas Neotropicais por 

meio de síntese de evidências 

Presentes em todos os ecossistemas do mundo, as espécies invasoras causam impactos 
ecológicos negativos generalizados na composição, estrutura e funcionamento de seus novos 
habitat. Simultaneamente a legislações nacionais e acordos internacionais multilaterais que têm 
sido implementados para mitigar estes impactos, também se observou um crescimento 
exponencial de publicações sobre a ecologia de invasões nas últimas décadas. O aumento das 
evidências sobre os impactos ecológicos das plantas invasoras ao longo do tempo tem sido 
fundamental não só para elucidar as consequências de diferentes espécies em contextos 
específicos, mas também para permitir esforços de síntese sobre o conhecimento acumulado. 
Várias revisões no campo da biologia de invasões também destacaram a baixa proporção de 
pesquisas nos países em desenvolvimento da zona tropical em relação à paises desenvolvidos 
majoritariamente do hemisfério norte. Reconhecendo que sínteses de evidência são instrumentos 
vitais para informar a gestão, a política e pesquisas voltadas à conservação e ciências ambientais, a 
presente dissertação tem como objetivo compilar e analisar sistematicamente os impactos 
ecológicos das plantas invasoras nos Neotrópicos em dois capítulos complementares. Primeiro, 
buscamos identificar lacunas e tendências das pesquisas primárias publicadas sobre os impactos 
ecológicos das plantas invasoras nas florestas tropicais e subtropicais na região neotropical, 
seguindo uma abordagem de mapeamento sistemático. Em segundo lugar, utilizamos o conjunto 
de dados do primeiro capítulo para realizar uma meta-análise para estimar a magnitude e direção 
dos efeitos das plantas invasoras terrestres sobre espécies e comunidades de plantas nativas de 
florestas tropicais e subtropicais úmidas e secas nos Neotrópicos. 

Palavras-chave: Invasões biológicas, Plantas exóticas, Revisão sistemática, Tamanho de efeito, 
Espécies introduzidas 
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ABSTRACT 

 

Assessing the ecological impacts of invasive plants in Neotropical forests through evidence 

synthesis 

Present in all ecosystems in the world, invasive species causes widespread negative 
ecological impacts on the composition, structure and functioning of their invaded habitats. 
Simultaneously with the emerging federal legislation and multilateral international agreements that 
have been put in place to mitigate these impacts, there has also been an exponential growth of 
publications on invasion ecology in the last decades. The increase of evidence on the ecological 
impacts of invasive plants over time has been critical not only to elucidate the consequences of 
different species in specific contexts  but also to enable synthesis efforts on the accumulated 
evidence base. Several reviews in the field of invasion biology have also highlighted the low 
proportion of research in developing countries in the tropical zone relative to developed 
countries mainly in the northern hemisphere. Recognizing that evidence reviews are vital tools to 
inform management, policy and research in conservation and environmental science, the present 
research aims to systematically collate and analyze the ecological impacts of invasive plants in the 
Neotropics in two complementary chapters. First, we sought to identify gaps and trends in 
primary research published in the peer-reviewed literature on the ecological impacts of invasive 
plants in tropical and sub-tropical forests throughout the Neotropics, following a systematic map 
approach. Second, we used the dataset from the first chapter of this dissertation to perform a 
meta-analysis in order to estimate the magnitude and direction of the effects of terrestrial invasive 
plants on native plant species and communities of tropical and subtropical moist and dry 
Neotropical forests. 

Keywords: Plant invasions, Neotropics, Biological invasion, Systematic review, Effect size, Non-
native species 
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1. INTRODUCTION 

Even though it’s not a recent phenomenon in human history, the translocation of species beyond their 

natural geographic range has reached unprecedented magnitudes, as a consequence of the greater global connectivity 

associated with the expansion of flows of goods and people between countries and continents (Jenkins 1996; 

Perrings et al. 2002; Hulme 2009).  Despite the notable economic value of some non-native species for the provision 

of ecosystem services that are essential for human well-being, such as food, timber and fodder (Castro-Díez et al. 

2019), once these species are introduced in a novel environment they can become invasive by overcoming several 

barriers to their survival, reproduction and dispersal, being able to spread and establish viable populations in areas far 

from the site of introduction (Blackburn et al. 2011; Richardson et al. 2000). Altough a few non-native species are 

able to become successful invaders (Richardson et al. 2000), the ecological damages and financial costs caused by 

them can be substantial (Diagne et al. 2021; Bang et al. 2022). 

Present in virtually all ecosystems in the world (van Kleunen et al. 2015), invasive species are known to 

cause widespread negative ecological impacts on the composition, structure and functioning of their invaded habitats 

(Vitousek et al. 1997; Simberloff 2005; Crystal-Ornelas and Lockwood 2020). Despite the exponential progress of 

international agreements and national policies committed to the prevention and management of invasive species 

(Turbelin, Malamud, and Francis 2017), the loss of biodiversity as a result of biological invasions on a global scale 

persists at increasing rates (McGeoch et al. 2010). For these reasons, invasive species are considered as threats to 

several critically endangered species of terrestrial vertebrates and birds (Bellard, Cassey, and Blackburn 2016; Dueñas 

et al., 2021), and is considered as one of the top five causes of biodiversity loss in the world (IPBES, 2019). 

Simultaneously with the policy efforts that have been put in place to mitigate these impacts (Chandra and 

Idrisova 2011; De Sá Dechoum et al. 2018; Genovesi et al. 2015; Simberloff, Parker, and Windle 2005), there has 

also been an exponential growth of publications on invasion ecology in the last decades (MacIsaac, Tedla, and 

Ricciardi 2011; Pyšek and Richardson 2010). These publications have different approaches and applications, such as 

early detection of newly introduced species, risk assessment, management and eradication strategies, as well as the 

measurement of invasive species impacts (Keller, Lodge, and Finnoff 2007; Simpson et al. 2009; Wilson et al. 2011; 

2013; Ziller et al. 2020). Although studies dedicated to quantify the ecological impacts of invasive species have been 

slower to emerge than other research foci, these studies have now achieved greater representation in the literature 

(Pyšek and Richardson 2010), due to their relevance in supporting the prioritization of management efforts to 

address the most impactful invaders (Parker et al. 1999). 

The increase of scientific evidence on the ecological impacts of invasive plants over time has been critical 

not only to elucidate the consequences of different species in specific contexts (Wardle et al. 2011), but also to 

enable synthesis efforts on the accumulated evidence base (Lowry et al. 2013). Several reviews published in recent 

years on the impacts of invasive plants have enabled generalizations about the magnitude and direction of their 

effects and their variability among a wide range of environmental settings and different levels of ecological 

complexity (Gaertner et al. 2009; Vilà et al. 2011; Pyšek et al. 2012), as well as to provide an overview of the scientific 

field over time (Hulme et al. 2013; Castro-Díez et al. 2015). 

Several attempts to depict the current state of knowledge in the field of invasion biology have also 

highlighted the low proportion of research in developing countries in the tropical zone relative to the northern 

hemisphere (Pyšek et al. 2008; Pyšek and Richardson 2010; Lowry et al. 2013), indicating the need for more studies 

conducted in tropical ecosystems where conservation efforts should be prioritized and invasive species may exert the 
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greatest impact on biodiversity (Myers et al. 2000; Nuñez and Pauchard 2010). As a result of the economic growth of 

developing countries associated with the expansion of international trade and a greater pressure on natural resources, 

an increase in the number of introduced species in these countries and simultaneously a greater vulnerability to 

biological invasions is expected (Hulme 2009; Nuñez and Pauchard 2010), with a clear trend of greater pressure from 

invasive plants being already observed in tropical forests (Lopez 2012; Lövei, Lewinsohn, and Network 2012). 

Recognizing that evidence reviews are vital tools to inform management, policy and research in 

conservation and environmental science (Stewart, Coles, and Pullin 2005; Roberts, Stewart, and Pullin 2006; 

Carpenter et al. 2009), the present research aimed to systematically collate and analyze the ecological impacts of 

invasive plants in the Neotropics in two complementary chapters:  

Chapter 1. Reviewing research on the ecological impacts of invasive alien plants in neotropical forests: a systematic map 

approach. Here, we sought to identify gaps and trends in primary research published in the peer-reviewed literature on 

the ecological impacts of invasive plants in tropical and sub-tropical forests throughout the Neotropics. Following a 

systematic map approach, we gathered, categorized and compared characteristics from these studies in order to 

indicate and discuss topics that need further investigation, as well as knowledge-rich subjects that can be 

quantitatively analyzed in systematic reviews. 

Chapter 2. Responses of native plant species and communities to plant invasions in tropical and sub-tropical forests: a meta-

analysis for the Neotropics. Here, we used the dataset of included articles from the first chapter of this dissertation to 

perform a multi-level meta-analysis model to quantify the effects of terrestrial invasive plants on native plants of 

tropical and subtropical moist and dry forests throughout the Neotropical realm. We calculated the effect sizes to 

estimate the magnitude and direction of invasive plants impacts on native plants between invaded and uninvaded 

sites. To better understand sources of heterogeneity, we accounted for the phylogenetic relatedness of invasive 

species and performed moderator analyses to test whether a set of relevant categorical variables of both invasive 

plants and invaded sites affected our mean estimates. 
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2. REVIEWING RESEARCH ON THE ECOLOGICAL IMPACTS OF INVASIVE ALIEN PLANTS IN 

NEOTROPICAL FORESTS: A SYSTEMATIC MAP APPROACH 

Abstract 

Invasive plants are known to cause broad negative ecological impacts on biodiversity and 
ecosystem services in many regions of the world. These effects can be intensified in fragmented 
ecosystems that have historically suffered drastic disturbances to their structure, composition, and 
function, such as tropical and sub-tropical forests. Although several studies have been published 
recently reporting the ecological impacts of invasive plants in tropical and subtropical forests in the 
Neotropics, this knowledge has not yet been systematically mapped. In this chapter, we conducted a 
review incorporating systematic mapping principles aiming to identify gaps and trends in primary 
research that has measured those impacts in Neotropical dry and moist forests. We show how these 
studies are geographically distributed among the tropical and sub-tropical dry, moist and coniferous 
forest biomes, what are the invasive alien plants studied and its growth forms, the methodological 
approaches employed to measure impacts, and the biological scales and impacted groups (biotic and 
abiotic features) assessed. The literature search yielded a total of 2870 articles after duplicate removal, 
of which 67 were included in the review. We tested the reproducibility of the inclusion criteria by the 
Kappa test, reaching a substantial agreement among two raters. Our results revealed a substantial 
trend of increasing publications from a period spanning 22 years of research. The majority of studies 
were carried out in Brazil (55.2%), followed by Argentina (19.4%) and Mexico (7.5%). Moist forests 
were the most studied biome (83.6%), with the remainder 16.4% in dry forests. We found a total of 44 
invasive plants whose impacts were measured, being Poaceae (31.8%) and Fabaceae (20.4%) the most 
species-rich families. Trees (59.7%) and herbs (33.3%) were also the most studied growth forms, with 
few evidences for shrubs and vines. Abandoned habitats accounted for more than half of the studies 
(55.2%), and were the only category that had species belonging to all growth forms. Observations 
comparing invaded and uninvaded sites (51.35%) were the most adopted study design, with less than 
18% for each of the other methods. The vast majority of studies assessed impacts at community-level, 
whereas ecosystem-level responses to invasions were the least studied (19.8%). In addition, only 
28.4% assessed impacts at more than one biological scale. We also found a disproportionate amount 
of research effort on the response of native plants (57.8%) compared to other taxa and environmental 
variables related to ecosystem functioning. Based on our results, we fostered a discussion about 
knowledge-rich subsets, as well as research gaps that need further investigation to broaden our 
understanding of plant invasion outcomes in Neotropical forests. 

 

Keywords: Neotropics, biological invasions, alien plants, systematic review, ecological effect, forest 
ecosystems  
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2.1. Introduction 

Among the different organisms, terrestrial plants are the most representative one (32%) in the list of the 

100 of the worst invasive species in the world (Luque et al. 2014). Concomitantly, most studies on biological 

invasions in terrestrial ecosystems are related to plant invasions (Pyšek et al. 2008; Pyšek and Richardson 2010; 

Lowry et al. 2013; Crystal-Ornelas and Lockwood 2020). However, there is a bias regarding the research foci in the 

published evidence, where studies concerned with the causes and mechanisms of plant invasions are prevalent over 

studies on their impacts (Pyšek and Richardson 2010). In other words, the research effort on how biotic and abiotic 

components of ecosystems changes following plant invasions remain less representative compared to invasibility (e.g. 

vulnerability of recipient ecosystems to invasion) and invasiveness studies (e.g. ability of a particular species to 

invade) (Van Kleunen et al. 2010).  

Despite the evident and significant ecological impacts caused by invasive plants at different biological 

scales, whether at the population, community, or ecosystem level (Vilà et al. 2011), quantitative assessments of these 

impacts on a global scale have been conducted on a few subset of invasive plant species (Hulme et al. 2013), being 

poorly representative of the potential impacts of these species as a whole, comparing to the current 3008 unique 

invasive plant taxa identified (Laginhas and Bradley, 2022). It is also noted that the impacts of invasive plants tend to 

be less studied and less mentioned than the impacts of invasive fauna (Pyšek and Richardson 2010; MacIsaac, Tedla, 

and Ricciardi 2011).  The reasons for such patterns are, for example, that terrestrial invertebrates (e.g. agricultural 

pests) are more related to economic impacts of high magnitude, having more conspicuous effects than plant invaders 

and thus attracting more scientific attention (Pyšek and Richardson 2010), as well as that predation by invasive 

vertebrates and freshwater organisms is a more significant driver of native species extinctions than competition 

among plants (Blackburn et al. 2004; Vilà et al. 2010).  

In addition to the taxonomic bias of researches in the field of biological invasions, the uneven distribution 

of studies is also pronounced geographically, with a substantial clustering of research in North America and Europe 

(Pyšek et al. 2008; Pyšek and Richardson 2010). The low representativeness of the tropical region in relation to the 

volume of scientific knowledge produced about invasive plants does not mean that these species are less important 

in these regions neither that their impacts are of no concern (Fine 2002; Lowry et al. 2013; Pyšek et al. 2008). 

Tropical ecosystems harbor the vast majority of the world''s biodiversity and are vital for the provision of ecosystem 

services (Barlow et al. 2018). However, the tropics have experienced the highest rates of habitat degradation and 

conversion worldwide, such that the greatest net loss of forest cover in recent decades has occurred in the tropical 

dry (-95,000 km2, -8% of total biome area) and moist (-84,000 km2, -2%) forest biomes (Song et al. 2018). Such is 

the importance of these ecosystems that 15 of the 25 (60%) global hotspots for biodiversity conservation are located 

in the rainforest biome, due to their exceptional concentration of endemic species and high rates of habitat loss 

(Myers et al. 2000). 

Given the progressive loss of primary tropical forests and the trend that structurally smaller and younger 

native forest stands are increasingly representative in extent (McDowell et al. 2020) secondary forests and degraded 

remnants emerge as key components for biodiversity conservation (Chazdon et al. 2009) and maintenance of carbon 

stocks in tropical landscapes (Chazdon et al. 2016). However, these forests are mostly fragmented and interspersed in 

degraded landscapes, usually in agricultural matrices with the predominance of introduced species, being therefore 

susceptible to constant biological invasions (Fine 2002; Jakovac et al. 2021). Alien plants present in the surrounding 

matrices can disperse to natural areas and threaten the development of native species through mechanisms such as 
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allelopathy, competition and hybridization with native species, being able to modify biotic and abiotic features of the 

ecosystem and inhibit the successional path of the forest community (Blackburn et al. 2014; Catterall 2016). 

Regardless of the low representativeness of research on biological invasions in the tropical region, it has 

been remarkable the growth of scientific publications on the issues of introduced species and their implications for 

biological conservation in some Neotropical countries (Pauchard et al. 2010; Frehse et al. 2016). A number of recent 

studies have shown that several invasive plant species in Neotropical forests can modify vegetation structure and 

composition (Raymundo et al. 2018; Malizia et al. 2017; Baptiste et al. 2019), litter and soil nutrient stocks (Aragón, 

Sardans, and Peñuelas 2014), avifauna population dynamics (Ayup et al. 2014) and hydrological cycles (Zamora 

Nasca et al. 2014). Similarly, invasive plants can alter successional trajectories by inhibiting the regeneration of native 

species (Chiba De Castro et al. 2019; Rojas-Sandoval, Meléndez-Ackerman, and Anglés-Alcázar 2016; Schmidt, 

Castellani, and Dechoum 2020), changing the canopy openess and light regimes (Schmidt, Castellani, and de Sá 

Dechoum 2020), as well as decrease biodiversity through mutualistic interactions with other invasive species 

(Carrera-Martínez et al. 2019). 

In view of this trend, the published literature on alien species and invasion ecology in the Neotropics 

could be compiled and reviewed in a few papers, considering different taxa, geographic scales and research foci 

(Petenon and Pivello 2008; Pauchard et al. 2010; Zenni and Ziller 2011; Speziale et al. 2012; Valduga, Zenni, and 

Vitule 2016; Frehse et al. 2016; Ruaro et al. 2020). Despite the undoubted practical and scientific relevance of these 

reviews, there is still a lack of an up-to-date and comprehensive synthesis accounting for how the impacts of invasive 

plants have been assessed in neotropical forests, which are facing increasing and threatening levels of biological 

invasions (Lopez 2012; Lövei, Lewinsohn, and Network 2012). 

Therefore, to promote a better understanding of how the ecological impacts of terrestrial invasive plants 

have been detected and measured in Neotropical forests, we performed a review following the systematic mapping 

methodology according to some guidelines of the Collaboration for Environmental Evidence (CEE 2018) and 

Haddaway et al. (2016). Systematic maps are particularly designed to describe the research effort across a broad 

scientific subject, based on the same reliable procedures of systematic reviews to gather and synthesize information 

from papers in an objective and replicable manner, aiming to reduce common biases that may arise when conducting 

a review (such as reporting bias, selection bias and publication bias) (Haddaway et al. 2016). But unlike traditional 

systematic reviews, the systematic mapping method are not restricted to closed-framed questions neither the use of 

quantitative techniques to combine the results of primary research. Instead, the coding process in systematic maps 

focuses on the extraction of  each study settings that may be relevant to the topic, thus producing a searchable 

database of these meta-data variables (Haddaway et al. 2016). 

The overview of the current evidence provided by systematic maps is useful to identify knowledge gaps 

(underrepresented topics) and trends (most researched topics), providing generalizations that may be relevant to 

advancing the science of biological invasions in the tropics (Lowry et al. 2013; Haddaway et al. 2016). Given this 

background, this review sets out to summarise the current state of knowledge on the species and plant growth forms 

studied, at what biological scales the impacts have been quantified, the methodological characteristics employed, as 

well as the geographical distribution of these studies in the neotropical forest biomes and the typologies of the 

invaded habitats. These information will be used to identify knowledge gaps and trends, aiming to contribute to the 

direction of future primary research in the field of invasion ecology, as well as to point out specific topics with the 

richest data in the evidence base (knowledge clusters) that are suitable for quantitative analysis in subsequent 
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systematic reviews (e.g. meta-analyses) (Berger-Tal et al. 2019). To this end, we addressed the following research 

questions:  

i. How are these studies geographically distributed in the neotropics among the tropical and sub-

tropical dry, moist and coniferous forest biomes (Dinerstein et al. 2017) and what are the 

typologies of the invaded habitats, based on the framework proposed by Kueffer and Daehler 

(2009)?;  

ii. What are the invasive alien plants (IAPs) studied and its growth forms, based on Engemann et 

al. (2016)?; 

iii. What are the methodological approaches employed to quantify the ecological  impacts of 

invasive plants, based on Kumschick et al. (2015)?;  

iv. At what biological scales and biotic and abiotic groups have the impacts of invasive plant species 

been measured (according to the classification by Vilà et al., (2011))?  
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2.2. Methods 

2.2.1. Literature search 

The search strategy was employed in a two-step approach. The first was carried out according to the 

methodological proposal by Grames et al. (2019), aiming to identify the most relevant keywords on the subject of the 

review in an efficient and automated using the litseachr package in R environment  (RStudio Team, 2019). Through 

text mining and keyword co-occurrence networks, this method makes the search strategy less biased and more 

comprehensive by identifying key terms and synonyms that might otherwise be omitted by the review team (Grames 

et al. 2019). Thus, we conducted an initial search (hereafter, naïve search) for articles in the online platforms ISI Web 

of Knowledge Core Collection (databases SCI-E, SSCI, ESCI) and Scopus, without restriction of time or type of 

document, aiming to retrieve a set of articles of high relevance to the topic of this review. The keywords considered 

most important were grouped in a search string using the Boolean operators "OR" and "AND" (Appendix A). A 

total of 386 records were retrieved from the ISI Web of Knowledge and 289 records from the Scopus database, with 

a total of 459 articles after deduplication. The complete bibliographic data from the naïve search were loaded into 

the litsearchr package in R environment, which obtained 1023 keywords that were checked and selected for inclusion 

in the definitive search strategy according to their relevance (see details on the script used in Appendix B).  

In the second step, we performed a comprehensive definitive search for articles published in peer-

reviewed literature indexed in the following electronic databases: (i) ISI Web of Knowledge Core Collection (SCI-E, 

SSCI, and ESCI); (ii) Scopus; and (iii) CAB Direct. The literature searches were conducted in March 2022 by 

combining the following search terms: "*forest*" AND "invasive" OR "invasion" OR "invader" OR "invaded" OR 

"alien" OR "exotic" OR "non-indigenous" OR "nonindigenous" OR "non-native" OR "nonnative" AND "plant*" 

OR "tree*" OR "shrub*" OR "woody*" OR "liana*" OR "vine*" OR "herb*" OR "grass*" OR "fern*" OR "forb*" 

OR "palm*" OR "cact*" OR "bamboo*" OR "epiphyte*" AND "effect*" OR "impact*" OR "affect*" OR 

"change*" OR "threat*" OR "alter*" OR "influenc*" OR "consequence*" OR "disturbance*". Since the queries 

retrieved an unfeasible amount of articles (n = 44.898), we then applied a geographical location filter to get only 

papers in Neotropical countries1 (including the Caribbean islands), thereby yielding a total of 4,797 articles. All 

information about the terms, geographical filters and the search dates for each bibliographic source are reported in 

Table 1. 

 
 
 
 
 

                                                      
1
 We included all the Caribbean islands and did not include Chile and Uruguay because these countries aren’t 

covered by the Tropical and Sub-tropical Moist, Dry or Coniferous Forest biomes that fits into the scope of this 
review. In Web of Science and Scopus, we used the platforms' own tool to apply the filters for the available 
countries. In the Scopus filter we also selected the "undefined" option to avoid missing relevant articles in 
countries of interest. After running the CAB Direct search, the platform tool to filter by Geographic Location only 
showed the countries with more than 49 records. Therefore, unique to this platform we have included a new 
combination of terms in the search string comprising the names of all countries in the Neotropical region 
separated by "OR" and grouped by the operator “gl”, which applies the filter only to the Geographic Location 
field. 
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Table 1. Complete search strategy performed, detailing the combined terms and the geographic location filters applied. Searches 
were performed on 03/21/2022 and were limited to documents published in English, Portuguese and Spanish. Adapted 
from Romanelli et al. (2020). 

Bibliographic Sources Search terms 

 
WEB OF SCIENCE 

(Core Collection: SCI-E, 

SSCI, ESCI; All years; 

All documents; TOPIC) 

 

 
("*forest*") AND ("invasive" OR "invasion" OR "invader" OR "invaded" OR "alien" 

OR "exotic" OR "non-indigenous" OR "nonindigenous" OR "non-native" OR 

"nonnative") AND ("plant*" OR "tree*" OR "shrub*" OR "woody*" OR "liana*" OR 

"vine*" OR "herb*" OR "grass*" OR "fern*" OR "forb*" OR "palm*" OR "cact*" OR 

"bamboo*" OR "epiphyte*") AND ("effect*" OR "impact*" OR "affect*" OR 

"change*" OR "threat*" OR "alter*" OR "influenc*" OR "consequence*" OR 

"disturbance*")) 

 
Available filters: Brazil, Argentina, Mexico, Colombia, Panama, Ecuador, Uruguay, 

Costa Rica, Venezuela, Bolivia, Peru, Cuba, Trindad Tobago, Bahamas, French Guiana, 

Guyana, Jamaica, Dominica, Dominican Rep, Haiti, Honduras, Paraguay, St Kitts Nevi, 

St Lucia. 

 
Total number of records: 11.794 

Filtered records: 1.409 
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SCOPUS (All years, All 

documents and Access 

type; TITLE-ABS-

KEY) 

 

 
( TITLE-ABS-KEY ( "*forest*" )  AND  TITLE-ABS-KEY ( "invasive"  OR  

"invasion"  OR  "invader"  OR  "invaded"  OR  "alien"  OR  "exotic"  OR  "non-

indigenous"  OR  "nonindigenous"  OR  "non-native" )  AND  TITLE-ABS-KEY ( 

"plant*"  OR  "tree*"  OR  "shrub*"  OR  "woody*"  OR  "liana*"  OR  "vine*"  OR  

"herb*"  OR  "grass*"  OR  "fern*"  OR  "forb*"  OR  "palm*"  OR  "cact*"  OR  

"bamboo*"  OR  "epiphyte*" )  AND  TITLE-ABS-KEY ( "effect*"  OR  "impact*"  

OR  "affect*"  OR  "change*"  OR  "threat*"  OR  "alter*"  OR  "influenc*"  OR  

"consequence*"  OR  "disturbance*" ) )   

AND   

( LIMIT-TO ( AFFILCOUNTRY ,  "Brazil" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  

"Argentina" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Mexico" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Colombia" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Panama" 

)  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Puerto Rico" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  

"Ecuador" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Costa Rica" )  OR  LIMIT-TO ( 

AFFILCOUNTRY ,  "Venezuela" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Peru" )  

OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Bolivia" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Cuba" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Jamaica" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Bahamas" )  

OR  LIMIT-TO ( AFFILCOUNTRY ,  "Trinidad and Tobago" )  OR  LIMIT-TO ( 

AFFILCOUNTRY ,  "Dominican Republic" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  

"French Guiana" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Guatemala" )  OR  

LIMIT-TO ( AFFILCOUNTRY ,  "Honduras" )  OR  LIMIT-TO ( AFFILCOUNTRY 

,  "Belize" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Bermuda" )  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Dominica" 

)  OR  LIMIT-TO ( AFFILCOUNTRY ,  "Guadeloupe" )  OR  LIMIT-TO ( 

AFFILCOUNTRY ,  "Guyana" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Haiti" )  OR  LIMIT-TO (  

AFFILCOUNTRY ,  "Undefined" ) ) 

 
Total number of records: 12.748 

Filtered records: 1.689 
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The complete bibliographic data of the searches were downloaded in .bib format and the duplicates were 

removed by title and DOI, using the revtools package in RStudio (RStudio Team 2019; Westgate 2019; Appendix C). 

The output is a spreadsheet containing all the bibliographic information of the deduplicated articles and was further 

used to screen the articles by title and abstract. 

 

2.2.2. Article screening and study elegibility criteria 

All the remaining articles (n = 2870) after duplicate removal were screened initially by titles and abstracts 

in order to identify the study’s potential to meet the inclusion criteria and therefore be selected for the full-text 

screening. We structured each inclusion criteria within the PECO framework (Population, Exposure, Comparator, 

Outcomes), which is often used in systematic reviews to formulate objective and informative research questions and 

elegibility criteria (Morgan et al. 2018). To be included in the evidence base of the review, each article had to meet 

the following inclusion criteria:  

i) Population: The study was carried out in forest ecosystems within the Neotropics comprised by the 

following biomes: i) Tropical & Subtropical Moist Broadleaf Forests; ii) Tropical & Subtropical Dry Broadleaf 

Forests; and iii) Tropical & Subtropical Coniferous Forests, according to Dinerstein et al. (2017). These are the 

forested biomes within the tropical and subtropical zones in the Neotropical realm. Therefore, studies on the 

CAB DIRECT (All 

years, All documents; 

All Fields) 

 

 
"*forest*" AND "invasive" OR "invasion" OR "invader" OR "invaded" OR "alien" OR 

"exotic" OR "non-indigenous" OR "nonindigenous" OR "non-native" OR "nonnative" 

AND "plant*"  OR "tree*" OR "shrub*" OR "woody*" OR "liana*" OR "vine*" OR 

"herb*" OR "grass*" OR "fern*" OR "forb*" OR "palm*" OR "cact*" OR "bamboo*" 

OR "epiphyte*" AND "effect*" OR "impact*" OR "affect*" OR "change*" OR 

"threat*" OR "alter*" OR "influenc*"  OR "consequence*" OR "disturbance*" AND 

gl: ("Anguilla" OR "Antigua" OR "Argentina" OR "Aruba" OR "Bahamas" OR   

"Barbados" OR "Barbuda" OR "Belize" OR "Bermuda" OR "Bolivia" OR "Brazil" OR 

"British Virgin Islands"  OR "Cayman Islands" OR "Costa Rica" OR "Cuba" OR 

"Colombia" OR "Dominica" OR "Dominican Republic" OR "Ecuador" OR "El 

Salvador" OR "Falkland Islands" OR "French Guiana" OR "Grenada" OR 

"Guadeloupe" OR "Guatemala" OR "Guyana" OR "Haiti" OR "Honduras" OR 

"Jamaica" OR "Martinique" OR "Mexico" OR "Montserrat" OR "Netherlands Antilles" 

OR "Nicaragua" OR "Panama" OR "Paraguay" OR "Peru" OR "Puerto Rico"  OR 

"Saint Kitts and Nevis" OR "Saint Lucia" OR "Saint Martin" OR "Saint Vincent and 

the Grenadines" OR "Saint-Barthélemy" OR "Suriname" OR "Trinidad and Tobago" 

OR "Turks and Caicos Islands" OR "United States Virgin Islands" OR "Venezuela") 

 
Total number of records: 20.356 

Filtered records: 1.699 
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following biomes were not eligible for this review: Boreal Forests/Taiga, Deserts & Xeric Shrublands, Flooded 

Grasslands and Savannas, Mangroves, Mediterranean Forests, Woodlands & Scrub, Montane Grasslands and 

Shrublands, Temperate Broadleaf & Mixed Forests, Temperate Conifer Forests, Temperate Grasslands, Savannas 

and Shrublands, Tropical & Subtropical Grasslands, Savannas and Shrublands, and Tundra. We included studies of 

invasions on disturbed sites undergoing early secondary succession and abandoned areas where the original 

vegetation was comprised by tropical or sub-tropical forests. Nevertheless, we excluded studies on anthropogenic 

habitats such as agricultural areas, active pastures and silvicultural plantations; 

ii) Exposure: The studied species is a terrestrial invasive alien plant. For the article to be included the alien 

plant species must have been described as invasive by the author(s) and its scientific name provided; 

iii)  Comparator: As it was our interest to evaluate the study’s setting and design, both observational and 

manipulative experimental primary research was eligible for this review. This included non-field experimental 

assessments (e.g. species additions in controlled environmental conditions such as greenhouses); 

iv) Outcomes: The study must have assessed the ecological impact at any biological scale (i.e. population, 

community or ecosystem) associated with one or more terrestrial invasive plants, i.e. a measurable change in the 

properties of an ecosystem caused by the invasive plant, which may be positive or negative and vary in magnitude on 

a continuous scale (Ricciardi et al. 2013). Studies on the impact of invasive plants on other alien species (e.g. crops) 

will not be included, nor will studies that address the consequences of expansion or colonization of native species. 

We also did not include reviews, meta-analyses and opinion articles. Completion of the screening 

processes left us with of 67 publications selected for data extraction and inclusion in the systematic map database 

(Figure 1; Appendix D.). For the sake of transparency, the list with all articles excluded by the full-text screening (n = 

103) are available indicating the detailed reasons for exclusion (Appendix E.). 

 

Figure 1.  Flow diagram describing the article selection procedure on the ecological impacts of invasive plants in tropical and sub-
tropical moist and dry forests in the Neotropics. Adapted from ROSES Flow Diagram for Systematic Reviews Version 1.0.  
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Recognizing that the inclusion and exclusion of papers can be based on subjective criteria, all articles 

selected for full-text screening (n = 169) were analyzed by a second rater and the decisions compared using the 

Cohen’s Kappa agreement test (Cohen 1960). Cohen’s Kappa coefficient is a statistic that is used to measure the 

degree of inter-rater and intra-rater reliability between proportions derived from dependent samples on categorical 

nominal scales (Cohen 1960; Silva and Paes 2012), being widely used in systematic reviews to evaluate the reliability 

of the inclusion criteria in the screening and data extraction stages (Belur et al. 2018; Park and Kim 2015; Romanelli 

et al. 2020). The Kappa coefficient is calculated by the Eq. (1): 

 

  
       

    
      

Where:  

                                                 
 

                                              
 

Thus, the coefficient value can be directly interpreted as the proportion of judgments in which there is 

agreement, after excluding the agreement expected only by chance. As a suggestion to ease the interpretation of the 

strength of agreement associated with the Kappa value, McHugh et al. (2012) assigned the following benchmarks 

corresponding to six distinct intervals: 

 

Table 2. Benchmarks for Kappa coefficient interpretation (McHugh et al., 2012). 

Value of Kappa Level of Agreement 

0.00 - 0.20 None 

0.21 - 0.39 Minimal 

0.40 - 0.59 Weak 

0.60 - 0.79 Moderate 

0.80 - 0.90 Strong 

> 0.90 Almost Perfect 

 
The Kappa test showed that there is moderate reliability among observers (k = 0.69 [95% Lower/Upper 

CI: 0.58 – 0.79]; agreement = 84.1%). As established in other systematic review protocols, we set the value of k ≥ 

0.60 as an indicator of substantial agreement and that decisions were sufficiently repeatable (Bayliss et al. 2015; Reed, 

Deakin, and Sunderland 2014; Schindler et al. 2016; Martin et al. 2020; Romanelli et al. 2020). If the score obtained 

was lower than 0.60, the inconsistencies between the two raters would be discussed until consensus was reached, 

with subsequent redefinition of the inclusion criteria in order to reduce subjectivity in the decision process (inclusion 

or exclusion of articles). 

 

2.2.3. Coding and data extraction 

Studies included by full-text screening were coded by recording the bibliographic information and study 

characteristics shown below for inclusion in the review database (Table 3). 
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Table 3. Description of the information and classifications assigned to each study included in the systematic map database.  

Category Variable Description 

Publication details 

Paper Article unique ID 

Author Authors’ name 

Title Publication title 

Year Year of publication 

Journal Journal where the paper was published 

Population 

Country Country of study sites 

Coordinates Geographic coordinates of study sites  

Biome 
Tropical and Subtropical Moist, Dry or Coniferous Forests 

(Dinerstein et al., 2017) 

Ecoregion Name of the Ecoregion where the study was conducted 

Typology 

Abandoned Habitat, Designed Habitat (i.e. Active Restoration) or 

Reference Habitat, according to Kueffer and Daehler (2009). The 

definition of each habitat in this framework is presented in 

Appendix F. We also included the Forest Edge habitat classification 

based on our observations. Some studies were conducted in 

environments such as greenhouses, nurseries, common gardens and 

laboratories, which we coded as Non-Field. 

Exposure 

IAP Family Invasive Alien Plant botanical family 

IAP Binomial 

Invasive Alien Plant scientific name. We standardized the scientific 

name of each species based on the accepted taxon name provided 

by The World Flora Online (WFO 2022). 

Growth Form 
Plant growth form (i.e. herb, shrub, tree, and vine) according to the 

global database of plant growth forms from Engemann et al. (2016) 

Time Introd 
Time, in years, since the alien species was introduced into the 

region, if reported 

Time Inva 
Time, in years, since the alien species invaded the study sites, if 

reported 

Comparator 

Method Observational or Experimental study 

Study Design 

Study design, based on Kumschick et al. (2015) classification 

(Appendix G): Abundance Gradient, Addition, Chronosequence of 

Invasion, Invaded vs Uninvaded, Removal vs Invaded, Removal vs 

Uninvaded, Invasive and Native Removal. 

Outcomes 

Biotic Abiotic Biotic or Abiotic impacted groups 

Biological Scale 

Biological scales at which the ecological impact was measured, 

which may be at the level of plant populations, plant communities, 

animal populations, animal communities, and ecosystem (Vila et al., 

2011; Definitions in Appendix H.) 

Groups Impacted groups: Plants, Vertebrates, Invertebrates, 
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Microorganisms, Soil Chemistry, Soil Physics, Litter, and Fire 

regimes. 

 

The geographic coordinates of each study were loaded as a point layer into QGIS 3.18.1 software to 

obtain the biome and ecoregion information for the study sites, based on the shapefile provided by the Ecoregions 

2017© application (Dinerstein et al. 2017; QGIS.org 2021). 

 

2.2.4. Synthesis and presentation of results 

To asssess the cumulative time trend in the number of published articles, we fitted a linear regression 

model with the year of publication as the predictor variable, and the number of publications per year as the response 

variable. We removed articles from 2022 from the analysis because we did not capture all possible articles published 

in this year. We also prepared a thematic map in QGIS 3.18.1 - Zürich software with the geographic location of the 

studies, allowing us to visualize how they are distributed among countries and Neotropical biomes (QGIS.org 2021). 

The scientific names of the invasive plant species that have had their ecological impacts measured in tropical and 

subtropical forests of the Neotropics were listed along with the categorical information associated with those species, 

such as growth form, frequency (number of studies for each species), biomes and countries in which they were 

studied.  

We present the results in plots prepared in the ggplot2 package in RStudio software (Wickham 2016; 

RStudio Team 2019), and the narrative synthesis of the evidence base was described from the identified gaps and 

patterns, which was discussed based on the representativeness of each category and the relationship between them. 

Associatedly, systematic maps also aim to produce accessible databases that integrate all the descriptive information 

of the studies included in the review, being a useful resource for researchers and decision makers searching for 

scientific evidence on a given topic (Haddaway et al. 2016).  

Then, the retrieved literature will be made available in a searchable, freely accessible database upon 

publication, synthesizing all information from the studies obtained during the review process. The spreadsheet 

containing all the information from the reviewed literature will be also made available, along with an interactive map 

(.html) to allow free exploration of the data by interested users through the EviAtlas application 

(https://estech.shinyapps.io/eviatlas) (Haddaway et al. 2019). EviAtlas is an Open Access and Open Source 

multifunctional tool designed to produce and share static and interactive visualizations of data compiled into a 

systematic map, such as spatial maps, readable data tables, histograms, and heat maps, enabling users to filter and 

examine the data they want to query and visualize. By doing so, the app ensures that systematic map results can be 

easily communicated and understood (Haddaway et al. 2019). 

 

2.2.5. Limitations 

As with any research, reporting on the methodological limitations of a review is essential to ensure that 

readers can more critically qualify the interpretation of the results and conclusions of the evidence synthesis (CEE 

2018). In this regard, due to time and resource constraints, it was not possible to follow all CEE standards and 

guidelines, such as publishing the review protocol before conducting the study, involving several stakeholders at the 
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stage of defining the research question and methods, and including gray literature in the search strategy. Given the 

broad geographical scope of this research, the inclusion of grey literature (e.g. theses and dissertations, technical 

reports, and conference proceedings) would involve undertaking non-systematic search strategies in databases of 

regional institutions and academic repositories from several different countries. Additionally, such literature does not 

go through the peer-review sieve. While this is an important procedure for attempting to capture the entire existing 

evidence base on the review topic, the process of conducting additional searches for gray literature often demands 

significant time in systematic reviews (Haddaway et al. 2015). 

In general, Haddaway et al. (2015) recognize that the resource demands required to strictly follow 

systematic review standards and guidelines can be prohibitive for researchers and organizations operating under time 

constraints and limited budgets, given the need to coordinate multiple reviewers, process large volumes of research 

findings, and involve a team of expert consultants. In this regard, the authors recommend that in cases where 

conducting a full systematic review is not feasible, it is possible to incorporate some consolidated methodological 

guidelines in order to reduce biases and substantially improve the reliability of the review (Haddaway et al. 2015). 

Despite the limitations stated, we incorporated several principles to enhance the objectivity, transparency, and 

repeatability of the review (Haddaway et al. 2015; 2016; CEE 2018), such as: (i) planning the questions and drafting 

the inclusion criteria before the search began and consulting with researchers who are experts on the topic; (ii) 

developing a comprehensive search strategy in several databases, these being Scopus, CABDirect and SCI-E, SSCI, 

ESCI of the Web of Science, gathering studies in English, Portuguese and Spanish languages; (iii) transparency at all 

stages of the literature search, with subsequent application of the Kappa agreement test between different raters in 

the screening stage of the studies to verify the objectivity of the inclusion criteria. 

2.3. Results 

Our dataset contained a total of 67 peer-reviewed papers on the ecological impacts of terrestrial invasive 

alien plants in Neotropical forests published between 2000 and 2022 (Figure 2A). During this period spanning 22 

years of research, there was a gap of three years without publications between 2007 and 2009, from which we 

detected a clear and substantial trend of increasing publications over the years (r² = 0.53, p < 0.001), with remarkable 

growth from 2010 onwards (Figure 2B). With regard to geographical distribution, we found publications in eight 

different countries: Brazil (n = 37, 55.22%), Argentina (n = 13, 19.40%), Mexico (n = 5, 7.46%), Puerto Rico (n = 4, 

5.97%), Panama (n = 3, 4.48%), Colombia (n = 2, 2.98%), Jamaica (n = 2, 2.98%) and Costa Rica (n = 1, 1.49%). 

The most studied biome was Tropical & Subtropical Moist Broadleaf Forests, accounting for 83.58% of the studies 

(n = 56), whereas Tropical & Subtropical Dry Broadleaf Forests represented only 16.42% with 11 papers (Figure 3). 

The region in Central and North America covered by the Tropical & Subtropical Coniferous Forests biome had no 

publications about the ecological effects of invasive plants. We highlight that there were only three studies in the 

Amazon Rainforest, with a noteworthy research focus in the Brazilian Atlantic Forest and in the Southern Andean 

Yungas ecoregion in Argentina. 
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Figure 2.  Relationship between the number of articles and year of publication. A) Barplot showing the number of published 
studies from January 2000 to May 2022. B) Scatterplot with regression line and model results. Papers from 2022 were 
removed from analysis because they were retrieved before the end of the year. 
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Figure 3. Distribution of sixty seven studies on the ecological impacts of invasive alien plants across tropical and subtropical 
moist and dry forests in the Neotropics (the symbol on the Atlantic Ocean belongs to the Fernando de Noronha 
archipelago).  No studies were found in coniferous forests. Light red circles are single study sites and the black circles 
represent the number of clustered study sites in the same coordinates or spaced up to 0.5 degrees apart (map units). Biomes 
shapefile from Dinerstein et al. (2017) licensed under CC-BY 4.0.  

 

In total, 44 invasive alien plants had their ecological impacts quantified and published (Table 4). The most 

frequently studied plant species in the reviewed publications were by far Ligustrum lucidum (n = 13, 19.40%), followed 

by Prosopis juliflora (n = 7, 10.45%), Artocarpus heterophyllus (n = 5, 7.46%), Hovenia dulcis (n = 4, 5.97%) and Panicum 

maximum (n = 4, 5.97%). The species Saccharum spontaneum, Urochloa brizantha, Urochloa decumbens, Cynodon plectostachyus, 

Pittosporum undulatum, Syzygium jambos and Tradescantia zebrina were targeted by 3 articles (4.48%) each. The majority of 

species in our dataset were represented by only one article (n = 28, 63.64%). Of the 15 plant families found, those 

with the greatest number of species were Poaceae (n = 14, 31.82%), Fabaceae (n = 9, 20.45 %), Arecaceae (n = 5, 

11.36%) and Moraceae (n = 3, 6.82%). Myrtaceae and Oleaceae had two species each (4.54%), with the remaining 9 

families being represented with only one species. 

 

Table 4. List of invasive plant species (n = 44) whose ecological impacts have been measured in Neotropical forests and 
published in scientific literature, including information on the species' growth form, biome and country in which it was 
studied, and the number and percent of papers. 

Family Species Growth Form Biome Country Frequency 

Apocynaceae Cryptostegia madagascariensis Shrub Dry Brazil 1 (1.49 %) 

Arecaceae 

Archontophoenix alexandrae Tree Moist Brazil 1 (1.49 %) 

Archontophoenix cunninghamiana Tree Moist Brazil 1 (1.49 %) 

Archontophoenix sp. Tree Moist Brazil 1 (1.49 %) 

Livistona chinensis Tree Moist Brazil 2 (2.98 %) 
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Family Species Growth Form Biome Country Frequency 

Phoenix roebelenii Tree Moist Brazil 1 (1.49 %) 

Combretaceae Terminalia catappa Tree Moist Brazil 1 (1.49 %) 

Commelinaceae Tradescantia zebrina Herb Moist Brazil 3 (4.48%) 

Euphorbiaceae Ricinus communis Shrub Moist Brazil 1 (1.49 %) 

Fabaceae 

Acacia auriculiformis Tree Moist Brazil 1 (1.49 %) 

Acacia farnesiana Tree Dry Colombia 1 (1.49 %) 

Acacia mangium Tree Moist Brazil 1 (1.49 %) 

Leucaena leucocephala Tree Moist Brazil 2 (2.98 %) 

Parkinsonia aculeata Tree Dry Brazil 1 (1.49 %) 

Prosopis juliflora Tree Dry 
Brazil / 

Colombia 
7 (10.45 %) 

Schizolobium parahyba Tree Moist Brazil 1 (1.49 %) 

Sesbania virgata Shrub Dry Brazil 1 (1.49 %) 

Ulex europaeus Shrub Moist Colombia 1 (1.49 %) 

Moraceae 

Artocarpus heterophyllus Tree Both Brazil 5 (7.46 %) 

Morus alba Tree Moist Argentina 2 (2.98 %) 

Morus sp. Tree Moist Argentina 1 (1.49 %) 

Myrtaceae 

Syzygium cumini Tree Moist Brazil 1 (1.49 %) 

Syzygium jambos Tree Moist 
Costa Rica/ 

Puerto Rico 
3 (4.48%) 

Nephrolepidaceae Nephrolepis brownii Herb Moist Mexico 1 (1.49 %) 

Oleaceae 
Jasminum fluminense Vine Dry Puerto Rico 1 (1.49 %) 

Ligustrum lucidum Tree Moist Argentina 13 (19.40 %) 

Pinnaceae Pinus spp. Tree Moist Brazil 1 (1.49 %) 

Pittosporaceae Pittosporum undulatum Tree Moist 
Brazil / 

Jamaica 
3 (4.48%) 

Poaceae 

Andropogon gayanus Herb Moist Brazil 1 (1.49 %) 

Bambusa longispiculata Herb Moist Puerto Rico 1 (1.49 %) 

Bambusa tulda Herb Moist Puerto Rico 1 (1.49 %) 

Bambusa tuldoides Herb Moist Puerto Rico 1 (1.49 %) 

Bambusa vulgaris Herb Moist Puerto Rico 1 (1.49 %) 

Urochloa  brizantha Herb Moist Brazil 3 (4.48%) 

Urochloa  decumbens Herb Moist Brazil 3 (4.48%) 

Cenchrus ciliaris Herb Dry 
Mexico / 

Puerto Rico 
2 (2.98 %) 

Cynodon plectostachyus Herb Moist Mexico 3 (4.48%) 

Dendrocalamus strictus Herb Moist Puerto Rico 1 (1.49 %) 

Melinis minutiflora Herb Moist Brazil 1 (1.49 %) 

Melinis repens Herb Moist Brazil 1 (1.49 %) 
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Family Species Growth Form Biome Country Frequency 

Panicum maximum Herb Both 
Brazil / 

Puerto Rico 
4 (5.97 %) 

Saccharum spontaneum Herb Moist Panama 3 (4.48%) 

Rhamnaceae Hovenia dulcis Tree Moist Brazil 4 (5.97 %) 

Zingiberaceae Hedychium coronarium Herb Moist Brazil 1 (1.49 %) 

 

Most of the invasive plant growth forms were trees (n = 43, 59.72%) and herbs (n = 24, 33.33%), with only 

four evidences for shrubs (n = 4, 5.56%) and one for vines (n = 1, 1.39%), in a total of 72 case studies since a few 

papers addressed more than one species belonging to different growth forms. By exploring the association between 

growth forms and invaded habitats (see Appendix F for definitions), we found that herbs were the only growth form 

studied in every habitat and the only one studied in sites undergoing active forest restoration (Figure 4). Among the 

invaded site typologies, abandoned habitats accounted for more than half of the studies (n = 37, 55.22%), and was 

the only category that had studies with species belonging to all growth forms (Figure 4). The other categories were 

much less representative, such as reference habitats (n = 13, 19.40%), which were mostly invaded by tree species, 

designed habitats (n = 8, 11.94%), non-field (n = 6, 8.95%) and forest edge (n = 3, 4.48%). We were unable to assign 

a typology to three field studies within these categories due to the lack of detailed information on the invaded areas.  

 

Figure 4. Heatmap showing how the invaded habitats and plant growth forms are clustered. Values are number of studies. 

 

 

The majority of the papers were based on observational approaches to assess the ecological effects of 

plant invasions (n = 52, 74.33%), whilst experimental studies accounted for 25.67% (n = 17). Only two studies 

combined both field observational and experimental methods. The most commonly adopted study design was based 
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on comparisons between invaded and uninvaded sites (n = 38, 51.35%),  with less than 18% for each of the other 

methods (Figure 5). We did not find any studies comparing sites before and after plant invasions, nor studies 

comparing the invasive species removal treatment with a reference site without the invader presence. However, two 

studies actualy had ecological data from the study sites before the invasion took place. Looking at the invasion 

process, only 12 articles (17.91%) reported the approximate year when the invasion by the target species into the 

study area occurred. Likewise, information on the year or period when a particular non-native species was introduced 

to the region, considering a broader geographic scale, was provided by only 20 articles (29.85%). Surprisingly, almost 

half of the reviewed papers did not provide none of the above information (n = 35, 52.24%).  

 

Figure 5. Number and percentage of studies for each observational, experimental or modeling design used to measure  invasive 
plant ecological impacts. 

 
 

Interestingly enough, trees were the only growth form studied by all the six different study design 

approaches found in our review, and herbaceous species just have not been addressed in chronosequence studies. 

However, most observational field studies comparing invaded and non-invaded areas dealt with invasive trees 

(62.03%), while the remainder was made up of herbaceous plants (31.65%) and shrubs (5.1%). Taking the twelve 

case studies that used field removal experiments (both removal vs invaded and invasive vs native removal) into 

account, we saw that mostly herbaceous species were addressed (n = 10, 83.33%), with only two invasive tree 

removal studies (16.66 %). 

Looking at the biological scales at which impacts have been quantified, we revealed that the vast majority 

of studies are focused on biotic impacts (80.23%), with greater representation of community-level effects on both 

native flora and fauna compared to impacts assessed at the population level (Figure 6). Effects of invasive plants 

assessed at ecosystem-level accounts for 19.27% of case studies in our review. In addition, of the 67 articles, 48 

(71.64%) assessed impacts at only one biological scale and 19 (28.36%) at more than one scale. Of these 19, virtually 

half (n =10, 52.63%) studied both biotic and abiotic impacts. Considering the biotic and abiotic groups impacted, 

there is a disproportionate amount of research evaluating the response of native plants (n = 48, 57.83%) compared 

to other taxa and environmental variables related to ecosystem functioning (Figure 7). The number of publications 

investigating the impact of invasive plants on organisms of different trophic levels was low and quite similar among 
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vertebrates (7.23%), invertebrates (4.82%), and microorganisms (6.02%) groups. Ecosystem-level impact assessments 

are still incipient compared to those assessed on populations and communities of living organisms, being mostly 

studied on the litter dynamics (n = 8) and soil chemistry (n = 6). 

 

Figure 6. Number and percentage of studies for each biological scale in which invasive plant impact was measured. 

 
 
 

Figure 7. Number and percentage of studies for each biotic and abiotic group in which invasive plant impact was measured. 
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2.4. Discussion 

The first paper that quantified the ecological impact of an invasive plant on a tropical forest ecosystem in 

the Neotropics was published exactly one year after the subject was first and broadly reviewed by Parker and 

colleagues back in 1999. Even though this causal relationship may not exist, it is recognized that this (frame-)work 

was a milestone in driving the development of new primary research on the ecological effects of invasive species 

(Crystal-Ornelas and Lockwood, 2020), although the substantial increase in publications that we evidenced only 

came about ten years later. Despite our optimism about the desirable trend of increasing knowledge on plant 

invasion effects, we understand that it is not exclusive to this topic and most likely mirrors the exponential increase 

in the production rate of scientific papers, which has been shown to be similar across different disciplines 

(Bornmann and Mutz, 2015) and even among several sub-fields of the biological sciences on a global scale (Pautasso, 

2012). 

Being the country with the especially largest area of the reviewed biomes, we already predicted to find 

Brazil as the leading Neotropical country with respect to available evidence on the consequences of plant invasions, 

especially throughout the mega-diverse and threatened Brazilian Atlantic Forest. Our results are consistent with 

recent work that found the Brazilian Atlantic forest to hold not only the largest volume of studies on invasive plant 

impacts in the country (Zenni et al., 2022), but also the largest number of invasive species (Dechoum et al., 2021) 

and naturalized plants (Zenni, 2015), which draws our attention to an increased likelihood of more species becoming 

successful invaders in the Atlantic Forest and potentially causing novel environmental damages anytime soon  

(Rejmanék and Randall, 2004). Surprisingly, the country with the second highest number of publications was 

Argentina. We did not expect this result since the extent of subtropical moist forests covers only about 2.6% of its 

territory.  Interestingly, all studies in the country have targeted a single invader (Ligustrum lucidum) in the Southern 

Andean Yungas ecoregion, which had a great extent of its native subtropical montane forests cleared for agricultural 

and grazing, being invaded after land abandonment (Fernandez et al., 2017; Malizia et al., 2017). In addition to L. 

lucidum representing the species whose impacts have been studied in greater detail in our review, we highlight that 

Argentina has been one of the most active countries in contributing to a better awareness of the aforementioned 

species invasion worldwide (Fernandez et al., 2020). 

The virtual absence of studies in the Amazon rainforest is likely related to the fact that these regions 

exhibit fewer invasive species recorded in comparison to more populated areas that have undergone a long-standing 

history of degradation, at least in Brazil (Zenni and Ziller, 2011; Dechoum et al., 2021). Nevertheless, the ongoing 

land use change marked mainly by the conversion of primary forests in the Brazilian Amazon to pastures (Nepstad et 

al., 2014) mean that pressure from non-native grass propagules and areas susceptible to invasion will become 

increasingly extensive (Balch, Nepstad and Curran, 2009). Strong evidence exists related to synergistic effects 

between climate change and forest-to-pasture conversion as drivers of flammable grass invasion in degraded-forest 

edges (D’Antonio and Vitousek, 1992; Balch, Nepstad and Curran, 2009; Veldman et al., 2009; Silvério et al., 2013), 

as well as the negative effects of fire on the structure and functioning of Amazon rainforests (Cochrane and Barber, 

2009; Coe et al., 2013). Knowledge of the magnitude and persistence of the effects of invasion-induced wildfires in 

Neotropical rainforests is still lacking, particularly to disentangle whether the intensity and frequency of fires, as well 

as post-fire vegetation recovery differs in areas with the presence and absence of invasive grasses (Silvério et al., 

2013). Thus, better understanding the mechanisms and consequences of such fire-grass feedbacks is equally 

important to halt losses of native forests by plant invasions that could have been avoided by precautionary 
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management (Nepstad et al., 2008), thereby preventing the Amazon Forest from reaching a fragmentation threshold 

with irreversible erosion of ecosystem services and biodiversity (Alcock, 2003). 

Similarly, the absence of evidence of plant invasion effects in Tropical & Subtropical Coniferous Forests is 

not a good sign since these ecosystems have undergone severe human-mediated disturbances, with much of its 

native pine-oak formations fragmented and depleted in terms of vegetation structure and species composition 

(Galindo-Jaimes et al., 2002). Several factors, such as harsh environmental conditions, relative low connectivity and 

isolation, once perceived as barriers to biological invasions in high-elevation ecosystems, are rapidly shifting as a 

result of climate change and anthropogenic disturbances (Pauchard et al., 2009; Pauchard et al., 2016), in the same 

way that the presence and negative ecological effects of invasive species have been increasingly frequent in harsh 

environments with theoretically high abiotic resistance (Sanderson, McLaughin and Antunes, 2012).  Despite the lack 

of impact studies for an entire Neotropical biome, Richardson et al. (2009) has already pointed out that the impact of 

invasive plants on native pine forests is probably much greater than is showed in the literature, and that such impacts 

can probably be expected for other species and similar regions. Consistent with the review of Zenni et al. (2022) on 

plant invasions in South America, our work stresses that the lack of concrete evidence on the ecological impacts of 

invasive plants in most neotropical countries is a worrying result, because many invasive and naturalized plant species 

have already been detected in some of those countries and recorded in their respective national lists (Zenni et al., 

2022). 

Considering the invasive plants studied, we uncovered the same trend also found by Crystal-Ornelas and 

Lockwood (2020), whereby most species were studied only once. In other words, we still do not know most of the 

impacts that can potentially be caused by these under-studied species. Since the number of problematic invaders is 

presumably much larger than the number of those that have already been addressed (Hulme et al., 2013), there is a 

trade-off in which invasion biologists must weigh up whether to extend research to species for which there is little 

evidence or to increase knowledge about those that have already been studied. There are valid arguments that 

support both decisions. For example, evaluating species that have not yet been studied is crucial to ascertain if the 

invader does indeed threaten any context-specific ecological attribute, bringing insights into the need for further 

research and/or management. On the other hand, replicated measurements at multiple times or locations on a single 

species are necessary to make accurate inferences about their true effects (Crystal-Ornelas and Lockwood, 2020), or 

even to assess impacts on distinct features of the invaded site. Such information is required to allow generalization 

and comparison of estimates obtained from different study settings, such as in meta-analyses (Gundale et al., 2014). 

It should also be considered that the expenditure of research effort on extensively studied species is more relevant 

when they represent good model systems (Hulme et al., 2013), as is the case of Ligustrum lucidum, which is a 

troublesome invasive tree in many countries and presents a biological behavior that is foreseen to become more 

common in the Anthropocene (Fernandez et al., 2020).  

Probably the most prominent example of such a model taxon in invasion ecology is the genus Pinus, as 

the plethora of studies on invasive pines worldwide has played a key role in shedding light to the field of plant 

invasions (Richardson, 2006; Gundale et al., 2014). Although pine invasions occur in many countries and biomes 

throughout South America (Pauchard et al., 2015), we had only one study on its impact in our review (Oliveira et al., 

2014). This low proportion may reflect that non-native pine invasions are more conspicuous in less dense vegetation 

physiognomies (García et al., 2019), being a more pervasive invader in savannas (Abreu and Durigan, 2011), coastal 

scrubs (Mesacasa et al., 2022), mountain grasslands (Falleiros, Zenni and Ziller, 2009), as well as temperate forests 

and steppes (Franzese et al., 2017). However, we also believe that the impacts of the genus may have been poorly 
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described in Neotropical moist and dry forest biomes because, in theory, invasive pines can successfully establish and 

develop self-sustaining populations in disturbed sites. Otherwise, the most species-rich families whose invasion 

impacts have been quantified in Neotropical moist and dry forests are Poaceae and Fabaceae. These results are not 

surprising, since these two botanical families are among the most emblematic contributors to the global naturalized 

(Pyšek et al., 2017) and invasive flora (Pyšek, 1998). Similarly, they are also the families with the highest number of 

invasive (Zenni, 2014) and naturalized plant species in Brazil (Zenni, 2015), the most representative country in our 

review. 

The taxonomic skewness also relates to the over-representation of invasive tree and herb species, with 

few impact studies on shrubs and vines. This pattern may be associated with different introduction efforts. For 

example, shrubs were introduced on much smaller scales in Central and South America compared to tree species 

(Rejmánek, 2014). The most frequent and species-rich herbaceous invasive plants whose impacts were studied are 

perennial African grasses, which have a centuries-long history of cultivation as fodder and have long been perceived 

as a widespread plant cover throughout the American tropics as well as pervasive invaders (Parsons, 1972; Williams 

and Baruch, 2000). Although there is still no information about the history and effort of grass introductions on a 

global scale, it is known that the American continent is a major recipient of a high diversity of these organisms 

(Monnet, 2020). Observing that grasses were the only invasive plants targeted in designed habitat studies is related to 

the necessity of managing these plants in areas undergoing active forest restoration (Román-Dañobeytia et al., 2012; 

D'Antonio, August-Schmidt, & Fernandez-Going, 2016). This result is also supported by Weidlich and colleagues' 

(2020) review, which found that most of the invasive plants controlled in such sites were grasses and forbs.  Because 

of traits such as high fecundity and growth rates, early germination, and efficient dispersal mechanisms (Golivets, 

2014), invasive grasses are able to establish in degraded sites and outcompete both planted native seedlings (Hooper, 

Condit and Legendre, 2002; Román-Dañobeytia et al., 2012) and natural forest regeneration (Ferreira et al., 2016; 

Williams-Linera, Bonilla-Moheno and López-Barrera, 2016). Moreover, the restoration of forest ecosystems may be 

even more threatened due to the trend of more areas becoming prone to non-native grass invasions in South 

America as a result of climate change, especially in tropical regions (Barbosa, 2016). On top of that, the significant 

overlap of target lands for forest restoration with climatically suitable areas for some invasive trees (e.g. Heringer et 

al., 2019) also suggests that restoration efforts could be even more jeopardized by plant invasions in general. 

Areas abandoned after economic exploitation were the most studied habitat. In general they comprise 

highly disturbed ecosystems that are more prone to invasions because of a greater range of empty niches no longer 

occupied by native plants (Hobbs and Huenneke, 1992; Hulme, 2003; Vilà, Pino and Font, 2007; Chytrý et al., 2008; 

Liccari et al., 2020). Under such conditions, non-native plants are more likely to form mono-dominant stands after 

land abandonment and therefore exhibit more conspicuous invasions. In this sense, it could be expected that there 

would be a greater volume of studies in these habitats and in contrast fewer studies in reference sites, because the 

vast majority of deliberately introduced plants have early successional life-history traits that confer them greater 

adaptability to anthropogenic environments (Martin, Canham and Marks, 2008). The general recognition that tropical 

forests with high biodiversity and vegetation cover are more resistant to invasion (Rejmanék, 1996) may be more 

related, therefore, to a smaller pool of current invasive plants able to tolerate shaded understories (Fine, 2002). 

However, one cannot consider that less disturbed forests are immune to biological invasions, since several shade-

tolerant introduced plants exists and are highly invasive of more biodiverse and closed-canopy tropical forests 

(Martin and Marks, 2006; Martin, Canham and Marks, 2008; Assunção, 2019; Castro, 2019). And even if the invasion 

process in these cases is less remarkable because it spreads more slowly compared to environments with high 
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resource availability (Rejmanék and Richardson, 1996; Martin and Marks, 2006), measuring their potential impacts in 

reference habitats is necessary due to the ability of invasive plants to persist throughout succession and exert long-

term negative ecological impacts (Lugo, 2004). 

Considering environments where biological invasions may take time to be noticed, it is of utmost 

importance that field monitoring campaigns in these places take into account the detection of potential disturbance 

drivers such as the arrival of invasive species (Rejmánek, 2001). The information of the time an area has been 

invaded by a particular species is crucial not only for the management and prevention of possible negative ecological 

impacts, but also to enable comparisons of ecological attributes before and after the invasion event as well as 

accurately track their progress over time (Flory and D’Antonio, 2015; Fernandez et al., 2020). For example, the very 

few studies in our review that had ecological data from forest sites before the invasion occurred were from 

permanent plot monitoring (Bellingham, Tanner and Healey, 2005; Bellingham et al., 2018), which eventually 

encouraged research into the role of the invasive species in the native community. Whereas time series evaluations of 

impact shouldn’t be constrained by the lack of exact records of when the invasion occurred, proxies can be useful to 

deal with uncertainty and distinguish between younger and older invasions, such as the density and size of invading 

individuals (Mesacasa et al., 2022), dendrochronology (Xavier et al., 2021), and remote sensing techniques (Paz-

Kagan et al., 2019; Kozhoridze, Dor and Sternberg, 2022; Sabat-Tomala, Raczko and Zagajewski, 2022). While the 

age of the invasion may not be pertinent to answering certain research questions, it is encouraged that the temporal 

context should be more accounted for into invasion research, as changes in ecological and evolutionary processes 

affect the magnitude and direction of impact estimates (Strayer et al., 2006; Barney et al., 2015; Grove, Parker and 

Haubensak, 2017). 

Although impact assessments should go beyond single snapshots in time from comparisons between 

invaded and non-invaded areas (Grove, Parker and Haubensak, 2017), we couldn’t spot such patterns from the 

studies in our review, acknowledging our limitation in not recording the number of repeated measures and study 

length. In this regard, it wasn’t a surprise to find that pairwise comparisons between invaded and non-invaded areas 

were the most widely employed method to quantify the ecological impacts of invasive plants in dry and moist 

Neotropical forests, since observational studies correspond to the primary mode of inquiry in this topic (Stricker, 

Hagan and Flory and D’Antonio, 2015). Despite the clear benefits of this approach in allowing larger scale data 

collection in realistic environmental settings with reduced costs compared to experimental methods, it is often not 

possible to disentangle whether the invasive plant species are actually passengers or drivers of observed outcomes 

(Ricciardi, 2013; Kumschick et al., 2015; Sofaer, Jarnevich and Pearse, 2018; Stricker, Hagan and Flory, 2015). The 

advantages and drawbacks of impact assessment methods have already been discussed in depth elsewhere (e.g. 

Kumschick et al., 2015; Stricker, Hagan and Flory, 2015), with a consensus that combining observational and 

experimental approachs is the way forward to depict cause and effect through more reliable data. Recent work 

carried out by Guido and Pillar (2017) and Mesacasa et al. (2022) are good examples of how comparing removal, 

unmanipulated invaded, and reference uninvaded areas over time are valuable to detect not only the ecological 

impacts but also the ecosystem response after invasive plant control. Both results informed restoration practice by 

showing that invader removal alone was not enough to trigger the successional pathways required for ecosystem 

restoration, also revealing that a reduction in the cover of the target invader can even promote colonization of novel 

invaders (Mesacasa et al., 2022). 

 Acknowledging that the management of invasive plants is usually prompted by the restoration of native 

vegetation, there is a pressing need for carefully designed long-term removal experiments and further monitoring 
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(Kettenrig and Adams, 2011; Prior et al., 2018), since vegetation recovery in terms of structure and species 

composition following removal may not occur in the desired timeframe of a specific management context, or even 

passively fail to converge on uninvaded reference areas without the adoption of revegetation strategies (Kettenrig 

and Adams, 2011; Flory and D’Antonio, 2015; Mesacasa et al., 2022). Although the results of our review point to the 

need for further research integrating observational and experimental methods, the set-up of more robust designs 

implying control and monitoring at larger temporal and spatial scales is usually not feasible due to high logistical and 

operational costs (Barney et al., 2015). While more robust and expensive studies do not fit the budget realities of 

research institutions, purely observational approaches remain very valuable for identifying potential impacts. 

However, appropriate conclusions of causality by these approaches require that confounding factors be isolated as 

much as possible by comparing areas with sufficiently similar environmental characteristics and disturbance histories 

(Kumschick et al., 2015; Schmidt et al., 2020). Modeling methods can also be strategic in order to draw insights 

based on large-scale observations that would be unrealistic through field sampling (Pauchard and Shea, 2006). 

However, potential impact assessments in modeling studies are still poorly developed (Flory and D’Antonio, 2015), 

and its predictions can be challenging based on occurrence records alone, since for most species the availability of 

abundance data are scarce, for example (O’Neill, Bradley and Allen, 2021). 

On the biological scales, there was a high skew of the impacts of invasive plants being quantified at the 

community scale, in particular of native plants. Such a pattern has already been revealed in the global literature of 

invasive species ecological impacts (Crystal-Ornelas and Lockwood, 2020), which might be explained by the general 

concern of invasive species as leading causes of extinctions (Gurevitch and Padilla, 2004) and even the relative 

simplicity of measurement of community-level metrics (Hulme et al., 2013), rather than that other scales are less 

affected in reality. Fewer studies addressing ecosystem-level impacts is a concern not only because understanding 

how invasive plants interfere with ecosystem functioning is relevant to inform policy and management (Barney et al., 

2015; Stricker, Hagan and Flory, 2015), but also because severe changes in the abundance and diversity of native 

species are likely to induce changes in ecosystem pools and fluxes, and vice-versa (Simberloff, 2011). For these 

reasons, Simberloff (2011) argues that in many cases there’s no true distinction of community and ecosystem 

impacts, showing several examples of when negative impacts to resident species fall under the "ecosystem-level 

impact" category. Such mechanistic links of impacts across biological scales should be more explored in further 

studies to differentiate direct and indirect effects as well as to unravel context-dependency (Hulme et al., 2013; 

Hulme, 2014). For example, in studying the invasion of Ligustrum lucidum in subtropical forests under a trait-based 

approach, Fernandez et al. (2021) showed that invasion outcomes in the functional structure of the community was 

related to a combination of different invasiveness mechanisms (i.e., niche differentiation and fitness superiority), as 

well as changes in ecosystem properties. Another recent research concerning an invasive tree, Hovenia dulcis,  

depicted significant changes in allochthonous input of organic matter and litter decomposition rates due to invasion, 

but no marked changes in the associated invertebrate community, and thereby no obvious effect in stream 

functioning (Fontana, Restello and Hepp, 2022). 

In terms of organisms impacted by invasive alien plants, there was a tremendous disproportion in the 

amount of research focused on native plant responses compared to higher trophic levels. These findings are reflected 

in the global literature (Stricker, Hagan and Flory, 2015), which may imply a greater convenience in studying sessile 

as opposed to mobile organisms (Kumschick et al., 2015). Albeit poorly investigated in the scope of our review, the 

diversity, abundance, and activity patterns of native fauna can suffer detrimental effects mainly through altered 

habitat structure and food resource availability (Litt and Pearson, 2022; Cunningham-Minnick and Crist, 2020; 
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Gomes, Carvalho and Gomes, 2018). In a global meta-analysis, Schirmel et al. (2016) showed neutral impacts of 

invasive alien plants on resident animals in forest ecosystems in comparison to other environments, suggesting that a 

sampling bias may underestimate those effects since the existence of multiple vegetation layers makes it difficult to 

detect fauna comprehensively in forests. The study carried out by Cunningham-Minnick and Crist (2020) showed 

that this is particularly important to account for, because invasive plant impacts may differ according to vertical strata 

and, most notably, that the surveyed canopy communities were highly dependent on native plant resources and 

threatened by the invader. As the meta-analysis by Schirmel et al. (2016) was highly skewed towards temperate 

regions from the north hemisphere, we believe that this sampling effect could be even more pronounced in more 

stratified tropical and subtropical forests. In order to leverage the sampling effort in such cases, several taxonomic 

groups could be assessed through passive acoustic monitoring (Aide et al., 2013). Field deployment of recording 

devices coupled with machine learn classifiers could be incorporated into impact study designs, by comparing the 

assemblage of native vocalizing animals between invaded vs. un-invaded areas, and gradients of invasive plant 

abundance, for example. In a two-way street, such an approach can also be of benefit in identifying the occurrence 

of non-native animals (Ribeiro Jr. et al., 2022) as well as underlying disturbance factors in the sites through 

soundscape analysis (Pijanowski et al., 2011). 

In summary, our systematic map demonstrated that the ecological impacts of invasive plants in dry and 

moist Neotropical forests have been increasingly addressed and reported in the peer-reviewed scientific literature. 

Even though several invasive alien plants have been studied, the research efforts are biased towards a few countries, 

plant growth forms, as well as environmental and methodological settings. The majority of studies measured the 

responses of native plant species and communities to plant invasions, specifically in abandoned habitats through 

observational comparisons of invaded vs. un-invaded sites. This relatively data-rich subset provided a unique 

opportunity to quantitatively analyze general patterns and sources of variation in the impacts of invasive plants on 

native plants in tropical and subtropical forests, which was addressed in the second chapter of our research. We also 

emphasize several knowledge gaps that can be filled by new primary studies, especially by: i) combining experimental 

and observational approaches that incorporate the temporal context of invasion; ii) monitoring and quantifying the 

impacts of invasions on more conserved habitats; iii) assesing the responses of native animals and ecosystem 

functioning to invasive plants; iv) as well as measuring how ecological impacts manifest and interact themselves 

across multiple biological scales. Since impacts are among the subjects that still holds less representativeness in the 

field of biological invasions (Funk et al., 2020), we strongly believe that many other topics of equal importance may 

hold a larger volume of studies compared to what we have found, and therefore deserve special attention for further 

synthesis efforts as well. We hope that our work will be useful in raising the scientific community's interest in new 

primary research and potential approaches that can contribute to a better understanding of how and to what extent 

invasive plants of different taxa affect tropical and subtropical forest ecosystems. 
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3. RESPONSES OF NATIVE PLANT SPECIES AND COMMUNITIES TO PLANT INVASIONS IN 

TROPICAL AND SUB-TROPICAL FORESTS: A META-ANALYSIS FOR THE NEOTROPICS 

Abstract 

The synergistic effects of high rates of habitat fragmentation and increasing propagule 
pressure have increased the vulnerability of tropical forests to biological invasions and their negative 
effects. To account for the high context-dependency and heterogeneity that have been observed on 
the effects of invasive plants in Neotropical forests, meta-analysis emerges as a powerful tool to 
investigate how these impacts vary depending on the habitat conditions and specific traits of invasive 
taxa. Althought several meta-analysis have helped to identify and quantify some broad-scale patterns 
in invasion ecology, most of our understanding about these general rules is still derived mostly from 
studies in the northern hemisphere and outside the tropical zone. To fill this gap, we performed a 
multi-level meta-analysis based on 145 effect sizes to estimate the magnitude and direction of the 
effects of terrestrial invasive plants on native plant abundance, diversity, growth and fitness on 
neotropical moist and dry forests. To better understand sources of heterogeneity, we computed the I² 
statistic and accounted for the phylogenetic relatedness of invasive plants, as well as performed 
moderator analyses to test whether biome, invaded habitat and invasive plant growth form affected 
the mean estimates. Overall, we found that impacts were negative and statiscally significant for three 
out of the four variables assessed, with reductions of native plant diversity, abundance, and growth in 
invaded sites of 48,4%, 37.8% and 44.6%, respectively. Estimated results were highly heterogeneous, 
and we did not find evidence of a possible phylogenetic effect. The moderator analysis showed that 
none of the included explanatory variables influenced the magnitude and direction of impact 
estimates. Specifically, responses of native plants to invasive plants were not significantly different 
when the study location was in moist or dry forests, between different invaded habitat typologies, nor 
when the invasive plants were herbaceous or woody species. Although our study could not uncover 
potential sources of variation in the responses assessed due to data related limitations, we provide 
concrete evidence that the ecological impacts of invasive plants on native plant species and 
communities in Neotropical forests is severe and should not be underrated. 

 

Keywords: Effect size, subtropical forest, non-native plants, invasion biology, systematic review, 
meta-analyses, impact 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1. Introduction 
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Tropical forests have long been considered less susceptible to biological invasions than other biomes 

around the world (Elton 1958). This is largely due to the expectations raised by the biotic resistance hypothesis, 

which states that native communities with greater biodiversity tend to make better use of available resources and 

therefore have fewer empty niches that can be occupied by opportunistic invasives (Elton 1958; Hooper et al. 2005). 

In addition, because of the strong association between economic development and higher rates of biological 

invasions, developing countries in the tropics have historically witnessed lower levels of alien species introduction 

compared to developed countries in the northern hemisphere (Nuñez and Pauchard 2010). However, the synergistic 

effects of habitat fragmentation and increasing propagule pressure in tropical ecosystems have increased the 

susceptibility of tropical forests to biological invasions and their negative effects (Dawson, Burslem, and Hulme 

2015; Fine 2002; Lopez 2012; Lövei, Lewinsohn, and Network 2012), especially in ecosystems subject to drastic 

changes in their structural characteristics and species composition such as degraded abandoned sites and secondary 

forests (Colón and Lugo 2006; Dechoum et al. 2015). 

The tropical region where the largest forest cover on Earth (45%) is concentrated has been the target of 

the highest deforestation rates in the last three decades, accounting for 90% of total forest loss on a global scale 

(FAO and UNEP 2020). Abandoned sites targeted for restoration and areas undergoing secondary succession 

correspond to the majority of forest cover in the tropics and are key components in mitigating biodiversity loss and 

providing ecosystem services (FAO 2015; Chazdon 2008; Chazdon et al. 2016). Regeneration of these forests usually 

occur in degraded agricultural areas, where local disturbance factors may facilitate invasion by generalist alien species 

present in the landscape  (Van Kleunen et al. 2010). In several countries of the Neotropics, alien species have been 

introduced for various purposes, such as silviculture, forage, ornamentation, urban afforestation, and erosion control 

(Richardson and Rejmánek 2011; Simberloff et al. 2010), and several life-history traits that are recognized to confer 

invasion potential are shared by these species (Padmanaba and Corlett 2014; Pyšek and Richardson 2007). Despite 

the fact that the vast majority of invasive alien plants have rapid growth and shade-intolerance traits that make them 

adapted to disturbed habitats in early successional stages (Hobbs and Huenneke 1992; Rejmánek, Richardson, and 

Pyšek 2013), many shade-tolerant invaders are of concern because they are able to invade undisturbed forests and 

persist through ecological succession, exerting long-term impacts on the native community (P. H. Martin, Canham, 

and Marks 2009).  

In  Neotropical forests, many species with distinct characteristics are able to invade and cause different 

types of impacts in a wide range of ecosystems. In closed-canopy forests, the invasive tree Artocarpus hererophyllus is 

reported affecting both plant and animal native communities (Fabricante et al. 2012; Gama-Matos et al. 2020), as well 

as the herbaceous Tradescantia zebrina that is commonly found in understories of protected forests (Bail et al. 2022). 

Accordingly, several deforested areas throughout the Neotropics are dominated by invasive grasses such as Melinis 

minutiflora and Saccharum spontaneum, widely known to arrest succession and restoration efforts (César et al. 2014;  

Hooper, Condit, and Legendre 2002). On the other hand, many alien woody plants can persist in the ecosystem after 

land abandonment and influence the successional trajectory of the native community, either by reducing the density 

and diversity of regenerants (Raymundo et al. 2018), or by favoring regeneration of native species by outshading 

other light-dependent invasives and hence supress the above and belowground competition (Brancalion et al. 2020). 

One of the greatest challenges in invasion ecology is to discover patterns and generalizations that may 

exist among the wide variety of ecological impacts of invasive plants (Parker et al. 1999; Ricciardi et al. 2013), which 

is by no means a straightforward endeavor due to the high complexity of interactions between distinct biotic and 

abiotic conditions of invaded habitats and the wide range of particular traits of invasive species and their growth 
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forms (Pyšek et al. 2012). This issue has been discussed for quite some time, with one of the milestones of this 

debate being the work of Parker et al. (1999), which reviewed how the ecological impacts of invasives had been 

empirically quantified, supporting the development of initial theories of these impacts and approaches that new 

research might account for in order to better generalize those measurements. Although at that time the obvious 

insufficiency of primary data still did not allow a comprehensive comparison considering a range of species and 

metrics, the period of increasing volume of publications that has been fostered since then (Crystal-Ornelas and 

Lockwood 2020) makes it feasible to use a statistical approach recommended by the authors for its potential in 

providing new insights and identifying patterns related to the ecological impacts of invasives, which is meta-analysis 

(Parker et al. 1999). 

According to Koricheva, Gurevitch and Mengersen (2013), meta-analysis can be defined as a method of 

evidence synthesis that comprises a set of statistical tools used to combine and synthesize the magnitudes of the 

outcomes across different studies on the same topic. As a powerful approach to address sources of heterogeneity 

that cannot be easily assessed at site-scale observational or experimental single studies (Nakagawa and Santos 2012), 

several meta-analysis have helped to identify and quantify some patterns in invasion ecology, such as how impacts 

scale with climatic gradients (P. A. Martin, Newton, and Bullock 2017), different types of impact (Vilà et al. 2011), 

and different ecosystems (Gioria, Jarošík, and Pyšek 2014). However, most of our understanding about these general 

rules on the ecological impacts of invasive plants is still derived mostly from studies in the northern hemisphere and 

outside the tropical zone (Chong et al., 2021). Meta-analyses also provide an opportunity to assess relationships 

between the phylogenetic relatedness of invasive species and their impacts, which is often difficult in primary 

research since most impact studies targets a single invasive taxa (Hulme et al., 2013). 

Recognizing that there is an available and recent body of evidence of these impacts for the Neotropics, 

we performed a meta-analysis to fill this gap and quantitatively analyze the magnitude and direction of the effects of 

terrestrial invasive plants on native plant species and communities of tropical and subtropical moist and dry forests 

throughout the Neotropical realm. Our main goal was to identify broad-scale patterns to better understand how 

these outcomes vary depending on the measured response variables and the characteristics of both invasive species 

and recipient ecosystems. To do so, in this study we addressed the following research questions: 

i. What is the magnitude and direction of the overall mean effect of invasive alien plants on native 

species (i.e. fitness and growth) and communities (i.e. abundance and diversity) of neotropical 

forest ecosystems by comparing invaded and uninvaded reference sites? 

ii. How much of the heterogeneity of plant invasion impacts on native plants can be attributed to 

the phylogenetic relatedness between invasive species? 

iii. To what extent the overall mean effect sizes are explained by plant growth forms, habitat types 

and forest biomes? 

 

3.2. Methods 

3.2.1. Study eligibility assessment and data extraction 

Rather than performing a literature search, the data collection procedure was performed on the dataset of 

the already systematically mapped articles from the previous chapter of this dissertation, entitled “Reviewing research on 

the ecological impacts of invasive alien plants in neotropical forests: a systematic map approach”. However, since qualitative and 
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quantitative evidence synthesis methods differ in their research questions and goals, the study’s eligibility assessment 

must be based on distinct criteria. For example, systematic maps often answers broad research questions and 

provides a descriptive output. On the other hand, meta-analyses are concerned to combine the results of each study 

and requires great rigor to select the data for a pooled statistical analysis. For the analysis to make sense biologically, 

the study’s settings and design must be quite similar in nature and therefore be critically appraised for inclusion and 

data extraction. For example, comparing studies that are completely different in terms of assumptions and 

assessment methods is something that should be avoided as it biases the results and their correct interpretation (CEE 

2018). Thus, in addition to the inclusion criteria that were determined in the first chapter, the set of articles related to 

impacts on native plant species and communities (n = 55) were screened again for their eligibility in the meta-analysis 

based on the following additional criteria: 

i. We included observational studies comparing the impact of invasive plant  species in invaded vs 

uninvaded reference sites in natural or semi-natural (e.g. species additions in greenhouses and nurseries) 

ecosystems. Thus, we did not include studies where the control site (i.e. uninvaded) had the invasive 

plant removed due to counfounding disturbance effects (Corbin and D’Antonio 2012); 

ii. In case the study addressed more than one invasive species, we included the study only if the 

measurements could be distinguished for each species. If the effect of several invasive plants (i.e. multi-

assemblages) were pooled in a single measure the study wasn’t included; 

iii. When one or more response variables were measured at multiple times (i.e. repeated measures), we 

obtained only the last measurement. This procedure was also valid for studies with measurements in 

different seasons, to avoid selection bias; 

iv. If a given study evaluated areas at different degrees of invasion (i.e. abundance gradient) or compared 

areas where invasion occurred at different times (i.e. chronosequence of invasion), we only compared 

the information between the most invaded areas with the least invaded ones, and the differences 

between non-invaded areas and areas with the longest time of the invader's presence, respectively (Vilà 

et al. 2011); 

v. The study must have provided suitable information about descriptive statistics (i.e. means, standard 

deviations or standard errors) and samples sizes for the invaded and uninvaded groups, that could be 

obtained from text, tables, charts or online supplementary information. If the required data could not be 

obtained from any of the above sources the study was excluded from analysis; 

 
A total of 21 papers with 145 effect sizes that met our criteria were included for the meta-analysis. Details 

about included studies and excluded studies, along with the reasons for exclusion based on full text screening are 

reported in Appendix I and J, respectively. Since the relevant characteristics of the studies that we used as moderator 

variables were already obtained in the systematic map, for the meta-analysis we only extracted the descriptive 

statistics (i.e. means, standard deviation or standard error, and sample sizes) reported in full text and supplementary 

materials to calculate effect sizes.  Descriptive statistics (i.e. means and standard deviations) not readily available in 

texts and tables were extracted from data displayed in published plots using the metaDigitise package in R 

environment (Pick, Nakagawa, and Noble 2019). We tested the consistency of this method by comparing the data 

estimated with metaDigitise with the original data. To do so, we calculated the range of the estimation errors by 

comparing the obtained values from a few papers that presented both extractable plots and descriptive statistics from 

texts. For eight paired comparisons (four of means and four of standard deviations), the average percent error 



56 

between measures was 4.21 % ± 3.22 %. Since the range of estimation errors was only 0.31 – 8.33%, we felt 

confident to use the data obtained from the metaDigitise package in our analyses. 

 

3.2.2. Meta-analysis 

A multi-level (hierarchical) meta-analysis model was used since its assumptions are more suitable for 

biological meta-analyses (Nakagawa et al. 2017), as we expect to have more than one effect size per study. Therefore, 

we also added the study ID and effect-size ID as random factors in a nested structure. We ran separate meta-analysis 

models fitted with restricted maximum likelihood (REML) by subsetting our dataset for each response variable, 

being abundance, diversity, fitness and growth. Similarly, multi-level meta-analysis allowed us to model sources of 

non-independence between effect sizes that are common in ecological and evolutionary meta-analysis (Nakagawa 

and Santos 2012). One of these sources of non-independence is due to the fact that effect sizes that are shared 

among species that are closely related in an evolutionary perspective tend to be more correlated (Nakagawa and 

Santos 2012). Therefore, we constructed a phylogenetic tree for the invasive species present in our dataset using the 

rotl package (Michonneau, Brown and Winter, 2016) in R environment. We further computed the tree branch 

lengths using the ape package (Paradis and Schliep 2019) and included the correlation matrix accounting for the 

phylogenetic relatedness between species as a random effect in our model. This approach is still poorly investigated 

in invasion ecology, and the majority of meta-analysis in the field did not adequately explored wether the impacts of 

invasive species are more similar to those of phylogenetically related species (Kumschick et al. 2015). 

The response variables were standardized by calculating the natural logarithm of the response ratio (lnRR) 

as a metric of the magnitude and direction of effect sizes between exposed (i.e. invaded) and control sites (i.e. 

uninvaded), following the Eq. (2) (Hedges, Gurevitch, and Curtis 1999): 

 

     
   

   
       

Where XE and XC are the means of a response variable in the exposed group (invaded) and control group 

(uninvaded), respectively. The variance of lnRR were calculated following the formula in Eq. (3): 

 

        
      

       
 
  

     
 

        
        

 
Where standard deviation and the sample size in the invaded group are denoted by SDE and nE, and the 

standard deviation and sample size of the control group by SDC and nC, respectively. We chose the lnRR to estimate 

effect sizes because it’s less susceptible to pseudoreplication, since its point estimates (i.e. magnitude of the 

differences between exposure and control) are not weighted by the sample sizes such another common effect size 

metric used for mean differences like Hedges d’ (Noble et al. 2017). Thus, the lnRR is less affected by inflated 

sample sizes obtained from non-independent samples within studies designs.  

The results of our models were presented in orchard plots using the orchaRd R package (Nakagawa et al., 

2020), which show the overall mean effects for each sub-group and its 95% confidence and prediction intervals (CIs 

and PIs, respectively), as well as the individual effect sizes weighted by their precision (1/SE). The effect size was 

considered significant if the upper and lower bounds of confidence intervals did not overlap zero. PIs are not 
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commonly used in tradicional forest plots, but are relevant to show the extent of heterogeneity in the data and the 

expected range of effect sizes likely to be found in future studies (Nakagawa et al., 2020). To better communicate our 

results, we back-transformed the lnRR effect sizes to RR in order to show the percent change in response variables 

due to the presence of invasive species, following the Eq. (4). 

 

                (4) 

 

The I2 statistic for multi-level meta-analytic models was used for assessing the heterogeneity of the results, 

which is the proportion of the variance that is not attributed to sampling error in the data (Nakagawa and Santos 

2012). This method enabled us to obtain the partitioned heterogeneity for each of the three variance components of 

our models, accounting for the percent of true variance attributed to phylogeny, and to between and within-study 

estimates. To better understand sources of variation, we used Likelihood Ratio Tests (LRT) to compare models 

without moderators (i.e., explanatory variables) to models including a set of relevant categorical moderators of both 

invasive plant characteristics (e.g. growth forms) and environmental characteristics of the invaded site (e.g. biome 

and habitat typology). We made these comparisons by running separate models for each moderator if more than 10 

effect sizes per factor level were available (Nakagawa et al. 2017). The explanatory power of each moderator were 

confirmed by the statistical significance of LRTs. 

Publication bias was assessed by visually inspecting funnel plots and by measuring their asymmetry using a 

multi-level model version of Egger's regression, including standard error (i.e., square-root of variance - sqrt(vi)) as a 

moderator in our models (Egger et al. 1997). Funnel asymmetry is confirmed if the estimate obtained for sqrt(vi) is 

statistically significant. Since we did not account for every possible source of non-independence in our dataset, we 

performed a sensitivity analysis with only one randomly selected effect size per study for each model, allowing the 

comparison between the analysis of the whole dataset and the subset. All analyses were conducted in the RStudio 

environment (RStudio Team 2019) using the metafor package (Viechtbauer 2010). 

 

3.3. Results 

Overall, our meta-analysis dataset comprised a total of 145 effect sizes from 21 papers belonging to 14 

different invasive alien plant species (Appendix K), with a minimum of 1 and a maximum of 38 effect sizes per 

article (6.9 ± 9.03). The species with the highest presence in different publications were Ligustrum lucidum (Oleaceae) 

(n = 3) and Artocarpus heterophyllus (Moraceae) (n = 3), followed by Urochloa decumbens (Poaceae), Prosopis juliflora 

(Fabaceae) and Pittosporum undulatum (Pittosporaceae) with two publications each. The observations of the remaining 

nine species came from only one article. When it comes to the number of effect sizes per species, the most 

representative invasive plants were Urochloa brizantha (n = 38), Urochloa decumbens (Poaceae) (n = 25), and Prosopis 

juliflora (Fabaceae) (n = 24). The majority of effect sizes came from studies carried out in Tropical and Subtropical 

Moist Forests (80.7%), while 19.3% from Tropical and Subtropical Dry Forests. Non-field experimental addition 

studies provided the most observations in our dataset, accounting for 50.35% of all effect sizes, whereas abandoned 

habitats, reference habitats, designed habitats and forest edge accounted for 25.52%, 7.59%, 3.45% and 2.1%, 

respectively. The data set showed a proportional representativeness of effect sizes between trees and herbs, with 

51% and 46.9% respectively, being all effect sizes from herbaceous species from non-field studies. Similarly, the few 
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observations from shrub species were all from forest edge habitats (2.1%). Finally, when comparing the distribution 

of observations by type of impact, we found that growth-related variables were the most representative (60.69%), 

along with abundance (20.69%), diversity (13.1%) and fitness (5.52%).  

To answer our main question regarding the magnitude and direction of invasive plant impacts on 

different native plant response variables, we found that impacts were negative and statistically significant for three 

out of the four sub-groups (Figure 8). The magnitude of impacts on community-level metrics was in the order of a 

48.4% reduction in diversity (lnRR = -0.66, p = 0.002, 95% CI: -1.07; -0.25) and 37.8% reduction in native plant 

abundance (lnRR = -0.48, p = 0.007, 95% CI: -0.82; -0.13) in sites invaded by non-native plants. For species-level 

metrics, we identified a 44.6% reduction in native plants growing in competition with invasive plants (lnRR = -0.59, 

p < 0.001, 95% CI: -0.84; -0.34). However, we did not find evidence for significant impacts for fitness responses 

(lnRR = -0.009, p = 0.98, 95% CI: -0.61; 0.59).  

 

Figure 8. Orchard plot for different native plant outcomes showing their mean estimates (lnRR) and associated percent change in 
response to invasive plants. The plot also shows the confidence and prediction intervals (bold and fine lines, respetively), as 
well as individual effect sizes weighted by their precision (inverse variance) and the total heterogeneity (I²). The number of 
effect sizes for each sub-group is denoted “k”, with the number of unique papers in parentheses.  

 

 We found no significant differences between the effects of invasive plants on the assessed response 

variables, meaning that the impacts were relatively similar in both direction and magnitude. Moreover, all subgroups 

showed a high heterogeneity in the results (Table 5). We did not find evidence for an existing phylogenetic signal in 

any response variable. However, it was observed that the impacts of close relatives were somewhat more alike than 

those of distant relative species for abundance responses (Figure 9).  

Table 5. Total heterogeneity (I² Total = percent of variance not attributable to sampling error) for the models and the 
partitioning of the true effect variation attributed to i) phylogeny (I² phylo); ii) differences among effect sizes of included 
studies (I² between-studies); iii) differences among effect sizes from the same study (I² within-study).  
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Outcome I² Total I² phylo I² between-studies I² within-study 

Abundance 93.58 0.0 60.79 32.79 

Diversity 98.96 0.0 0.0 98.96 

Fitness 97.03 0.0 97.03 0.0 

Growth 99.81 0.0 0.84 98.97 

 

Figure 9. Phylogenetic tree and the effects of each invasive plant species on native plant abundance. The plot also shows the 
confidence and prediction intervals (bold and fine lines, respectively), and individual effect sizes weighted by their precision 
(inverse variance). The number of effect sizes for each species is denoted “k”, with the number of unique papers in 
parentheses. 

 

 

Regarding the assessment of wheter the biome, invasive plant growth forms and invaded habitats affected 

the estimates of native plant responses we could only test for the effect of moderators in the growth model, since the 

remaining response variables had only one factor level with more than 10 effect sizes for each environmental and 

biological category (Appendix L). Accordingly, there were no improvements in model fit with the inclusion of these 

characteristics, i.e., the growth responses of native plants were not different when the study location was in moist or 

dry forests (LRT = 0.82, p = 0.36), nor when the invasive plants were herbaceous or woody species (LRT = 0.65, p 

= 0.42), though our observations were highly skewed towards invasive herbs in moist forests. Moreover, these two 

moderators in this subset are completely correlated, with virtually all observations of tree invasions belonging to dry 

forests and invasive herbs in moist forests. 

 The outputs of the sensitivity analysis with each model fitted with only one randomly selected effect size 

per publication showed that the direction and magnitude of invasive plant impacts were nearly similar to the analysis 

of all observations, suggesting that the patterns and interpretations of our results have not quantitatively changed, 



60 

except for the growth variable where the confidence intervals for the mean effect marginally overlapped zero 

(Appendix M). We believe that the lack of significance in this case was due to the limited number of unique articles 

(n = 6), resulting in a sensitivity analysis with low statistical power. In addition, the partitioning of heterogeneity for 

this model showed a high variability among effect sizes within each study (Table 5). That is, since each study 

investigated the growth response of several native species individually, in some cases belonging to different 

functional groups, it is expected that our dataset for these variables would be more heterogeneous. In this regard, we 

confidently discussed the results based on our findings with the complete data. 

 Visual inspection of the funnel plots with the reference line at zero revealed subjectively asymmetric 

patterns, except for the fitness point estimates, suggesting a possible publication bias in our meta-analysis (Appendix 

N). However, the Egger’s regression tests perfomed separately on each of our models quantitatively suggested a lack 

of evidence of publication bias for growth and fitness data, with statistically significant results for abundance and 

diversity (Table 6). In this sense, the estimates obtained for the community-level models should be interpreted with 

caution, since studies indicating results with positive directions or non-significant differences may not have been 

published. However, it is important to note that, according to Egger et al. (1997), funnel asymmetry may exist for 

causes other than publication bias, such as true heterogeneity, data irregularities or even by chance. 

 

Table 6. Outcomes of publication bias analysis using Egger’s regression, including the square-root of variance (sqrt(vi)) as a 
moderator in each model.  

Outcome Sqrt (vi) p-value Lower CI Upper CI 

Abundance -1.72 0.02 -3.14 -0.29 

Diversity -4.16 0.001 -6.73 -1.59 

Fitness -0.25 0.79 -2.08 1.58 

Growth -1.79 0.17 -4.34 0.76 

 

Finally, to overcome the low statistical power of the subsetted moderator analyses, we tested for the 

effects of biome, invaded habitat and species growth form on the full dataset. Additionaly, we also performed all the 

analysis described in our methodology as we did for each response variable model, and decided to report the findings 

to check for general patterns. That said, the overall mean effect size considering all cases (n = 145) as estimated by 

the multi-level meta-analysis was -0.52 (p < 0.0001; 95% CI: -0.71; -0.32), which indicates that invasive alien plants 

exert negative and significant ecological impacts on native plants in Neotropical forest ecosystems, regardless of the 

assessed metrics. Such effect corresponds to a reduction of 40.9% in native plant attributes in the presence of 

invasive species. The dataset total heterogeneity was still very high (I² = 99.70%). Further inclusion of the 

phylogenetic correlation matrix as a random factor in the multi-level model did not account for any observed 

heterogeneity (I² phylo = 0.04%). Even in the full dataset analysis, none of the included moderator variables 

influenced the magnitude and direction of impact estimates (Table 7). Specifically, native plant responses to plant 

invasions did not significantly differ between biomes (p = 0.051), but the overlap of the confidence intervals for the 

two estimates was slight. However, higher negative effects have been recorded on dry forests (lnRR = -0.85, p < 

0.0001) in comparison to moist forests (lnRR = -0.44, p < 0.0001). Likewise, whether the invasive plant growth form 

was woody or herbaceous, the magnitude and direction of effects did not significantly differ (p = 0.88), nor among 

different invaded habitat typologies (p = 0.36). The sensitivity analysis for the complete model (n = 21) also yielded 

similar results compared to the general output (lnRR = -0.52, p = 0.0001, 95% CI: -0.78; -0.27). The assessment of 
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publication bias considering all cases together evidenced the possible existence of publication bias in our meta-

analysis (p = 0.01). However, the bias analyses by subgroups showed that the greatest contribution to this result 

being significant were from community-level effect sizes. 

 

Table 7. Significance of Likelihood Ratio Tests outputs for the inclusion of moderator variables in the full dataset (n = 145).  

Moderators df AIC BIC LRT (X²) p-value 

Biome      

   Full 4 373.37 385.27 3.80 0.05 

   Reduced 3 375.17 384.09   

Growth Form      

   Full 5 378.90 393.79 0.26 0.88 

   Reduced 3 375.17 384.09   

Invaded Habitat      

   Full 7 352.55 372.57 4.35 0.36 

   Reduced 3 348.89 357.48   

 

3.4. Discussion 

Our meta-analysis revealed overall negative and significant effects of invasive plants on native plant 

abundance, diversity and growth in Neotropical moist and dry forests, with neutral effects on fitness. We also 

showed that the magnitude and direction of impacts were very similar among the groups of variables, which was not 

expected since the direction of invasive plant impacts has been proven, on a worldwide perspective, to be highly 

variable and dependent on the ecological metric studied (Pysek et al., 2012). However, it is anticipated that 

comparisons undertaken on a global scale will find greater differences between estimates, especially when contrasting 

community and ecosystem level outcomes, which often tend to be opposite in direction (Vilà et al., 2011; Pysek et 

al., 2012; Torres et al., 2011). While increases in ecosystem processes such as soil properties and microbial activity are 

not so straightforward to be viewed as positive or negative, reductions in native abundance and diversity, on the 

other hand, are unambiguously detrimental to biological conservation (Barney and Tekiela, 2020). 

One of the most documented consequences of numerous invasive plants around the world is the decline 

of native species (Fletcher et al., 2019; Hejda, Pysek and Jarosík, 2009; Morales and Traveset, 2009), especially of 

resident plants (Pysek et al., 2012). As a striking feature of the Anthropocene, the process of simplification of 

ecological communities, termed biotic homogenization, has in biological invasions one of its main causes (McInney 

and Lockwood, 1999). Indeed, a recent overview of this process from a set of over two hundred thousand plant 

species revealed that invasive species are the strongest contributors to changes in beta and alpha diversity worldwide 

(Daru et al., 2021). Accordingly, control of invasive plants that hinder the establishment of a diversity of native 

species has been raised as a necessity to overcome biotic homogenization in habitats undergoing ecological 

restoration (Holl, Luong and Brancalion, 2022). Although the biotic homogenization process can occur due to a 

series of anthropogenic pressures, the introduction of invasive alien species has also been considered one of its most 

determining drivers in the Brazilian Atlantic Forest (Vitule et al., 2021), a Neotropical biodiversity hotspot from 

which the majority of our effect sizes were derived. 
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The largest share of the observations in our meta-analysis corresponded to variables of native plants 

growing in competition with mainly invasive herb species, although they came from a small number of studies 

compared to the other types of impact. The high within-study heterogeneity observed for the growth model could be 

attributed to the fact that species-specific measurements were assessed in each unique paper, and thus are more likely 

to differ in either magnitude and direction (Hulme et al., 2013). For example, some native species can better allocate 

its resources in height to overcome dense stands formed by invasive plants (Nishimura et al., 2010), as well as 

perform poorly in habitats with high invasive plant cover (Castro et al., 2019). Tropical woody species responses to 

above and below-ground competition from invasive grasses also vary depending on species traits such as seed-size 

and shade-tolerance (Hooper, Condit and Legendre, 2002). Even with a narrow data set consisting of few individual 

studies and invasive species, our results suggest that most of the native plants from tropical forests tested have their 

growth impaired by the co-existence of invasive plants. 

Although we did not evidence a significant effect on fitness, we believe this was mainly due to the low 

number of observations, since it was common for establishment and survival data to be excluded due to the lack of 

descriptive statistics such as standard deviation. Contrastingly, the global meta-analysis performed by Vilà et al. 

(2011) on the ecological impacts of invasive plants showed that impacts on fitness were of greater magnitude 

compared to native plant abundance, diversity, and growth, yet considerably more variable. Interestingly, the 

ordination of the average effects for diversity, abundance, and growth in their results was similar to what we found, 

with stronger effects on diversity and weaker on growth. More recently, a meta-analysis on the effects of non-native 

plants on the fitness of native plants clearly showed negative outcomes on many fitness components, especially 

survival, with a precisely adverse impact on forests and tropical biomes (Jauni and Ramula, 2015). Knowing that the 

establishment, fecundity, and survival of new recruits are determinants of population dynamics (Florentine et al., 

2013; Jauni and Ramula, 2015), more studies are needed to broaden the understanding of how the successional 

trajectory of Neotropical forests is affected by different invasive plants and which native species and life cycles are 

more capable of competing in invaded areas. 

We did not find evidence that closely related invasive species have more similar impacts. Analyzing the 

point estimates by species, we showed that all invasive plants had a low number of observations, with most species 

coming from only one study. Hence, a large overlap in both confidence and prediction intervals is observed among 

invasive plants, suggesting that the range of effect sizes between them are highly variable and do not differ 

significantly as a matter of fact. One of the main contributions of phylogenetics to studies of biological invasions has 

been to explain invasion success (Chabrebrie et al., 2019). For example, recent studies showed that the phylogenetic 

relatedness of co-occurring native and invasive species plays a crucial role in promoting invasions in different 

resident communities due to their similarities in environmental adaptations, supporting the environmental filtering 

hypothesis. (Divísek et al., 2018; Lososová et al., 2015). Although there is evidence that native plant reproduction is 

more impaired when the co-occurring invader shares a common ancestor (Jauni and Ramula, 2015), to what degree 

do ecological impacts tend to be more clustered for close related invasive species remain poorly understood. 

The ecological impacts of invasive plants are extremely context-dependent, and several sources of variation 

affect impact estimates, such as biome (Jauni and Ramula, 2015), habitat type (Castro, 2019), differences in native 

and invasive traits (Martin, Newton and Bullock, 2017), and methodological differences between studies (Hulme et 

al., 2013). In this regard, we found a remarkably high heterogeneity in our models, which was not surprising at all, as 

the average value of I² in ecological and evolutionary meta-analyses lies above 90% (Senior et al., 2016). Although 

this statistic is used to validate the use of variables to predict the magnitude of effects (Senior et al., 2016), the 
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complexity of ecological systems and the disparate nature of studies in ecology and evolution by itself is already a 

plausible justification. In our moderator analysis we found no evidence of differences in the magnitude and direction 

of invasive plant impacts across biomes, growth forms, and habitat typology. We therefore believe that the lack of 

evidence is not evidence of absence, because our data set was limited mainly by the unequal proportion of factor 

levels for all moderators (see Appendix L.), and consequently low statistical power (Cuijpers, Griffin and Furukawa, 

2021). We also consider that the broad categories we have adopted may be somewhat artificial, due to the fact that 

the true variations may be associated with fine-scale processes (e.g., Lázaro-Lobo et al., 2021) that could not be 

incorporated into analysis. 

Our research also ran into several other limitations commonly found in meta-analyses of ecological data 

(Koricheva and Gurevitch, 2014). First, we evidenced possible publication bias by quali and quantitative 

perspectives, even though the tests were only statistically significant for the diversity data. Inclusion of gray literature 

is important in evidence syntheses to deal with the fact that primary research with statistically significant and positive 

results in favor of a-priori hypotheses are more likely to be published in peer-reviewed journals (Dickersin 1990; 

Gurevitch and Hedges 1999; J. Lortie et al. 2007). In this sense, meta-analyses that do not include the gray literature 

tend to overestimate the values of effect sizes (Conn et al. 2003). However, since our search for articles was 

extensive and encompassed all the countries' languages in our geographic scope, we strongly believe it is 

representative of the state of the art of research on this particular topic. Second, almost a third of the non-eligible 

articles were because of missing data. Although this issue is beyond our control, several strategies are available to 

ensure a more comprehensive synthesis, such as requesting data from the authors and imputing standard deviations 

(Bishop and Nakagawa, 2021), performing unweighted meta-analysis (Romanelli et al., 2022), and extracting data 

from figures (Pick, Nakagawa and Noble, 2018). Even though we still missed potential information, the data 

extraction by the metaDigitise package was considered satisfactory as it managed to cover a huge number of the 

articles where the data were not explicitly available through texts and tables, as well as it produced accurate estimates. 

Third, we couldn’t address every possible source of non-independence, such as correlations between studies from 

the same research groups (Noble et al., 2017). However, the sensitivity analysis proved the robustness of our results 

by obtaining results similar to those obtained by combining all effect-sizes. 

Overall, our meta-analysis disclosed that plant invasions, mainly from herbaceous and tree species, exert 

negative and significant ecological impacts on abundance, diversity and growth of native plants of Neotropical moist 

and dry forests. Although the limitations of our data did not allow us to make further generalizations about potential 

sources of variation in impacts, we consider the estimated reductions of native plant species and communities in 

exposure to invasive plants as very high and biologically significant. We also recommend that authors do not fail to 

report detailed information in published primary research regarding descriptive statistics, ecological and historical 

data of the invaded and non-invaded areas, as well as the cover of the invader and approximate age of the invasion, 

as they can certainly contribute to future syntheses of greater predictive ability. We hope our study will be 

informative in the context of a paradigm shift in which plant invasions should not be considered less of a concern in 

tropical and subtropical forest ecosystems. 
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4. CONCLUDING REMARKS 

 
In this dissertation, we sought to fill a knowledge gap where most large-scale patterns and generalizations 

of plant invasion ecology are derived from studies and syntheses from temperate regions, especially from countries in 

the global north (Chong et al., 2021). Throughout the two chapters, we used well established methods of evidence-

based research to systematically collate and quantify the ecological impacts of invasive alien plants in Neotropical dry 

and moist forests, therefore contributing to a better understanding of how research is developing in this field, and to 

what extent plant invasions are detrimental to the development of native species and communities.  

In our first chapter we performed a review incorporating principles of systematic mapping to identify 

gaps and trends in primary research published in the peer-reviewed literature on the ecological impacts of invasive 

plants in tropical and sub-tropical forests throughout the Neotropics. From the collated evidence, we showed that an 

increasing number of researchers have been concerned with understanding and communicating how invasive plants 

affect forest environments, but this knowledge is still restricted to a few countries and methodological settings. Most 

of the available knowledge on this subject is based on Brazilian research and moist forest biomes, just as most 

studies measured the responses of native plant species and communities to invasions, specifically in abandoned 

habitats through observational comparisons of invaded vs. un-invaded sites. Our results clearly indicated that further 

primary research should account for combined experimental and observational approaches; measuring impact in 

more undisturbed habitats; as well as assessing how native fauna and ecosystem functioning is affected from plant 

invasions. Our findings from the mapped literature also provided the basis for the development of a meta-analysis in 

the second chapter.  

To our knowledge, in the second chapter we performed the first meta-analysis to synthesize and quantify 

the ecological impacts of several invasive plants on native plants of Neotropical forests, accounting for the effects of 

many invasive plant species in different habitats. Our work disclosed that plant invasions, mainly from herbaceous 

and tree species in moist forests, exert negative and biologically significant ecological impacts on abundance, 

diversity, and growth of native plants. Although our study could not uncover potential sources of variation in the 

responses assessed due to data related limitations, we provide concrete evidence that the ecological impacts of 

invasive plants on native plant species and communities in Neotropical forests is severe and should not be 

underrated. For future synthesis to be of greater predictive power, we recommend that authors of primary research 

should always provide detailed information in their publications, related to ecological and historical data of the 

invaded and non-invaded areas, the cover of the invader and approximate age of the invasion, as well as quantitative 

and statistical data for every measurement undertaken.  

An important message from our study is that evidence synthesis efforts can only be continuously pursued 

as new primary research emerges and and seeks to move beyond the knowledge frontier. As such, we hope that our 

study might foster new primary research capable of filling the current knowledge gaps that we highlighted, in order 

to increase our understanding of how and to what extent invasive plants of different taxa affect tropical and 

subtropical forest ecosystems. 
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APPENDICES 

APPENDIX A. Focused naïve search employed to identify a set of articles of high relevance to the topic of this 
review. The searches were carried out on 17/03/2021. 

 

  

Bibliographical 

Sources 

Search terms 

 
Web of Science (Core 

Collection: SCI-E, SSCI, 

ESCI; All years; All 

documents; TOPIC) 

 
 
Scopus (All years, All 

documents and Access 

type;TITLE-ABS-KEY) 

 

 
(("invasive plant*" OR "introduced plant*" OR "alien plant*" OR "exotic plant*" OR 

"non-native plant*" OR "nonnative plant*" OR "non-indigenous plant*" OR 

"nonindigenous plant*" OR "plant invasion") AND ("impact*" OR "effect*" OR 

"affect*") AND ("secondary forest*"  OR "second-growth forest*"  OR "secondary 

succession*"  OR "forest* regenerat*"  OR "regenerating forest*"  OR "natural* 

regenerat*"  OR "tropical forest*"  OR "rain forest*"  OR "rain-forest*"  OR 

"rainforest*"  OR "dry forest*")) 
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APPENDIX B. R Script used in litsearchr package. 

 

library(litsearchr) 

library(devtools) 

library(revtools) 

library(stringi) 

library(stringr) 

 

getwd() 

 

naiveimport <- litsearchr::import_results(file = c("woss.bib", 

"scops.bib"), verbose = TRUE) 

                                           

naiveresults <- litsearchr::remove_duplicates(naiveimport, field = "title",  

                                          method = "string_osa") 

 

rakedkeywords <- litsearchr::extract_terms(text = paste(naiveresults$title,  

                                          naiveresults$abstract),  

                                          method = "fakerake", min_freq =2,  

                                          ngrams = TRUE,  

                                          min_n = 2, language = "English") 

 

taggedkeywords <- litsearchr::extract_terms(keywords =         

naiveresults$keywords,  

                                          method = "tagged",  

                                          min_freq = 2, ngrams = TRUE,  

                                          min_n = 2, language = "English") 

 

all_keywords <- unique(append(taggedkeywords, rakedkeywords)) 

 

naivedfm <- litsearchr::create_dfm(elements = paste(naiveresults$title,  

                                          naiveresults$abstract),  

                                          features = all_keywords) 

 

naivegraph <- litsearchr::create_network(search_dfm = as.matrix(naivedfm),  

                                          min_studies = 2, min_occ = 2) 

 

cutoff <- litsearchr::find_cutoff(naivegraph, method = "cumulative", 

percent = .80, imp_method = "strength") 

 

reducedgraph <- litsearchr::reduce_graph(naivegraph, cutoff_strength = 

cutoff[1]) 

 

searchterms <- litsearchr::get_keywords(reducedgraph) 

 

options(max.print = 2000) 

 

head(searchterms, 2000) 

 

write.csv(searchterms, "search_terms.csv") 
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APPENDIX C. R Script used in the revtools package. 

 
library(tidyr) 

library(dplyr) 

library(stringr) 

library(openxlsx) 

library(revtools) 

 

wos_1 <- read_bibliography("./wos1.bib") 

wos_2 <- read_bibliography("./wos2.bib") 

wos_3 <- read_bibliography("./wos3.bib") 

wos_4 <- read_bibliography("./wos4.bib") 

 

scopus <- read_bibliography("./scopus.bib") 

 

cab_1 <- read_bibliography("./cab1.ris") 

cab_2 <- read_bibliography("./cab2.ris") 

 

wos_5 <- merge_columns(wos_1, wos_2) 

wos_6 <- merge_columns(wos_3, wos_4) 

wos_7 <- merge_columns(wos_5, wos_6) 

 

cab_3 <- merge_columns(cab_1, cab_2) 

 

names(wos_7) 

names(scopus) 

names (cab_3) 

 

wos_8 <- wos_7 %>% 

mutate(source = paste0("web_of_science")) 

 

cab_4 <- cab_3 %>% rename (source = "DB") 

 

data <- merge_columns(wos_8, scopus) 

data_1 <- merge_columns(data, cab_4) 

 

data_2 <- data_1 %>% 

        arrange(title) %>%  

        mutate(code = paste0("article", seq(1:4791))) %>%  

        select(code, everything())  

 

write.xlsx(data_2, file = "./planilha_total.xlsx") 

 

write.csv(data_2, file = "./planilha_total.csv",  

        row.names = FALSE, 

        fileEncoding = "UTF-8") 

 

duplicates_doi <- find_duplicates(data_2, 

                                  match_variable = "doi", 

                                  match_function = "exact", 

                                  method = NULL) 

 

data_3 <- extract_unique_references(data_2, duplicates_doi) 

 

data_4 <- data_3 %>% rename(doi_duplicates = "n_duplicates") 

 

sum(data_4$doi_duplicates) 

 

duplicates_title <- find_duplicates(data_4, 

                                  match_variable = "title", 
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                                  match_function = "stringdist", 

                                  method = "osa", 

                                  threshold = 1,   

                                  to_lower = T, 

                                  remove_punctuation = T) 

 

data_5 <- extract_unique_references(data_4, duplicates_title) 

 

data_6 <- data_5 %>% rename(title_duplicates = "n_duplicates") 

 

sum(data_6$title_duplicates) 

 

data_7 <- data_6 %>% 

        mutate(duplicatas = title_duplicates + doi_duplicates - 1) 

 

sum(data_7$duplicatas) 

 

write.xlsx(data_7, file = "./final_dataset_duplicatas_removidas.xlsx")  
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APPENDIX D. List of included articles in the systematic map (n = 67) at full text screening. 
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Network Example.” Urban Forestry and Urban Greening 64 (August). 

https://doi.org/10.1016/j.ufug.2021.127298. 

Flooded Grasslands and Savannas 

Biome. Also, not invasive plants. 

Vourlitis, George L., Francisco de Almeida Lobo, Marcelo Sacardi Biudes, 

Carmen Eugenia Rodríguez Ortíz, and Jose de Souza Nogueira. 2011. “ 

Spatial Variations in Soil Chemistry and Organic Matter Content across a 

Vochysia Divergens Invasion Front in the Brazilian Pantanal .” Soil 

Science Society of America Journal 75 (4): 1554–61. 

https://doi.org/10.2136/sssaj2010.0412. 

Wetland. Flooded Grasslands and 

Savannas.  

Whitworth-Hulse, Juan I., Patricio N. Magliano, Sebastián R. Zeballos, Diego 

E. Gurvich, Florencia Spalazzi, and Esteban Kowaljow. 2020. 

“Advantages of Rainfall Partitioning by the Global Invader Ligustrum 

Lucidum over the Dominant Native Lithraea Molleoides in a Dry 

Forest.” Agricultural and Forest Meteorology 290 (April): 108013. 

https://doi.org/10.1016/j.agrformet.2020.108013. 

Chaco Serrano Ecoregion (Savanna). 
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Wolfe, Brett T., Raúl Macchiavelli, and Skip J. Van Bloem. 2019. “Seed Rain 

along a Gradient of Degradation in Caribbean Dry Forest: Effects of 

Dispersal Limitation on the Trajectory of Forest Recovery.” Applied 

Vegetation Science 22 (3): 423–34. https://doi.org/10.1111/avsc.12444. 

Land use comparisons. 

Zamith, Luiz R., and Fábio R. Scarano. 2006. “Restoration of a Restinga 

Sandy Coastal Plain in Brazil: Survival and Growth of Planted Woody 

Species.” Restoration Ecology 14 (1): 87–94. 

https://doi.org/10.1111/j.1526-100X.2006.00108.x. 

Not impact, not invasion. They 

performed an experiment by 

introducing restinga shrubs and trees 

into a degraded sandy coastal plain to 

assess the feasibility of native plant 

reintroduction. 

Zangaro, Waldemar, Luis Eduardo Azevedo Marques Lescano, Enio Massao 

Matsuura, Artur Berbel Lirio Rondina, and Marco Antonio Nogueira. 

2016. “Differences between Root Traits of Early- and Late-Successional 

Trees Influence below-Ground Competition and Seedling 

Establishment.” Journal of Tropical Ecology 32 (4): 300–313. 

https://doi.org/10.1017/S0266467416000274. 

Did not mention the alien plant as 

invasive. 

Zeballos, Sebastián R., Paula A. Tecco, Marcelo Cabido, and Diego E. 

Gurvich. 2014. “Composición de Especies Leñosas En Comunidades 

Invadidas En Montañas Del Centro de Argentina: Su Relación Con 

Factores Ambientales Locales.” Revista de Biología Tropical 62 (4): 1549. 

https://doi.org/10.15517/rbt.v62i4.12995. 

Investigated the environmental factors 

that underlie the replacements of 

native forests by exotic dominated 

stands. Invasibility study concluding 

that the woody invaders have the 

potential to colonize almost all the 

environments of the study site. Also, 

the study site is under the biome 

Grasslands, Savannas and Shrublands. 

Zimmermann, Thalita G., Antonio C.S. Andrade, and David M. Richardson. 

2017. “Abiotic Barriers Limit Tree Invasion but Do Not Hamper Native 

Shrub Recruitment in Invaded Stands.” Biological Invasions 19 (1): 109–29. 

https://doi.org/10.1007/s10530-016-1267-2. 

The main research questions care 

about the influence of abiotic factors 

on the recruitment of invasive and 

native shrubs under a non-native stand 

(it was planted) and a preserved 

restinga. 

Zucaratto, Rodrigo, and Alexandra dos Santos Pires. 2014. “The Exotic Palm 

Roystonea Oleracea (Jacq.) O.F. Cook (Arecaceae) on an Island within 

the Atlantic Forest Biome: Naturalization and Influence on Seedling 

Recruitment.” Acta Botanica Brasilica 28 (3): 417–21. 

https://doi.org/10.1590/0102-33062014abb3473. 

The species wasn't invasive yet when 

the study was performed, as the 

authors stated that the species did not 

spread into areas away from the 

introduction sites. They evaluated the 

impact of an introduced population on 

native. 

 
  



95 
 

  

APPENDIX F. Definitions of invaded habitat typology by Kueffer and Dahler, 2009). 

Typology of Invaded Habitat Definition 

Anthropogenic Habitat Anthropogenic habitats include agricultural and urban land, plantation forestry, 

ruderal and waste sites, or roadsides. These sites are characterized by high levels 

of unused resources (especially light and nutrients), frequent or large 

disturbances, and high inputs of alien species propagules (Fig. 5.2). Species 

diversity is often low, and empty niche opportunities for invasive species are 

common. 

Reference Habitat They typically are relatively undisturbed habitats dominated by native species. 

Reference habitats are often characterized by high functional and species 

diversity and low levels of unused resources. Empty niche opportunities are 

relatively low and pest loads and diversity are high. Nowadays, many reference 

habitats are on marginal land that is characterized by harsh environmental 

conditions (e.g. high altitude or dry habitats). All these factors in combination 

may make reference habitats more resistant to invasions than disturbed habitats 

Abandoned Habitat Abandoned habitats are areas that have been heavily disturbed or intensively 

managed in the past, e.g. old fields or abandoned plantation forests, or they are 

former reference habitats that have been highly degraded due to anthropogenic 

influence or invasion. Abandoned habitat often contains new combinations of 

native and alien species, and such ecosystems have been termed novel 

ecosystems or emerging ecosystems. The terms abandoned habitat and novel 

ecosystem are similar, but abandoned habitat does not imply that ecosystem 

properties have to be novel. 

Designed Habitat Designed habitat is deliberately and strongly manipulated by humans to create a 

new habitat that suites conservation objectives. Designed habitat is 

characterized by its constantdependence on management. In an early 

management phase, designed habitat will typically be ecologically similar to 

anthropogenic habitat insofar as ecosystem patterns and processes are often 

simplified, and light availability will typically be high because of the removal of 

former vegetation. In contrast to anthropogenic habitat, however, soils will 

often be degraded and fertility low. 
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APPENDIX G. Empirical designs used to quantify the ecological impacts of invasive species (Kumschick et al., 
2015). 
 

Empirical designs Definições 

Invaded vs. Uninvaded 

Observational approach comparing areas with the presence of 

the invasive species with areas where the invasive species is 

absent 

Abundance gradient 
Observational approach along a gradient of invasive species 

abundance 

Chronosequence of invasion Comparison between stages with different times since invasion  

Before vs. After Comparison of areas before and after the invasion 

Invaded vs. Removal  

Experimental approach comparing areas with the presence of 

the invasive species and areas with the invasive species 

removal treatment 

Removal vs. Uninvaded reference 

Experimental approach comparing the invasive species 

removal treatment with a reference site without the presence 

of the invasive species 

Invasive and native removal comparisons 
Experimental approach combining invasive species removal 

treatments with native species removal 
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APPENDIX H. Ecological impacts caused by invasive alien plants classified by biological scale, impact types and 
response variables (Vilà et al., 2011). 

 
Biological scale Impact type Response variables 

Plant species 
Fitness 

Seed set, germination rate, seedling establishment, survival, 

mortality 

Growth Increase in size of whole plants or plant parts 

Plant communities 

Production Biomass, Net Primary Productivity 

Abundance Plant number, density, cover 

Diversity Alpha diversity, richness, evenness 

Animal species 
Fitness Egg production, adult emergence, survival, mortality 

Growth Increase in size of whole animals at any life stage 

Animal communities 

Production Biomass 

Abundance Density, visits, counts 

Diversity Alpha diversity, richness 

Behaviour Grazing, predation, mobility, activity 

Ecosystems 

Soil O.M Soil organic matter 

C pools Soil, litter, plant Carbon 

N pools Soil, litter, plant Nitrogen 

N available NO3 and/or NH4 in soil 

N mineralization Nitrogen mineralization rate 

N nitrification Nitrogen nitrification rate 

P pools Soil, litter, plant Phosphorus 

C/N Soil, litter, plant Carbon/Nitrogen  

Microbial activity Activity of soil bactéria, fungi or enzymes 

pH pH 

Litter 

decomposition 

Litter decomposition rate 

Salinity Soil Na, electrical conductivity 

Soil moisture Soil water content 
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APPENDIX I. List of included articles (n = 22) for meta-analysis on the responses of native plant species and 
communities to invasive plants in Neotropical forests. 

Reference 
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Assunção, Andressa Cristina Ribeiro, Ricardo Vieira Alexandrino, Alessandra Nasser Caiafa, and Guilherme de 

Oliveira. 2019. “The Invasion of Artocarpus Heterophyllus, Jackfruit, in Protected Areas under Climate 
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(2): 481–92. https://doi.org/10.1007/s10530-018-1840-y. 

Ayup, M. M., L. Montti, R. Aragón, and H. R. Grau. 2014. “Invasion of Ligustrum Lucidum (Oleaceae) in the 

Southern Yungas: Changes in Habitat Properties and Decline in Bird Diversity.” Acta Oecologica 54: 72–81. 

https://doi.org/10.1016/j.actao.2013.03.006. 

Bellingham, Peter J., Edmund V.J. Tanner, and John R. Healey. 2005. “Hurricane Disturbance Accelerates 

Invasion by the Alien Tree Pittosporum Undulatum in Jamaican Montane Rain Forests.” Journal of Vegetation 

Science 16 (6): 675. https://doi.org/10.1658/1100-9233(2005)016[0675:hdaibt]2.0.co;2. 

Bellingham, Peter J., Edmund V.J. Tanner, Patrick H. Martin, John R. Healey, and Olivia R. Burge. 2018. 

“Endemic Trees in a Tropical Biodiversity Hotspot Imperilled by an Invasive Tree.” Biological Conservation 217 

(October 2017): 47–53. https://doi.org/10.1016/j.biocon.2017.10.028. 

Ceballos, Sergio J., Agustina Malizia, and Natacha P. Chacoff. 2015. “Influence of the Invasion of Ligustrum 

Lucidum (Oleaceae) on Liana Community in Sierra de San Javier (Tucumán - Argentina).” Ecologia Austral 25 

(1): 65–74. 

Ceballos, Sergio Javier, Agustina Malizia, and Natacha Chacoff. 2020. “Alternative Pathways of Liana 

Communities in the Forests of Northwestern Argentina.” Biotropica 52 (3): 533–40. 

https://doi.org/10.1111/btp.12765. 

César, R G, R A G Viani, M C da Silva, and P H S Brancalion. 2014. “Does a Native Grass (Imperata Brasiliensis 

Trin.) Limit Tropical Forest Restoration like an Alien Grass (Melinis Minutiflora P. Beauv.)?” Tropical 

Conservation Science 7 (4). 
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Viviane Amorim Ferreira. 2012. “Invasão Biológica de Artocarpus Heterophyllus Lam. (Moraceae) Em Um 

Fragmento de Mata Atlântica No Nordeste Do Brasil: Impactos Sobre a Fitodiversidade e Os Solos Dos 

Sítios Invadidos.” Acta Botanica Brasilica 26 (2): 399–407. https://doi.org/10.1590/s0102-33062012000200015. 

Ferreira, Leandro V, P I A Parolin, and Darley C L Matos. 2016. “The Effect of Exotic Grass Urochloa 

Decumbens (Stapf) R. D. Webster (Poaceae) in the Reduction of Species Richness and Change of Floristic 

Composition of Natural Regeneration in the Floresta Nacional de Carajás, Brazil.” Anais Da Academia 

Brasileira de Ciencias 88 (1): 589–97. 

Gomes, Milena, Eliana Cazetta, Ricardo Bovendorp, and Deborah Faria. 2021. “Jackfruit Trees as Seed Attractors 

and Nurses of Early Recruitment of Native Plant Species in a Secondary Forest in Brazil.” Plant Ecology 222 
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Matos, F. A. R, D. P Edwards, L. F Magnago, G Heringer, A. V Neri, T. K BUTTSCHARDT, R. D ZENNI, et 
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Ortega-Pieck, Aline, Fabiola López-Barrera, Neptalí Ramírez-Marcial, and José G. García-Franco. 2011. “Early 
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Schmidt, Alexandre Deschamps, Tânia Tarabini Castellani, and Michele de Sá Dechoum. 2020. “Biotic and 
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Prosopis Juliflora Is a Serious Threat to Native Species of the Brazilian Caatinga Vegetation.” Science of the 
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APPENDIX J. List of excluded articles for meta-analysis (n = 33) at full text screening along with reasons for 
exclusion. 

Reference Reasons for exclusion 

Andrade, Leonaldo Alves de, Juliano Ricardo Fabricante, and Francieldo Xavier de 

Oliveira. 2010. “Impact of the Invasion of Prosopis Juliflora (Sw.) DC. (Fabaceae) 

in Areas of Caatinga in the State of Paraíba, Brazil.” Acta Scientiarum - Biological 

Sciences 32 (3): 249–55. https://doi.org/10.4025/actascibiolsci.v32i3.4535. 

No descriptive statistics 

provided. 

Avalos, Gerardo, Kelly Hoell, Jocelyn Gardner, Scott Anderson, and Conor Lee. 2006. 

“Impact of the Invasive Plant Syzigium Jambos (Myrtaceae) on Patterns of 

Understory Seedling Abundance in a Tropical Premontane Forest, Costa Rica.” 

Revista de Biologia Tropical 54 (2): 415–21. 

https://doi.org/10.15517/rbt.v54i2.13883. 

No descriptive statistics 

provided. 

Baptiste, Alberto Jean, Pedro A. Macario, Gerald A. Islebe, Benedicto Vargas-Larreta, 

Luciano Pool, Mirna Valdez-Hernández, and Jorge O. López-Martínez. 2019. 

“Secondary Succession under Invasive Species (Pteridium Aquilinum) Conditions 

in a Seasonal Dry Tropical Forest in Southeastern Mexico.” PeerJ 2019 (5): 1–16. 

https://doi.org/10.7717/peerj.6974. 

It is not known whether 

Pteridium is invasive or 

not. 

Bello, Carolina, Ana Laura P. Cintra, Elisa Barreto, Maurício Humberto Vancine, 

Thadeu Sobral-Souza, Catherine H. Graham, and Mauro Galetti. 2021. 

“Environmental Niche and Functional Role Similarity between Invasive and 

Native Palms in the Atlantic Forest.” Biological Invasions 23 (3): 741–54. 

https://doi.org/10.1007/s10530-020-02400-8. 

Modeling outputs. 

Beltrán, Luis C., Karla María Aguilar-Dorantes, and Henry F. Howe. 2020. “Effects of 

a Recalcitrant Understory Fern Layer in an Enclosed Tropical Restoration 

Experiment.” NeoBiota 59 (July): 99–118. 

https://doi.org/10.3897/NEOBIOTA.59.51906. 

Only inferential 

statistics provided. 

https://doi.org/10.7717/peerj.6974
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Brandão, Jeane de Fátima Cunha, Sebastião Venâncio Martins, and Isac Jonatas 

Brandão. 2017. “Potencial de Regeneração de Uma Área Invadida Por Pteridium 

Aquilinum No Parque Nacional Do Caparaó.” Floresta 46 (4): 543–52. 

https://doi.org/10.5380/rf.v46i3.41387. 

Compared areas with 

different environmental 

characteristics (seed rain 

in mono-dominant site 

invaded by fern and in a 

closed canopy forest). 

Brown, Kerry A., F. N. Scatena, and Jessica Gurevitch. 2006. “Effects of an Invasive 

Tree on Community Structure and Diversity in a Tropical Forest in Puerto Rico.” 

Forest Ecology and Management 226 (1–3): 145–52. 

https://doi.org/10.1016/j.foreco.2006.01.031. 

According to our 

criteria, the analysis 

should compare 

information between 

the most invaded sites 

with the least invaded 

ones (abundance 

gradient study). 

However, the data 

wasn't provided for 

each site. Also, each site 

had other non-natives 

included in their analysis 

among the invader.  

Carrera-Martínez, Roberto, Laura A. Aponte-Díaz, Jorge Ruiz-Arocho, Alexander 

Lorenzo-Ramos, and David A. Jenkins. 2019. “The Effects of the Invasive 

Harrisia Cactus Mealybug (Hypogeococcus Sp.) and Exotic Lianas (Jasminum 

Fluminense) on Puerto Rican Native Cacti Survival and Reproduction.” Biological 
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Effects of invasive 
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the effects of an 

invasive mealybug 

infestation. 
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Pteridium Aquilinum (Dennstaedtiaceae) Affect the Ecological Succession in 
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Research 29 (10): 14195–205. https://doi.org/10.1007/s11356-021-16761-7. 

It is not known whether 

Pteridium is invasive or 

not. 

Ceballos, Sergio Javier. 2020. “Vascular Epiphyte Communities in Secondary and 

Mature Forests of a Subtropical Montane Area.” Acta Oecologica 105 (March): 

103571. https://doi.org/10.1016/j.actao.2020.103571. 

Only inferential 

statistics provided. 

Chiba De Castro, Wagner A., Rafael O. Xavier, Federico H.L. Garrido, Jair H.C. 

Romero, Cleto K. Peres, and Ruberval C. Da Luz. 2019. “Fraying around the 

Edges: Negative Effects of the Invasive Tradescantia Zebrina Hort. Ex Bosse 

(Commelinaceae) on Tree Regeneration in the Atlantic Forest under Different 

Competitive and Environmental Conditions.” Journal of Plant Ecology 12 (4): 713–

21. https://doi.org/10.1093/jpe/rtz009. 

Removal experiment, 

with no un-invaded area 

for comparison. 

https://doi.org/10.1007/s11356-021-16761-7
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Leite, Eder Aparecido Garcia, Walter da Silva Costa, Antonio de Souza Chaves, 

and Pablo Falco Lopes. 2018. “Exotic Palms Threatens Native Palms: A Risk To 

Plant Biodiversity of Atlantic Forest.” Revista Árvore 42 (2). 

https://doi.org/10.1590/1806-90882018000200016. 

Compared primary un-

invaded and invaded 

secondary forest. Sites 

differ in their 

environmental 

characteristics. 

Fernandez, Romina D., Pilar Castro-Díez, Roxana Aragón, and Natalia Pérez-

Harguindeguy. 2021. “Changes in Community Functional Structure and 

Ecosystem Properties along an Invasion Gradient of Ligustrum Lucidum.” Journal 

of Vegetation Science 32 (6): 1–13. https://doi.org/10.1111/jvs.13098. 

No descriptive statistics, 

only correlation from 

models (degrees of 

freedom, F-value, p-

value, and R²). 

Fiore, Nathalia V., Carolina C. Ferreira, Maíra Dzedzej, and Klécia G. Massi. 2019. 

“Monitoring of a Seedling Planting Restoration in a Permanent Preservation Area 

of the Southeast Atlantic Forest Biome, Brazil.” Forests 10 (9): 1–12. 

https://doi.org/10.3390/f10090768. 

No un-invaded 

reference plot for 

comparison.  

Flombaum, Pedro, Roxana Aragón, and Enrique J. Chaneton. 2017. “A Role for the 

Sampling Effect in Invaded Ecosystems.” Oikos 126 (9): 1229–32. 

https://doi.org/10.1111/oik.04221. 

They synthesized 

existing information 

using a dataset from a 

network of permanent 

monitoring plots (141 

forest plots). Correlative 

study. 

Fonseca, N.C., A.S. Albuquerque, M.J.H. Leite, and C.S. Lira. 2016. “Similaridade 

Florística e Colonização Biológica de Prosopis Juliflora [(Sw) DC] Ao Longo Do 

Rio Paraíba.” Nativa 4 (6): 392–97. https://doi.org/10.14583/2318-

7670.v04n06a08. 

No un-invaded 

reference plot for 

comparison. 

Hooper, Elaine, Richard Condit, and Pierre Legendre. 2002. “Responses of 20 Native 

Tree Species to Reforestation Strategies for Abandoned Farmland in Panama.” 

Ecological Applications 12 (6): 1626–41. https://doi.org/10.1890/1051-

0761(2002)012[1626:RONTST]2.0.CO;2. 

Removal experiment, 

with no un-invaded area 

for comparison. 

Hooper, Elaine, Pierre Legendre, and Richard Condit. 2005. “Barriers to Forest 

Regeneration of Deforested and Abandoned Land in Panama.” Journal of Applied 

Ecology 42 (6): 1165–74. https://doi.org/10.1111/j.1365-2664.2005.01106.x. 

Removal experiment, 

with no un-invaded area 

for comparison. 

Hooper, Elaine R., Pierre Legendre, and Richard Condit. 2004. “Factors Affecting 

Community Composition of Forest Regeneration in Deforested, Abandoned 

Land in Panama.” Ecology 85 (12): 3313–26. https://doi.org/10.1890/03-0655. 

Removal experiment, 

with no un-invaded area 

for comparison. 
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Levy-Tacher, Samuel I., Ivar Vleut, Francisco Román-Dañobeytia, and James 

Aronson. 2015. “Natural Regeneration after Long-Term Bracken Fern Control 

with Balsa (Ochroma Pyramidale) in the Neotropics.” Forests 6 (6): 2163–77. 

https://doi.org/10.3390/f6062163. 

Removal experiment, 

with no un-invaded area 

for comparison. 

Lichstein, Jeremy W, H Ricardo Grau, and Roxana Aragón. 2004. “Recruitment 

Limitation in Secondary Forests Dominated by an Exotic Tree.” Journal of 

Vegetation Science 15: 721–28. 

Only inferential 

statistics provided. 

Machado, Marcela Xavier, Tânia Tarabini Castellani, and Michele de Sá Dechoum. 

2020. “Integrating Management Techniques to Restore Subtropical Forests 

Invaded by Hedychium Coronarium J. Köenig (Zingiberaceae) in a Biodiversity 

Hotspot.” Restoration Ecology 28 (5): 1273–82. https://doi.org/10.1111/rec.13213. 

Removal experiment, 

with no un-invaded area 

for comparison. 

Mantoani, Maurício Cruz, Gabriela Ribeiro de Andrade, Alba Lúcia Cavalheiro, and 

Jose Marcelo Domingues Torezan. 2012. “Efeitos Da Invasão Por Panicum 

Maximum Jacq. e Do Seu Controle Manual Sobre a Regeneração de Plantas 

Lenhosas No Sub-Bosque de Um Reflorestamento.” Semina: Ciências Biológicas e Da 

Saúde 33 (1): 97–110. https://doi.org/10.5433/1679-0367.2012v33n1p97. 

Removal experiment, 

with no un-invaded area 

for comparison. 

Mantoani, Maurício Cruz, Jézili Dias, Mário Luís Orsi, and Jose Marcelo Domingues 

Torezan. 2013. “Efeitos Da Invasão Por Tradescantia Zebrina Heynh. Sobre 

Regenerantes de Plantas Arbóreas Em Um Fragmento de Floresta Estacional 

Semidecidual Secundária Em Londrina (PR).” Biotemas 26 (3). 

https://doi.org/10.5007/2175-7925.2013v26n3p63. 

No descriptive statistics 

provided. 
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APPENDIX K. Phylogenetic tree of the invasive plant species present in the meta-analysis dataset. 
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APPENDIX L. Number of factor levels (observations) per moderator for each response variable model. 

Moderators  Abundance Diversity Fitness Growth 

Biome     
    Tropical & Subtropical Moist Forest 29 16 7 55 
    Tropical & Subtropical Dry Forest 1 3 1 23 
Invaded Habitat     
    Abandoned 21 13 2 1 
    Designed (Active Restoration) 1 - 2 2 
    Forest Edge 3 - - - 
    Reference 5 6 - - 
    Non-Field - - 4 69 
Growth Form     
    Herb 1 1 2 64 
    Shrub 3 - - - 
    Tree 26 18 6 24 
Study Design     
    Abundance Gradient - - - - 
    Chronosequence of Invasion 11 2 - - 
    Invaded vs. Uninvaded 19 17 4 19 
    Addition - - 4 69 
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APPENDIX M. Orchard plot showing the outcomes of sensitivity analysis, where the models were fitted with only 
one randomly selected effect size per article for each response variable. 
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APPENDIX N. Funnel plots for each multi-level model, where: A) Abundance; B) Diversity; C) Fitness; D) 
Growth. 

 

  

APPENDIX O. Funnel plot for the multi-level meta-analysis model considering all effect sizes (n = 145). 

 


