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RESUMO 

 

Megaprojetos de infraestrutura (MPI) estão se tornando mais comuns em todo o 

mundo para atender às necessidades de uma população humana crescente. Há evidências que 

tais infraestruturas facilitam invasões biológicas. A implantação de MPI envolve numerosas 

formas e mecanismos de transformação do uso da terra, como a abertura de estradas de 

acesso, desmatamento e intensa movimentação de terras, pessoas e maquinário que degradam 

o habitat e criam oportunidades para a colonização de espécies exóticas. Essa degradação 

pode levar ao estabelecimento de espécies exóticas invasoras, uma vez que estas 

frequentemente têm uma capacidade superior de colonizar locais perturbados e afetar 

negativamente a regeneração natural. Utilizamos um dos maiores MPI em implantação no 

Brasil (Projeto de Integração do rio São Francisco - PISF) para avaliar a relação entre a 

transformação do uso da terra imposta por esses empreendimentos e o estabelecimento e 

dispersão de espécies exóticas. Avaliamos se o PISF atuou como uma rota de dispersão para 

espécies exóticas e quais espécies exóticas podem ter se beneficiado do PISF para 

naturalização e invasão. Além disso, avaliamos os efeitos das principais espécies exóticas 

invasoras encontradas na regeneração da vegetação da área de estudo e testamos se a riqueza 

de espécies de locais invadidos difere entre seus respectivos invasores. Os resultados 

confirmam o PISF como uma rota de dispersão de espécies exóticas. Nos monitoramentos 

foram registradas 21 espécies de plantas exóticas na área de implantação (AI) do PISF, 

estabelecidas em vários habitats artificiais e naturais e amplamente distribuídas pela área de 

estudo. Onze anos após o total desmatamento da AI, 92,28% de sua extensão (383.88 km) 

possuem populações de plantas exóticas. Calotropis procera, Nicotiana glauca e Prosopis 

juliflora foram as espécies exóticas mais amplamente distribuídas no PISF. A relação entre as 

transformações do uso da terra e a ampla distribuição das espécies exóticas invasoras no PISF 

evidencia que megaprojetos de infraestrutura podem ser corredores para a dispersão de 

espécies exóticas. Locais invadidos apresentaram riqueza de espécies vegetais 

significativamente menor do que a comunidade nativa adjacente, e existem diferenças na 

riqueza de espécies vegetais entre os locais dominados por cada espécie exótica invasora. A 

invasão por espécies exóticas foi a principal causa da diferença entre comunidades invadidas e 

não invadidas. A identidade da espécie invasora apenas minoritariamente explica essa 

diferença. Além disso, áreas invadidas por C. procera tiveram diferenças significativas em 

relação àquelas dominadas pelas outras duas invasoras. Em contraste, N. glauca e P. juliflora 

não diferiram entre si. A maior riqueza média e absoluta em locais dominados por C. procera 

indica maior tolerância à coocorrência de espécies nativas. 

 

PALAVRAS-CHAVE: Espécies invasoras. Distúrbio antropogênico. Invasão biológica. 

Conservação. Impacto ambiental. Plantas exóticas. Riqueza de espécies. 

 

 

 

 

 

 

 



 

 

ABSTRACT 

 

Massive infrastructure projects (MIP) are becoming more common around the world 

to meet the needs of a growing human population. There is evidence of such structures 

facilitating biological invasions. The implementation of MIP involves numerous forms and 

mechanisms of land-use transformation, such as opening of access roads, deforestation, and 

intense movement of land, people and machinery that degrades the habitat and creates 

opportunities for colonization of new species. This degradation could lead to the 

establishment of invasive non-native species, considering they often have the ability to 

colonize disturbed sites, and to negatively affect natural regeneration. In this study, we used 

one of the largest MIP under development in Brazil (Projeto de Integração do rio São 

Francisco - PISF) to assess the relationship between land-use transformation imposed by MIP 

and the establishment and spread of non-native species. We determined if PISF acted as a 

dispersal route for non-native species and which non-native species may be benefiting from 

PISF to proliferate. Further, we verified the effects of the main invaders on the plant 

regeneration of the study area, and tested if the plant richness of the invaded sites differed 

among invaders. Our results confirmed PISF as a route for the dispersal of non-native species. 

Monitoring surveys recorded 21 non-native plant species in PISF’s deployment area (DA). 

Species were established in several artificial and natural habitats, and widespread across most 

of the study area. Eleven years after the DA was completely deforested, 92.3% of its 

extension had non-native plant populations. Calotropis procera, Nicotiana glauca, and 

Prosopis juliflora were the most relevant non-native species in PISF. The relationship 

between land-use transformations and the widespread distribution of invasive species 

demonstrate that MIP can act as corridors for the spread of these species. We found that 

invaded sites presented significantly lower plant richness than non-invaded sites and there 

were differences in richness among invasive species. The invasion of non-native species was 

the main factor for the difference between invaded and non-invaded communities. The 

identity of the invasive species explained only a small part of this difference. Also, C. procera 

showed significant differences in relation to both of other invaders. In contrast, N. glauca and 

P. juliflora did not differ each other. The highest mean and absolute richness in sites 

dominated by C. procera indicates greater tolerance to co-occurrence of native species. 

 

KEYWORDS: Invasive species. Anthropogenic disturbance. Biological invasion. 

Environmental impact. Non-native plants. Species richness. 
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PRIMEIRA PARTE 

 

1 INTRODUÇÃO GERAL 

 

Invasões biológicas representam uma grande ameaça tanto à biodiversidade quanto às 

atividades humanas (SIMBERLOFF et al., 2013). As redes de comércio globais tornam o 

mundo mais conectado através do transporte de cargas e pessoas. Essa conectividade é uma 

das principais responsáveis por derrubar barreiras biogeográficas e ampliar a distribuição de 

espécies invasoras no planeta (CAPINHA et al., 2015; CHAPMAN et al., 2017). Quando uma 

espécie é introduzida em uma área fora de sua distribuição original, com auxílio (intencional 

ou não) de atividades humanas, é chamada de espécie exótica (RICHARDSON et al., 2000). 

Uma vez que a espécie coloniza o local de introdução e se dispersa, produzindo populações 

autossustentáveis também em áreas mais distantes, ela se torna uma espécie invasora 

(BLACKBURN et al., 2011; RICHARDSON et al., 2000) e pode causar efeitos 

socioeconômicos e ambientais negativos. 

Por isso, o Plano Estratégico para Biodiversidade (2011-2020) da Convenção sobre a 

Diversidade Biológica (CDB) traz 20 metas que incluem ações para tentar reduzir a perda de 

biodiversidade no planeta até 2020 (CDB, 2014a). As espécies exóticas invasoras são 

especificamente citadas na Meta 09: “Até 2020, as espécies exóticas invasoras e as rotas de 

introdução/dispersão serão identificadas e priorizadas, as espécies prioritárias serão 

controladas ou erradicadas, e existem medidas para gerenciar os caminhos para evitar sua 

introdução e estabelecimento”. Atualmente, a CDB reconhece seis categorias de rotas para 

introdução de espécies exóticas, das quais duas estão ligadas à dispersão destas no ambiente: 

“corredores” (introdução não intencional via infraestruturas humanas ligando regiões não 

conectadas anteriormente) e “natural” (dispersão natural de espécies exóticas introduzidas por 

atividades humanas) (CDB, 2014b; HULME, P. E. et al., 2008). 

Grandes obras de infraestrutura (posteriormente denominadas MIP “Massive 

Infrastructure Projects”) como rodovias, ferrovias, pontes, túneis, canais, estruturas para 

suprimento de água e energia, são essenciais para o efetivo desenvolvimento econômico de 

regiões, países e continentes. Porém elas têm sido causas importantes de introdução e 

disseminação de espécies exóticas e invasoras ao redor do mundo (ESSL et al., 2015). 

Existem evidências de que este tipo de empreendimento facilita o estabelecimento e atua 

como corredor para a dispersão de espécies exóticas (BERGQUIST et al., 2007; HULME, 

PHILIP E., 2009; LIU et al., 2019; VON DER LIPPE; KOWARIK, 2007). A implantação de 
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MIP envolve inúmeras formas e mecanismos de transformação no uso da terra, como abertura 

de estradas, supressão vegetal e intensa movimentação de solo, pessoas e maquinário. Ao 

contrário da dispersão natural clássica, que ocorre gradualmente, a instalação destas estruturas 

abre uma grande área com habitats potencialmente adequados, que podem ser colonizados 

rapidamente (WILSON et al., 2009). Tais processos fornecem mecanismos de transporte para 

sementes e outras partes reprodutivas das plantas através do deslocamento de solo, na lama 

dos pneus e na turbulência causada pelo trânsito de veículos (DAVIES; SHELEY, 2007; 

GELBARD; BELNAP, 2003; VON DER LIPPE; KOWARIK, 2007). 

No entanto, essas estruturas também são vulneráveis aos impactos provocados por 

espécies invasoras, que podem causar danos estruturais e até comprometer o uso e serviços 

prestados por elas (BOOY et al., 2017). Somente para o ano de 2010, em uma estimativa 

conservadora, espécies invasoras tiveram um custo de aproximadamente R$ 840 milhões em 

danos diretos à infraestrutura no Reino Unido, estes custos são direcionados à prevenção, 

controle, erradicação das espécies e perdas econômicas por mau funcionamento do 

empreendimento (BOOY et al., 2017). Além de prejuízos econômicos, espécies invasoras 

podem ser responsáveis por impactos ambientais como redução da abundância e diversidade, 

alteração de processos ecossistêmicos como a ciclagem de nutrientes (VILÀ et al., 2011), 

diminuição da regeneração natural de espécies nativas (FLORY; CLAY, 2010), entre outros.  

A crescente demanda humana por materiais e serviços estimula a instalação de MIP ao 

redor do planeta. Diversos exemplos são encontrados na maioria dos continentes, como: 

túneis para conectar ilhas isoladas (p.ex., Túnel do Canal, no Reino Unido; Túnel Seikan, no 

Japão); transferência de água entre bacias hidrográficas (p. ex., Projeto San Juan-Chama, nos 

EUA; Projeto de Água das Terras Altas de Lesoto, no sudeste africano (tradução livre)); 

canais de navegação (p. ex., Canal do Panamá, na América Central, Canal de Suez, no Egito); 

redes de comércio (p. ex., Iniciativa Cinturão Rodoviário entre a China, Eurásia e Europa), 

desenvolvimento energético (p. ex., Bacias de Williston e Wyoming, EUA). No Brasil, um 

dos maiores empreendimentos de infraestrutura atualmente em implantação/operação é o 

Projeto de Integração do Rio São Francisco com as Bacias do Nordeste Setentrional (PISF). O 

PISF é um empreendimento de transferência de água entre bacias hidrográficas, totalmente 

inserido no bioma Caatinga. Basicamente, é composto por dois eixos independentes (Leste e 

Norte) que compreendem nossa área de estudo. Cada eixo contém uma série de estações de 

bombeamento, canais de concreto, túneis, aquedutos e reservatórios. Nosso estudo utilizou as 

margens dos canais - locais mais afetados pelas obras – para verificar se o PISF age como rota 
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de dispersão para espécies exóticas e a relação entre as mudanças no uso da terra impostas 

pelo projeto e o estabelecimento dessas espécies (Capítulo 1). 

Além disso, para a instalação do PISF, a vegetação natural foi totalmente suprimida 

nos locais de obra. Por se tratar de uma região semiárida (ANDRADE et al., 2017) o 

crescimento e o recrutamento de novas plantas são geralmente mais lentos (PRIOR et al., 

2011). Em adição, danos causados em ambientes naturais aumentam a disponibilidade de 

recursos e criam oportunidade para a colonização de novas espécies (DAVIS; GRIME; 

THOMPSON, 2000). Com isso, plantas de crescimento rápido e alta eficiência no uso dos 

recursos, como as espécies exóticas invasoras (FUNK; VITOUSEK, 2007; GRAEBNER; 

CALLAWAY; MONTESINOS, 2012; MATZEK, 2011; ZENNI; CUNHA; SENA, 2016) são 

mais prováveis de colonizarem habitats pós distúrbio (CATFORD et al., 2012). O nível de 

impacto de cada espécie invasora pode variar de acordo com as características individuais 

(HEJDA; PYŠEK; JAROŠÍK, 2009). Para verificar o efeito da invasão de plantas na 

regeneração em áreas de semiárido verificamos a diversidade de áreas dominadas por três 

espécies exóticas invasoras (Calotropis procera, Nicotiana glauca e Prosopis juliflora) e da 

comunidade nativa adjacente a elas, também, comparamos a riqueza de áreas dominadas por 

cada uma das espécies selecionadas para o estudo (Capítulo 2). 

 

2 CONSIDERAÇÕES FINAIS 

 

O processo de instalação de megaprojetos de infraestrutura (MPI) impõe mudanças no 

uso do solo através de diversos mecanismos, como supressão da vegetação, abertura de 

estradas de acesso, movimentação de terra, máquinas, pessoas e equipamentos, trânsito 

intenso de veículos e criação de locais de despejo de rejeitos. Estas mudanças criam novos 

habitats e novas oportunidades para colonização de espécies diferentes da flora nativa da 

região. Portanto, os MPI atuam como facilitador do estabelecimento de espécies exóticas e 

como rotas para dispersão destas no ambiente. Espécies de plantas exóticas invasoras 

geralmente aproveitam os recursos disponíveis de forma mais eficiente do que as nativas. 

Assim, a combinação entre as alterações provocadas por MPI e características intrínsecas de 

espécies invasoras aumenta o risco de invasões biológicas. 

Além disso, identificamos que o nível de intervenção das obras no ambiente pode 

influenciar no aumento ou retração da distribuição das espécies na área. Durante a fase de 

instalação do empreendimento, os mesmos processos que facilitam o estabelecimento das 
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espécies exóticas podem funcionar como barreiras à expansão destas nas áreas de implantação 

das obras. As populações já estabelecidas criam uma alta pressão de propágulos para 

colonização de novas áreas modificadas pela construção. Essa pressão é periodicamente 

aliviada por serviços de manutenção das estruturas, manejo ambiental e pela constante 

movimentação de solo que suprimem e/ou soterram as populações. No entanto, na fase de 

operação dos empreendimentos, quando o nível de intervenção no ambiente é drasticamente 

reduzido, as espécies exóticas ficam livres para relançar propágulos para áreas ainda não 

colonizadas e germinar os bancos de sementes que estavam dormentes no solo. 

As espécies de plantas invasoras bem estabelecidas no ambiente modificado podem 

atrapalhar a regeneração natural por espécies nativas. Constatamos que a riqueza de espécies 

em locais com invasão é significativamente menor quando comparada com áreas próximas de 

vegetação nativa, considerando uma situação de número de indivíduos semelhante entre as 

duas áreas. Também verificamos que a identidade da espécie invasora importa para a 

regeneração natural. Ou seja, algumas espécies invasoras podem ser mais tolerantes a 

coocorrência de espécies nativas, enquanto outras são mais restritivas e permitem que menos 

espécies ocorram em conjunto. Nestes casos, é maior a possibilidade de monodominância pela 

espécie invasora. 

Esses resultados trazem fundamentos importantes para subsidiar a legislação 

ambiental entorno destes empreendimentos. Com isso, recomendamos que a possibilidade de 

invasões biológicas oriundas ou facilitadas por MPIs devem constar nas avaliações de risco 

ambiental das diferentes fases destes projetos em todo o mundo. Medidas de prevenção à 

introdução e estabelecimento de espécies exóticas são indicadas a compor a fase planejamento 

dos projetos, enquanto o constante monitoramento, controle e manejo das espécies, assim 

como esforços de restauração ecológica ativa devem estar previstos durante a instalação e 

operação dos empreendimentos. 
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Highlights 

- MIP are a pathway for the spread of non-native plants in natural environments 

- 92.3% of the PISF extension was occupied by non-native plant populations 

- Reduced human intervention tend to increase the presence of non-native plants after 

invasion 

- 21 non-native plant species (eight invasive) were recorded in the PISF 

- Long-term monitoring, control and active restoration are recommended 

 

Abstract 

 

Massive infrastructure projects (MIP) are becoming more common around the world to meet 

the needs of a growing human population. There is evidence of such structures facilitating 

biological invasions. However, direct effects of MIP on the spread of invasive species are still 

unclear. Here we used the largest MIP under development in Brazil (PISF) to assess the 

relationship between MIP and spread of non-native species. Between 2015 and 2018, 86 

sampling points were monitored along the entire extension of PISF where non-native plant 

presences were recorded. Additionally, we drove along the 416 km of the study area to 

determine invasion status for each non-native population. Our results confirmed PISF as a 

route for dispersal of non-native species. Monitoring surveys recorded 21 non-native plant 

species on PISF’s deployment area (DA), established in several artificial and natural habitats, 

widespread for almost whole study area. Eleven years after DA was completely deforested, 

92.3% of its extension had non-native plant populations. Calotropis procera, Nicotiana 

glauca and Prosopis juliflora were the most relevant non-native species on PISF. 

Relationship between land-use transformations and widespread distribution of invasive 

species evidences that MIP can act as a corridor for spread of this species. Continuous 

monitoring, control of invasive species and active restoration of invaded sites are 

recommended for all MIP. 

Keywords 

Biological invasion, non-native species, anthropogenic disturbance, conservation, invasive 

spread, non-native plants 
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Introduction 

 

Increasing rates of biological invasions on the planet are closely related to the intensification 

of human activities (Hulme, 2009). Many significant effects on native species have been 

associated with the introduction and invasion of non-native species, such as changes in 

behavior patterns, genetic composition, richness and abundance, phylogenetic and taxonomic 

diversity, trophic networks, ecosystem productivity, and nutrient cycling (Brooks et al., 2004; 

Kenis et al., 2009; Pyšek et al., 2012; Ricciardi et al., 2013; Suarez and Tsutsui, 2008; Vilà et 

al., 2011; Winter et al., 2009). It is possible that, throughout the world, there are no 

ecosystems not invaded by some non-native species (Van Kleunen et al., 2010; Wardle et al., 

2011). 

Non-native species tend to become invasive when there is high propagule pressure (i.e. 

number, frequency and genetic variability of propagules) (Simberloff, 2009), when introduced 

species are adapted to the introduction site (Zenni et al., 2016, 2014) and/or when the 

recipient environment presents low biotic resistance (Fridley et al., 2007; Levine et al., 2004). 

Propagule pressure, establishment and abundance of non-native species are closely linked to 

human activities (Hulme, 2009; Vilà and Pujadas, 2001; Zimmermann et al., 2014). 

Establishment and spread of introduced species are strongly related to changes in patterns of 

land use (Hobbs, 2000). 

One of these changes is caused by the development of massive infrastructure projects (MIP). 

These projects are built all around the world to meet the rising needs of a growing human 

population, such as tunnels to connect isolated islands (i.e. Channel tunnel, United Kingdom; 

Seikan tunnel, Japan), interbasin water transfers (i.e. Lesotho Highlands Water Project, 

Southern Africa; San Juan-Chama Project, USA), canal navigation (i.e. Suez and Panama 

Canals, Egypt and Panama, respectively), trade network (i.e. Belt and Road Initiative, China) 

and energy development (i.e. Williston and Wyoming Basins, USA) and presents evidences 

of these structures facilitating biological invasions (Bergquist et al., 2007; Hulme, 2015; Liu 

et al., 2019; Preston, 2015). In fact, although there is evidence of this facilitation, the direct 

effect of MIP on the spread of invasive species is still uncertain (Hulme, 2015) and just few 

studies have been addressed to respond to this issue (i.e. Bergquist et al., 2007; Nielsen et al., 

2011; Preston, 2015; von der Lippe and Kowarik, 2007). 

The implementation of MIP involves numerous forms and mechanisms of land-use 

transformation, such as opening of access roads, deforestation, and intense movement of land, 
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people and machinery that create new habitats on its deployment area. Increased presence and 

abundance of non-native plant species have been associated with this type of human 

infrastructure (Preston, 2015), which provides a transport mechanism for seeds and plants 

parts on tires/mud and air turbulence by passing vehicles (Davies and Sheley, 2007; Gelbard 

and Belnap, 2003; von der Lippe and Kowarik, 2007). As a result, MIP can act as a pathway 

facilitating the introduction and dispersal of non-native species in natural environments. 

In Brazil, one of the largest MIP currently under development is the Integration of the São 

Francisco River Project (PISF). PISF is a water basin transfer that aims at facilitating human 

access to freshwater in one of the driest regions of the country; it is fully inserted in the 

Caatinga biome, the Brazilian steppe savannah. This ecological region covers approximately 

10% of the Brazilian territory (IBGE, 2004), considered as a seasonally dry tropical forest 

(SDTF) (Pennington et al., 2009), where rainfall regime averages 700 mm/year and most of 

the precipitation occurs in a single month (Queiroz et al., 2017). The Caatinga presents high 

biological and environmental richness and about 23% of its flora is endemic (Queiroz et al., 

2017). It is estimated that only 54% of the original Caatinga remains, and despite of this 

scenario, only 7.5% is within protected areas being one of the least protected biomes in Brazil 

(ICMBio, 2018). In the whole Caatinga, 205 non-native plant species have been identified so 

far (Almeida et al., 2014), 155 of which were naturalized (Zenni, 2015) and 20 were 

considered invasive (Almeida et al., 2014). 

Despite of the low level of environmental protection, high biological diversity, robust 

occurrence records of non-native species, and the existence of important vectors for the 

species introduction (i.e. PISF and the Transnordestina railway), Caatinga is the object of only 

5% of the studies on biological invasions in Brazil (Frehse et al., 2016). Furthermore, there 

are no studies in Brazil related to the introduction of non-native species via terrestrial MIP 

(Frehse et al., 2016).  

Therefore, there is currently a unique opportunity to study processes of colonization of non-

native and invasive non-native species in time to elaborate and propose measures for 

prevention and mitigation of possible ecological impacts caused by invasive non-native 

species that benefit from MIP to proliferate. Here, we aimed at assessing (i) if PISF acted as a 

dispersal route for non-native species, (ii) which non-native species may be benefiting from 

PISF, (iii) the relationship between land-use transformation imposed by MIP and 

establishment of non-native species, and (iv) the effects of different levels of anthropogenic 

intervention on the spread of non-native species. 
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Material and methods 

 

Study area 

PISF is a linear infrastructure project composed of two independent canals, East and North 

(Fig. 1). Each canal contains a series of pumping stations, concrete canals, tunnels, aqueducts, 

and dams in which the water flows by pumps and gravity. Currently, the canals cross the 

States of Pernambuco (PE), Ceará (CE) and Paraíba (PB), in northeast Brazil. For both canals, 

water is initially pumped from the São Francisco River. The North extends from the São 

Francisco River in Cabrobó (PE) for 260 km to Cajazeiras (PB), while the East canal extends 

from the São Francisco River in Floresta (PE) for 217 km to Monteiro (PB). 

Our study area corresponds to the stretches of canals where there have been interventions 

until 2018, which extends 211 km from the São Francisco River for the North canal and 205 

km from the São Francisco River for the East canal. Our sampling is delimited by the 

Deployment Area (DA) of the canals, which corresponds to a marginal strip 100 m wide on 

each side of the canal over its entire length and the edge of some structures as dams and 

pumping stations. Together, the study area totals 416 km in length and 83.2 km
2
 in area. DA 

was initially cleared of vegetation prior to the construction of the canal in 2007 (ANA, 2009), 

and its limits are on one side the edge of the canal and on the other side the exact starting 

point of native vegetation.  

In December 2018, after eleven years, the Brazilian government announced the end of the 

major structural work on the canals. From the second half of 2017 until the second half of 

2018 the East canal operated in the structural testing phase. After an environmental 

parameters assessment (i.e. water quality, fauna and flora conservation and water supply) the 

stretch corresponding to the East canal received the Operation License from IBAMA 

(Instituto Brasileiro de Meio Ambiente e Recursos Naturais Renováveis), the Brazilian 

environmental licensing agency, in the second half of 2018. Currently, there are only 

occasional interventions in the DA for maintenance, repairs in the structures and others 

services throughout the canals. Thus, the intensity of intervention by people and machinery 

was dramatically reduced in the stretches of canal included in our study.  
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Figure 1. Kernel Map showing the non-native populations density at PISF-DA. Darker areas are the ones with 
greatest non-native density populations. Cities of Direct Influence Area are those that contain stretches of the 
canals within its boundaries. To date, PISF interventions go through the Brazilian States of Ceará (CE), Paraíba 
(PB) and Pernambuco (PE). 

 

Non-native plant presence 

Since 2015, we conducted monitoring surveys twice a year in the DA to identify and record 

the presence of non-native species along the canals. Here, we report the results from six 

surveys undertaken on May-June/2015, February-March/2016, September-October/2016, 

January/2017, May/2017, and May-June/2018. To assess the non-native plant colonization 

along the DA we first established sampling points every 5 km from the São Francisco River 

until the end of the existing canal (211 and 205 km away depending on the canal). We had 44 

sampling points on the North canal and 42 sampling points on the East canal. The sampling 

points were adjacent to the edge of the canal. The sampling points were pre-selected using 

PISF’s geographical information system. The geographic coordinates of each point were 

uploaded to a handheld GPS unit which was used to locate the sampling site. At each 
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sampling point we split the visual field into four 90quadrants and all non-native species 

visible on each quadrant were recorded. There were no minimum or maximum distances from 

the sampling point for species to be included. The species had to be visible from the sampling 

point and had to be located inside the DA (e.g. not in the native Caatinga outside DA). 

Species not identified in the field were collected for identification by botanists of the NEMA 

team at UNIVASF. 

To assess if the non-native species’ presence and distribution were related to the PISF canals’ 

infrastructure, we built two linear models for each non-native species found using different 

subsets of the data. The number of sampling points on which the species were found was the 

dependent variable and the surveys were the independent variable. The first set of models 

used only data from the first five surveys, when there was intense human and machinery 

movement throughout the DA, and a second set of models used data from all surveys. The last 

survey was performed after the heavy construction work on a large part of the study area had 

ended. Next, we calculated the differences between slopes (Δβ) from the first and the second 

set of models for each species to evaluate changes in occurrence trends per species with and 

without heavy human intervention. Finally, we did a Chow test between the two linear models 

built for each species to verify if the models were statistically different. Significant 

relationships at = 0.05 with positive slopes (Δβ> 0) indicate that with less human 

intervention, species tend to increase their presence, whereas significant relationships at  = 

0.05 with negative slopes (Δβ <0) indicate that with less human intervention, species tend to 

reduce their presence along the canals. Only species recorded during three or more surveys 

were used in the assessment. 

 

Non-native species population status 

To determine if non-native species present along the PISF were casual, naturalized, or 

invasive (sensu Blackburn et al., 2011; Richardson et al., 2000), we drove along the 416 km 

of the study area stopping every time a population of a non-native plant species was found 

inside the DA. Sections above tunnels were not sampled owing to the lack of access. Also, 

grasses were excluded from the invasion status assessment owing to their absence or difficulty 

of detection during the dry months of the year. At each population, we recorded its linear 

extension along the canal using a handheld GPS marking where each population started and 

ended, we counted the number of plants, and counted the number of plants producing flowers 
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and/or fruits. We considered that two populations were different if the gap between plants 

were greater than 500 m. 

Each population was classified as casual, naturalized or invasive following the criteria 

established by Richardson et al., 2000. Populations with one to 10 reproductive individuals 

and spread distance below 100 m were considered casuals; Populations with 11 to 100 

reproductive individuals were considered naturalized. Assuming that the DA was totally 

deforested at the beginning of the construction, populations that achieved more than 100 m of 

spread and had more than 100 reproductive individuals were classified as invasive. Data used 

for the invasion status reported here were collected in June, 2018. 

To show the distribution of the populations and the occupation intensity of non-native plant 

populations along the PISF we built a Kernel Density Map (Fig. 1). This map is an estimation 

and shows the intensity of a phenomenon in a region. In this case, Kernel density was 

calculated using polylines representing the extent of each population within the Deployment 

Area, considering for each one a different weight according to its invasion status (casual 

populations weighed = 1, naturalized weighed = 2 and invasive weighed = 3). This intensity is 

calculated from the number of polylines (populations) and the product of the polylines size (in 

meters) with the weight assigned to it. Thus, darker areas of the map are the ones with most 

populations, being balanced by their invasion status. We used a 200 m cell size (to match the 

size of the DA) and a 5,000 m radius size (corresponding to the size of the DAA), the unit was 

"Square Map Units", once our data are categorical. Kernel density estimation was made with 

ArcMap 10.2 (ESRI) using the Kernel Density tool. 

 

Results 

 

We recorded a total of 21 non-native plant species, distributed in 19 genera and 10 families 

(Appendix 1). The most representative family was Poaceae with 10 species (47% of the 

species), and other families were all represented by one or two species. Azadirachta indica, 

Cryptostegia grandiflora, and Urochloa mollis occurred only in the North canal, whereas 

Eragrostis ciliaris occurred only in the East canal. Life forms of non-native species varied 

among grasses (57%), shrubs (24%), trees (14%) and liana (5%). Eleven species were found 

locally as isolated plants or in very low numbers. Two species were found to had naturalized 

populations and eight species had invasive populations. Only 7.7% of the assessed area was 
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free of non-native and invasive plant populations. Because of this, PISF can be considered a 

pathway for the spread of non-native species. 

Non-native plant presence 

The most widespread species along the PISF canals were Prosopis juliflora, Nicotiana 

glauca, and Calotropis procera. Throughout the surveys, these species were present on 

average in 62% (54±4 sampling points), 59% (51±7 sampling points) and 47% (40±7 

sampling points) of the sampling points, respectively. The number of records per sampled 

point ranged from zero to 12 species with an average of four species per point in both canals. 

In the last survey (May-June/2018) Dactyloctenium aegyptium (Poaceae) had a sudden 

increase in distribution, being recorded in 74 out of the 86 sampling points (86%). Before 

that, D. aegyptium was rarely detected (28 ± 28 sampling points). This is the largest number 

of records for a single survey in our historical series. Seven species were recorded in all 

surveys (Calotropis procera, Dactyloctenium aegyptium, Melinis repens, Momordica 

charantia, Nicotiana glauca, Prosopis juliflora, and Ricinus communis). Grasses showed 

greater variation in number of sampling points through the surveys than shrubs and trees (Fig. 

2). The comparisons of pre- and post-heavy construction intervention did not show 

statistically differences between the two linear models for all but one species (p > 0.05). 

Momordica charantia showed a negative trend (Δβ = - 0.043). Also, Eragrostis tenella was 

the species that showed the greatest spread after heavy construction interventions ceased (Δβ 

= 4.628) (Appendix 1). Five species were recorded for the first time during the last survey 

(May/2018), when intervention levels in the PISF were reduced: Echinochloa colona 

(Poaceae, two sampling points in East canal and 10 sampling points in North canal), 

Eragrostis ciliaris (Poaceae, five sampling points in East canal), Urochloa mollis (Poaceae, 

five sampling points in North canal), Azadirachta indica (Meliaceae, one sampling point in 

North canal), and Mangifera indica (Anacardiaceae, one sampling point in North canal). 
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Figure 2. Number of sampling points that the species were recorded in each survey (S1, S2, S3, S4, S5 and S6), 

for the East and North canals and total record. The red dash marks the periods with high (S1, S2, S3, S4, S5) and 

low (S6) anthropogenic intervention on the environment. 

 

Table 1. Linear models of non-native species distribution considering two temporal intervals (2015-2017: higher 

intervention level (S1 to S5); and 2015-2019: higher and lower intervention levels (S1 to S6) and the difference 

between them (Delta (Δ)). Chow Test: Calculated F values greater than Tabulated F values indicates that models 

are significantly different each other.   

Species Linear Models   Chow Test 

 

Slope Delta (Δ)   Calculated F Tabulated F 

 

S1 to S5 S1 to S6 
    

Prosopis juliflora -0.600 0.085 0.685 
 

0.266 5.117 

Nicotiana glauca -3.700 -0.857 2.843 
 

2.890 5.117 

Calotropis procera 0.400 1.742 1.342 
 

0.471 5.117 

Dactyloctenium aegyptium 6.500 10.250 3.750 
 

0.183 5.117 

Aristida adscensionis 8.000 10.020 2.020 
 

0.219 5.117 

Boerhavia diffusa 10.800 12.850 2.050 
 

0.123 5.117 

Eragrostis tenella 4.200 8.828 4.628 
 

1.043 5.117 

Cenchrus ciliaris 5.400 7.714 2.314 
 

0.276 5.117 

Digitaria sanguinalis 3.800 7.685 3.885 
 

1.336 5.117 

Melinis repens 0.300 1.628 1.328 
 

0.360 5.117 

Eragrostis cilianensis 3.300 3.542 0.242 
 

0.016 5.117 

Momordica charantia 0.300 0.257 -0.043 
 

0.003 5.117 

Ricinus communis -0.400 0.142 0.542 
 

0.644 5.117 

Argemone mexicana 0.400 0.657 0.257 
 

0.476 5.117 
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Non-native species population status  

The extension of the PISF canals occupied by non-native species was equivalent to 92.3% of 

the sampled area (Figure 1). The species with the highest occupancy and the largest mean 

population size were N. glauca, P. juliflora and C. procera (Appendix 1). 

We found a total of 294 populations of non-native species, of which 153 were casual, 64 were 

naturalized and 77 were invading. The species with the highest number of populations were 

also Prosopis juliflora, Nicotiana glauca and Calotropis procera. Despite having population 

extending over smaller areas, Momordica charantia and Ricinus communis also presented a 

number of populations above the average of all other species: 39 and 53 non-native 

populations, respectively (Appendix 1). 

Discussion 

 

Our study presented evidences that mega infrastructure projects can act as a pathway for 

establishment and spread of non-native species. Our results highlight the presence of 21 non-

native species on the deployment area of the largest MIP of Brazil and about 92% of 

infrastructure area occupied by non-native species’ populations. The massive occupation and 

widespread distribution of invasive species along the disturbed area indicate that the land 

transformation imposed by PISF facilitates the establishment of non-native species and 

reinforce the evidences that MIP act as a corridor for spread of these species. Also, we found 

a tendency that once an area was disturbed and non-native species had established, lower 

levels of human intervention tend to increase the spread of non-native species to new regions. 

Most of the species recorded by this study are well-known non-natives for the Caatinga 

(Almeida et al., 2014), but it is the first time that the species Argemone mexicana was found 

invading in the biome. Four new species had the first record for PISF-DAA: Digitaria nuda, 

Eragrostis ciliaris, Urochloa mollis and Parkinsonia aculeata (Fabricante and Siqueira-Filho, 

2012). The most representative family (Poaceae) was the same as in other six arid regions in 

Africa, America and Europe (Sanz Elorza et al., 2010). 

Some species recorded here are globally recognized as invasive, such as Calotropis procera, 

Nicotiana glauca, Parkinsonia aculaeta, Prosopis sp. and Ricinus communis (Richardson and 

Rejmánek, 2011). Because of their large number of records, persistence in the disturbed area 

and populational status, the species C. procera, N. glauca and P. juliflora are the most 

relevant non-native species in PISF. Further, our field observations indicate these species are 
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sympatric at some stretches, form wide mono-dominant stands and invade several types of 

habitat in the disturbed area, such as steep slopes, “dump” areas and rocky outcrops, which 

facilitates their spread along the entirety of the PISF extension. Also, there are populations of 

these three species both in dry and humid areas. 

Nicotiana glauca is a shrub native to Argentina and Bolivia (Goodspeed, 1954 in (Fabricante 

et al., 2015)) and recorded in several arid zones in the world (Sanz Elorza et al., 2010). Some 

traits favor their status as a successful invader in the Caatinga such as abundant production of 

fruits and seeds that germinate with high efficiency (Fabricante et al., 2015), persistent soil 

seed bank (DiTomaso et al., 2013) easily recovering populations after flooding events 

(Florentine et al., 2006), and toxicity for humans (Steenkamp et al., 2002) and other animals 

(Panter et al., 2000). 

Calotropis procera is a perennial shrub native to southwestern Asia and Africa (Brandes, 

2005) and widespread in Brazil (Zenni and Ziller, 2011) and other regions on the world 

(Farahat et al., 2015). The fast growth and early flowering and fructification (Andrade et al., 

2005) associated with high tolerance for edaphic and climatic conditions (Oliveira et al., 

2009), enables C. procera to establish and spread in disturbed sites like the study area, which 

could be related with the success in invading the Caatinga ecosystem. 

Prosopis juliflora is a tree native to southern North America, Central America and northern 

South America (Paciecznik et al., 2001), introduced in the Caatinga in 1942 as forage for 

pasture animals (Azevedo et al, 1982). It is a fast growing species, has wide ecological 

amplitude tolerant to arid conditions and different types of soils, usually found in areas where 

water and soil fertility are limiting factors (Paciecznik et al., 2001). Previous studies have 

demonstrated the influence of P. juliflora on declines of species diversity and species richness 

owing to increased mortality and reduced growth of native species in invaded areas 

(Nascimento et al., 2014; Pegado et al., 2006). 

We believe that the variation in number of sampling points that each species was recorded 

may have been influenced by the different construction phases, whose greater intensity leads 

to the burial of many populations due to soil deposition. In addition, the dry seasons favor the 

disappearance of grasses, which are dormant or hard to detect (Balachowski et al., 2016). 

Another finding was the variation in the distribution of non-native species due to different 

anthropogenic intervention levels. The great number of non-native populations on the canal 

tends to generate a high propagule pressure into new cleared areas. This pressure is 
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periodically relieved due to the maintenance of the physical structures and environmental 

management of the project that clear and/or buries these populations. This way, human 

intervention acts as a barrier to populations expansions. In post disturbed scenario, without 

this barrier, the non-native species are free to re-launch the seeds to new areas and germinate 

the seed bank buried in places where native species were hardly detected, such as the “dump” 

areas and steep slopes. These new habitats created by the construction work presents a cause 

of concern to native flora once these areas are a repository of non-native species and can 

function as permanent source of propagules to the surrounding areas occupied by Caatinga 

vegetation. 

The capacity of invasive species to establish and invade a particular site is often attributed to a 

better ability to compete for resources and/or to a greater performance of invasive species in 

resource use (Gioria and Osborne, 2014). Additionally, to a superior capacity in resources 

acquisition, invasive species usually reduce resource availability for co-occurring native 

species (Gioria and Osborne, 2014). Despite of lower competitive capacity, biotic resistance 

by the native community can help contain the abundance of established invaders (Levine et 

al., 2004). However, the construction process may contribute to diminish the effects of local 

biotic resistance by inputting disturbances that difficult the native species to occupy the new 

areas cleared. Besides of competition and biotic resistance, propagules pressure plays an 

important role in invasion success (Simberloff, 2009). Eschtruth and Battles (2009) argue that 

the interaction between propagule pressure and disturbance can represent the main driver of 

its success. Therefore, the combination of MIP environmental effects and the intrinsic 

characteristics of non-native species increase the risk of biological invasion. 

Given the worldwide distribution of non-native species (Pyšek et al., 2017), its negative 

socioeconomic and environmental impact (Pimentel et al., 2005; Pyšek et al., 2012) and the 

growth of human population resulting in more MIP all around the world (Hulme, 2015; Liu et 

al., 2019), we strongly suggest that non-native species monitoring and management should be 

part of all large-scale construction projects. Furthermore, we identified that immediately after 

construction work done is probably the critical stage to spread of invasive species. Thus, 

monitoring and control of invasive species, followed by active ecological restoration efforts 

(Gaertner et al., 2012) must be done right after the construction has ended to avoid the 

continuous spread to susceptible areas. 
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Appendix 1. List of non-native plant species recorded in the PISF-DA. Species are arranged alphabetically according to its respective family. The following information is given for each species: Family, 

species names, life forms, populational invasion status (Casual, Naturalized and Invasive), Occupancy Measures with Numbers of populations with more than 100 m of extent, the largest population in 

extension, total extension in both canals, mean extension, the standard deviation of extension and the proportion (%) occupied for each species in both canals. Δβ showing the tendency of growth or 

reduction of spread after heavy construction has ended. The final invasion status the PISF-DA. A species was considered invasive if it had, at least, one population within the pre-established parameters. 

Grasses and the species Boerhavia diffusa were excluded from the invasion status assessment owing to their absence or hard detection during the dry months of the year. Species valid names and its 

respective authors were obtained with Flora do Brasil 2020. 

 

 Families/Species Life form Populations Occupancy Measures Slope Status 

  Casual Naturalized Invasive Number of 

Populations 

(>100m) 

Largest 

Population 

(m) 

Total 

Extension 

(m) 

Mean 

Extension 

(m) 

SD 

Extension 

% 

Occupancy 

Δβ  

Apocynaceae 

            Calotropis procera (Aiton) W.T. Aiton Shrub 30 5 15 30 29,201 153,379 3,068 ± 6,896 36.88 1.342 Invasive 

Cryptostegia grandiflora R.Br. Shrub 4 0 1 1 159 159 32 ± 71 0.04 - Invasive 

Anacardiaceae 

 
        

   Mangifera indica L. Tree 3 1 0 0 - - - - - - Naturalized 

Cucurbitaceae 
         

   
Momordica charantia L. Liana 13 17 9 14 13,500 36,495 936 ± 2,374 

8.77 

- 

0.043 Invasive 

Euphorbiaceae 
         

   Ricinus communis L. Shrub 36 13 4 14 2,801 10,564 199 ± 524 2.54 0.542 Invasive 

Fabaceae 
         

   Parkinsonia aculeata L. Tree 16 1 1 2 694 1,328 63 ± 199 0.32 - Invasive 

Prosopis juliflora (Sw.) DC. Tree 26 10 25 44 38,995 255,090 4,181 ± 6,997 61.33 0.685 Invasive 

Meliaceae 

 
        

   Azadirachta indica A. Juss. Shrub 8 2 0 1 164 164 16 ± 52 0.04 - Naturalized 

Nyctaginaceae 
         

   Boerhavia diffusa L. Grass - - - - - - - - - 2.050 - 

Papaveraceae 
         

   Argemone mexicana L. Grass 2 4 1 2 897 1,066 152 ± 334 0.26 0.257 Invasive 

Poaceae 
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Aristida adscensionis L. Grass - - - - - - - - - 2.020 - 

Cenchrus ciliaris L. Grass - - - - - - - - - 2.314 - 

Dactyloctenium aegyptium (L.) Willd Grass - - - - - - - - - 3.750 - 

Digitaria nuda (L.) Scop. Grass - - - - - - - - - 3.885 - 

Echinochloa colona (L.) Link Grass - - - - - - - - - - - 

Eragrostis cilianensis (All) VignoloexJanch. Grass - - - - - - - - - 0.242 - 

Eragrostis ciliaris (L.) R.Br. Grass - - - - - - - - - - - 

Eragrostis tenella (L.) P.Beauv. ex Roem. &Schult. Grass - - - - - - - - - 4.628 - 

Melinis repens (Willd.) Zizka Grass - - - - - - - - - 1.328 - 

Urochloa mollis (Sw.) Morrone&Zuloaga Grass - - - - - - 
 

- - - - 

Solanaceae 
         

   Nicotiana glauca Graham Shrub 15 11 21 38 28,782 285,966 4,766 ± 7,925 63.81 2.843 Invasive 
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Abstract 

 

Natural regeneration of disturbed sites can be negatively affected by plant invasions. 

Consequently, regenerating areas dominated by invasive species tend to present less diversity 

than native ones. Also, individual invaders may have different levels of impact at community 

scale. To test these hypotheses, we selected ten sites dominated by the three invaders most 

widespread (Calotropis procera, Nicotiana glauca and Prosopis juliflora) in the study area 

and compared the richness of invaded and non-invaded sites and whether this originates from 

the identity of the invasive species. In addition, we used pairwise comparisons to test if the 

species richness of invaded sites differed according to the identity of the invaders. We found 

that invaded sites presented significantly lower plant richness than non-invaded sites and that 

there were differences in species richness among communities dominated by different 

invaders. The invasion of non-native species was the main cause for the difference between 

invaded and non-invaded communities (R²= 0.55). The identity of the invasive species 

explained only a small part of the variation in plant communities across invaded sites (R²= 

0.3). C. procera showed significant differences in relation to both of the other invaders (C. 

procera vs N. glauca: F= 6.77, p= 0.009, and C. procera vs P. juliflora: F= 5.84, p= 0.016). 

In contrast, N. glauca and P. juliflora did not differ between each other (F= 1.1, p= 0.319). 

The highest mean and absolute richness in sites dominated by C. procera (18±2.08 species), 

compared with sites invaded by N. glauca (10±2.5 species) and P. juliflora (9±7 species), 

suggest greater tolerance to co-occurrence of native species. 
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Introduction 

 

Natural disturbances are major forces in the successional dynamics of plant communities 

(Hubbell et al. 1999). Several factors are known to affect the regeneration of sites in early 

successional stage, such as resource competition, seed dispersal and predation, and seedling 

survival (Gill and Marks 1991; Myster 1993; Berkowitz et al. 1995; Ostfeld et al. 1997). 

However, unlike those factors that naturally affect regeneration, anthropogenic disturbances 

may facilitate the emergence of invasive species (Gorchov and Trisel 2003; Rudgers et al. 

2007; Moles et al. 2012; Jauni et al. 2015). Invasive species are more likely to colonize 

habitats after disturbances (Catford et al. 2012), once they use the available resources more 

efficiently than natives (Matzek 2011). In early successional stages, invasive species can 

directly and/or indirectly affect the regeneration of native species (Meiners 2007; Flory and 

Clay 2010). Also, studies assessing the impact of more than one invasive species indicate that 

the impact on diversity in invaded sites differs among individual invaders (Hejda et al. 2009; 

Kuebbing and Nuñez 2016). This difference can be related to intrinsic characteristics of the 

invader and the type of the invaded community (Hejda et al. 2009). 

Vegetation recovery in arid/semi-arid zones is influenced by a combination of factors 

including long periods of drought, with unusually wet years, and fire regimes (Read 1995; 

Nano and Clarke 2011). Although fire had been less destructive in arid zones than temperate 

or tropical regions, when it does occur, the local mortality is very high (Prior et al. 2011). 

Perennial invasive species may facilitate the occurrence of fire in dry habitats, even in fire-

free regions, by maintaining an abundant inflammable biomass (D’Antonio et al. 2000; 

Rahlao et al. 2009). Arid zones present slow growth and recruitment (Prior et al. 2011), which 

may favor the establishment of fast growing species, such as invasive species (Graebner et al. 

2012; Zenni et al. 2016). The introduction of non-native herbivores also contributes to 

difficult the regeneration of semi-arid regions (Auld and Keith 2009) reducing the 

establishment of seedlings (Briggs et al. 2008). 

Our study was developed within the Caatinga biome, a seasonal tropical dry forest (STDF) 

(Pennington et al. 2009), the rainfall averages 700 mm annually that may precipitate in a 

single month (Andrade et al. 2017), and harbors the richest STDF in terms of flowering plants 

in the New World (Queiroz et al. 2017). Caatinga has faced several types of habitat 

degradation, since slash-and-burn agriculture, overgrazing by livestock and introduction of 

non-native species for farming-based activities (Leal et al. 2005; Almeida et al. 2014; 
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Nascimento et al. 2014). Thereby, the conservation of Caatinga have been receiving more 

attention in the last few years (Leal et al. 2005; Ribeiro et al. 2015; Queiroz et al. 2017). 

However, despite the efforts to increase scientific knowledge of non-native invasive species in 

Caatinga (Andrade et al. 2005, Andrade et al. 2009, 2010; Almeida et al. 2014; Nascimento et 

al. 2014), the effects of biological invasions on native diversity needs to be better understood. 

The traits that favor successful invasion of non-native species are well-known (Flory and Clay 

2010; Van Kleunen et al. 2010; Dawson et al. 2011; Matzek 2011), but the effects of plant 

invasion on diversity of regenerating sites remain poorly studied. In addition, only few studies 

aiming at the relationship between the richness of non-native and native species were 

developed in tropical regions (Peng et al. 2019). Our study evaluated the effects of three 

globally distributed invasive species comparing the diversity of the regenerating communities 

under invaded and non-invaded conditions in a semiarid tropical region. This comparison can 

provide valuable information on the management of invasive species and the nature 

conservation (Hejda et al. 2009). 

In order to assess the effects of plant invasion on the species richness of regenerating semiarid 

areas we aimed at verifying (i) if the species richness of the regenerated areas dominated by 

invasive species differ from the richness found in neighboring native vegetation and, if so, 

whether this originates from the identity of the invasive species, and (ii) if the species richness 

of invaded sites differ between the dominating invasive species. We hypothesized that sites 

dominated by invasive species present less species richness than non-invaded, independent of 

the identity of the invasive species and that the richness of the invaded sites differs between 

invasive species. 

 

Material and Methods 

 

Study site 

This study was conducted at the Deployment Area (DA) of the Integration of the São 

Francisco River Project (PISF) and its neighboring area. PISF is a water basin transfer 

basically composed by two independent concrete canals and structures responsible for the 

water transport. Each canal contains a series of pumping stations, concrete canals, tunnels, 

aqueducts, and dams in which the water flows by pumps and gravity. Together, the canals 
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extend linearly trough 477 km within Caatinga boundaries. DA corresponds to a marginal 

strip 100 m wide on each side of the canal over its entire length and the edge of some 

structures as dams and pumping stations, that was initially cleared of vegetation prior to the 

construction of the canal in 2007 (ANA, 2009). Since then, the DA had been occupied by 

several invasive populations, and altered by the constructions process, which include 

deforestation, ground excavation, underground explosions, debris deposition. In this period, 

the DA was under different levels of intervention, less or more permissive to natural 

regeneration depending on the phase of construction. Data collection were done by placing a 

series of plots within invasive populations, which were mainly on debris disposal areas and 

steep slopes created to support concrete structures, and within the neighboring native 

vegetation. 

Species Selection 

Our selection criteria to select the species on this study were based on populational and 

ecological aspects of the invaders obtained from monitoring surveys between May/2015 and 

June/2018 (see Chapter 1 for details). We looked for the species with greatest number of 

records at the sampling points, greatest number of invasive populations, most widespread 

occurrence, and that occupied the larger extents in the project’s deployment area. 

Currently, PISF has 21 non-native species recorded, eight of which, are considered invasive 

(Chapter 1). Of these species, three stand out due to their invasion status in the area and, thus, 

were selected for this study: Calotropis procera (Aiton) W.T.Aiton (Apocynaceae), Nicotiana 

glauca Graham (Solanaceae) and Prosopis juliflora (Sw.) DC. (Fabaceae). Together, they 

were responsible for about 80% of invasive populations and 54% of total non-native 

populations of the PISF. Also, their populations occupied 37% (C. procera), 64% (N. glauca) 

and 61% (P. juliflora) of DA’s extension, co-occurring at some stretches. 

Sampling design 

In order to assess the invasive species effects on DA’s ecological succession, sampling points 

were settled in 10 different sites (populations) of the three invasive species (four populations 

of N. glauca, three populations of C. procera and three populations of P. juliflora). The 

sampling points had a minimal extent in which the invasive species was dominant in the 

community and were settled in sections from 160 m (perpendicular Sampling) to 400 m 

(Parallel Sampling). In each section, circular plots of 6 m radius (approximately 100m²) were 
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arranged within DA (invaded plots) and in the neighboring native vegetation (non-invaded 

plots). In just one case, one individual of an invasive species (P. juliflora) was recorded 

within a non-invaded plot, that could not cause any changes in vegetation structure or species 

composition. To fit that, two different sampling designs were used: (i) when the entire DA’s 

width was occupied by a specific invasive species six pairs of plots were placed at the 

sampling point (three in invaded plots and three within neighboring area), the distance 

between the pair and the next pair were 80 m (Perpendicular Sampling - Figure 1), (ii) when 

the invasive population was located in only a part of DA, a nine plots transect, parallel to the 

canal, were established, with regular distances between them (invaded) and three pairs of 

plots (non-invaded) were placed at the beginning, middle and end of the transect within 

neighboring native area (Parallel Sampling - Figure 2), the transects varied between 240 m to 

400 m in length. At the native vegetation (non-invaded plots), the distance between plots 

inside the pair was 30 m, for both perpendicular and parallel sampling. 

 

Figure 1. Perpendicular Sampling Scheme to assess the invasion effects on the regeneration of invaded sites. 

Non-invaded plots were located within native vegetation, represented by the green area. Invaded plots were 

located at the disturbed area under regeneration, represented by the ground color area. Red circles represent the 

plots and black lines indicate the distances between plots inside the pair (30 m) and between pairs (80 m). 
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Figure 2. Parallel Sampling Scheme to assess the invasion effects on the regeneration of invaded sites. Non-

invaded plots were located within native vegetation, represented by the green area. Invaded plots were located at 

the disturbed area under regeneration, represented by the ground color area. Red circles represent the plots and 

black lines indicate the distances between plots of the transect (50 m) (invaded plots), inside the pair (30 m) and 

between pairs (200 m) (non-invaded plots). 

 

Data Analysis 

For each plot, all plant species were recorded (richness, S) and their individuals counted 

(abundance). Grasses were excluded from the assessment due to absence and difficulty to 

detection during the sampling season. To verify differences in regeneration between invaded 

and non-invaded areas we compared the species richness between then. Comparisons of the 

species richness among areas were made using permutational multivariate analysis of variance 

(PERMANOVA). Prior to the analysis, an individual-based rarefaction (95% of confidence 

level) was performed for each plot to account for differences in number of individuals 

between the invaded and non-invaded areas. The estimated richness values obtained from the 

rarefaction were used to compare the species richness among the environments. The Bray-

Curtis dissimilarity was used as distance measure for PERMANOVA based on species 

richness. 

First, we tested if the species richness of the invaded and non-invaded communities were 

different and if there were differences between the diversity of the areas dominated by each of 
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the invasive species (C. procera, N. glauca and P. juliflora) using a two-way PERMANOVA 

using the condition of the plots (invaded or non-invaded) and the invading species as factors 

with the estimated richness data. The observed difference between species was later checked 

through pairwise one-way PERMANOVA considering all possible combinations between 

pairs of species, using data only from the non-invaded plots. 

Second, we conducted an Indicator Value (IndVal) test (Dufrêne and Legendre 1997) to 

verify which native species were associated with sites dominated by each of the invasive 

species. IndVal is a simple measure to find indicator species for a group of sites. In this 

method the species relative abundance (specificity) is combined with its relative frequency of 

occurrence (fidelity) in the various groups of sites (Dufrêne and Legendre 1997) chosen a 

priori. A good indicator species is the one where most of the individuals are found in a single 

group and which occurs in all sites of that group. To perform this analysis, we split our 10 

sites in three groups relative to each dominant invasive species. Only data from the invaded 

plots were used for the test. 

 

Results 

 

13,971 plants representing 89 species, distributed in 62 genera and 27 families were registered 

during this study (Appendix 1). 78 species were identified (at least at genus level) and 11 

species remain without identification. The most representative families were Fabaceae (23% 

of the species), Euphorbiaceae (14%), Malvaceae (13%), Bromeliaceae (6%) and Cactaceae 

(6%). Other families were represented by a maximum of three species. Life forms of the 

species found varied among herbs, liana, scandent/vine, shrubs, subshrub, succulent and trees 

(Appendix 1). Most of the species (n=49) occurred exclusively at non-invaded plots (55%), 

11 species occurred exclusively at invaded plots (12%) and 29 species occurred both at 

invaded and non-invaded plots (33%) (Appendix 1). Among the identified species, six were 

non-natives for Caatinga (Appendix 1). Two non-native species (P. juliflora and T. 

procumbens) were registered within non-invaded plots and four native species (Tarenaya 

spinosa, Ipomoea asarifolia, Ditaxis desertorum and Vachelia farnesiana) occurred 

exclusively at invaded plots (Appendix 1). 

Non-invaded plots presented higher species richness than invaded plots. Rarefied species 

richness ranged from five to eleven species (median = 7) in non-invaded plots, while in 
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invaded plots it ranged from two to five species (median = 3), removing the outliers (Fig. 3). 

It was confirmed by the Two-way PERMANOVA results. There was significant difference 

between species richness of invaded and non-invaded sites owing both the presence/absence 

of invasion (F= 191.761, p= 0.001) and the identity of the invasive species (F= 5.475, p= 

0.003) (Table 1). Additionally, the invasion on the regenerating sites was the factor that most 

explain differences in species richness between sites (R² = 0.55) (Table 1). 

 

Table 1. Results of two-way non-parametric permutational multivariate analysis of variance (PERMANOVA) 

test for differences in the species richness of plant communities between invaded and non-invaded sites. DF = 

Degrees of freedom; SS = sums of squares; MS = mean square; Statistical test = F; R² = determination 

coefficient; p = probability value. 999 permutations and α = 0.05. Source: Local (Invaded and/or non-invaded 

plots); Invasive Non-native Species (I.A.S.); Residuals and Total. 

Source DF SS MS F R² P 

Local 1 5.116 5.116 191.761 0.55630 0.001 

I.A.S. 2 0.292 0.146 5.475 0.03176 0.003 

Residuals 142 3.788 0.0267 

 

0.41194 

 Total 145 9.197     1.00000   
Note: Results in boldface are significant at p < 0.05. 

 

 

Figure 3. Boxplot of the rarefied species richness in invaded and non-invaded sites. Boxplot are median (bold 

black line), quartiles (white rectangles), non-outlier range (black lines), and possible outliers (white circles). 
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Sites invaded by C. procera presented significant difference in species richness compared 

with both of other invaders (C. procera vs N. glauca: F= 6.77, p= 0.009, and C. procera vs P. 

juliflora: F= 5.84, p= 0.016) (Table 2). In contrast, Nicotiana glauca and P. juliflora were not 

significant different from each other (F= 1.1, p= 0.319) (Table 2). The highest mean richness 

of sites invaded by C. procera (18±2.08 species) in comparison with sites invaded by N. 

glauca (10±2.5 species) and P. juliflora (9±7 species) suggest that C. procera allows more 

species to co-occur in sites dominated by this (Fig. 4). 

 

Table 2. Results of one-way non-parametric permutational multivariate analysis of variance (PERMANOVA) 

tests for differences between invasive species in the diversity of the invaded communities. DF = Degrees of 

freedom; SS = sums of squares; MS = mean square; Statistical test = F; R² = determination coefficient; p = 

probability value. 999 permutations and α = 0.05. Source: Invasive Non-native Species (I.N.S.). 

 

Pairwise comparisons 

 

C. procera vs. N. glauca 

 

C. procera vs. P. juliflora 

 

N. glauca vs. P. juliflora 

Source F P   F p   F p 

I.N.S. 6.77 0.009 

 

5.84 0.016 

 

1.1 0.319 

                  
Note: Results in boldface are significant at p < 0.05. 

 

 

Figure 4. Boxplot of the mean species richness of the invasive species on the study. Boxplot are mean (bold 

black line), standard deviation (white rectangles), non-outlier range (black lines). 
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Species association 

The IndVal method revealed three significant indicator species for sites invaded by Calotropis 

procera (Piptadenia stipulacea: p= 0.018; Poincianela pyramidalis: p= 0.018, and Mimosa 

arenosa: p= 0.013), and one significant indicator species for sites invaded by Calotropis 

procera and Nicotiana glauca (Sida sp2: p= 0.030) (Table 3). No species were 

disproportionally associated with P. juliflora populations. All the species associated with the 

groups are natives to the Caatinga. Life forms of the indicators varied among herb, shrub, 

subshrub and tree. All indicator species are related with pioneer and/or early secondary 

successional stages. IndVal results supported the results of one-way PERMANOVA tests. 

Sites invaded by C. procera were the only that had strongly associated species. 

Table 3. Species associated to each invaded site by Indicator Value (IndVal) method. Indicated Groups: Sites 

invaded by C. procera populations (1), Sites invaded by N. glauca populations (2), IndVal Index (ranged from 0 

to 1), Statistical significance (p< 0.05), values obtained by aleatory permutation procedure. Life form and Origin 

were checked with Flora do Brasil 2020.Ecological Groups: Pioneer (PI), Early Secondary (ES), according to 

the classification of Gandolfi et al. (1995). 

Indicator Species 

Indicated 

Group 

IndVal 

Index p   Life Form Origin 

Ecological 

Group 

Piptadenia stipulacea 1 1.000 0.018 
 

Shrub Native ES 

Poincianela 

pyramidalis 
1 1.000 0.018 

 
Shrub, Tree Native PI, ES 

Mimosa arenosa 1 0.938 0.013 
 

Shrub, Tree Native PI, ES 

 
       

Sida sp2 

1 + 2 0.995 0.030   

Herb, 

Shrub, 

Subshrub 

Native  PI 

 

Discussion 

 

Our results support the hypothesis that sites dominated by invasive species present less 

species richness than neighboring non-invaded sites. Also, the invasion by non-native species 

in the regeneration sites was the main cause of the difference between invaded and non-

invaded communities. The species richness of invaded sites was different depending on the 

individual dominant invasive species. However, the identity of the invasive species only 

marginally explained these differences. We found significant differences in plant communities 

between sites dominated by N. glauca and P. juliflora from those invaded by C. procera. We 
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also found higher mean and absolute species richness in plots invaded by C. procera. This 

result suggests that C. procera has a greater tolerance to co-occurrence of native species. 

Measuring the effects of invasive species on invaded communities by comparing invaded and 

non-invaded sites may bring some uncertainty related to other factors that could have 

influenced the establishment of the existing plant community other than biological invasion 

(Hejda et al. 2009). In our study, the invaded plots were positioned near the non-invaded areas 

(paired design), in sites with similar environmental conditions. Also, others effects of 

disturbance on the habitat were controlled using the rarefaction method for the collected data 

in order to avoid a potential sampling bias. We believe that possible external factors were 

successfully controlled once the variation in plant communities was mainly explained by the 

effect of invasion (R² = 0.55). 

The reduced diversity in invaded areas was already expected, since invasive species generally 

have superior performance than natives in several traits, such as growth rate, size and fitness 

(Van Kleunen et al. 2010). In addition, anthropogenic disturbances, such as those found in our 

study area, tend to favor the increase of the diversity and abundance of non-native species 

(Jauni et al. 2015). The high resource-use efficiency, even in limited-resource environments 

(Funk and Vitousek 2007; Matzek 2011) confers to many invasive non-native species a 

greater ability to colonize disturbed sites compared to native species. Habitats in early 

successional stages after disturbance are more likely to be colonized by non-native species 

(Catford et al. 2012) because the damage of these disturbances on the resident community 

increases resource availability and creates opportunities for colonization of new species 

(Davis et al. 2000). It is possible that the additive effect of disturbance plus superior 

performance of non-native species alters the regeneration patterns of the local native 

community. 

Except for Lugo and Helmer (2004), which suggest that exotic-dominated sites can provide 

suitable regeneration habitats for native species, plant invasion generally has direct or indirect 

negative effects on regeneration of native species (Reinhart et al. 2005; Meiners 2007; 

Mascaro et al. 2008; Flory and Clay 2010). Direct effects involve decreased natural 

regeneration through competition and reduced light availability (Flory and Clay 2010) and 

indirect effects related to increasing risk of seed predation (Meiners 2007) and incorporation 

of physical barriers to seedlings establishment (Flory and Clay 2010). 
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Another effect of invasive species on the regeneration of native communities is on the 

recruitment of native plants. It is known that non-native species could have negative impact 

on the growth, survival and fecundity of native seedlings (Gould and Gorchov 2000; Stinson 

et al. 2006), but evidences showing the mechanisms on how invasive plant species affect 

native plant recruitment are poorly documented. In contrast, the presence of non-native plant 

species may have a positive influence on the recruitment of other plants, but this is context-

dependent. For example, shade-tolerant plants had greater richness and abundance under the 

canopy of the non-native shrub Pyracantha angustifolia (Rosaceae) than when associated 

with another native shrub (Tecco et al. 2006). 

Papers have been published measuring the effects of a wide range of invaders on species 

diversity and composition of invaded communities (Hejda and Pyšek 2006; Hulme and 

Bremner 2006; Hejda and Pysek 2008; Hejda et al. 2009). They indicate that individual 

invaders have different levels of impact at the community scale. Traits related with species 

biometrics (height and cover) and the capacity to form mono-dominant stands (Hejda et al. 

2009) were among the characteristics for this difference. 

Aspects such as seed size and time of invasion seem to be important in minimizing the 

invasion effects on the regeneration of native species. Flory and Clay (2010) found that small-

seeded species, which have less stored resources, were more affected than large-seeded 

species under the same invader. Also, the contribution of native species on canopy cover after 

fire events were insignificant in long-invaded sites compared with non-invaded and recently 

invaded sites (Holmes and Cowling 1997). 

Implications for management and restoration 

Despite the fact that identity of the invasive species had less explanatory power to the reduced 

species richness on invaded sites, we found interesting differences among the three invasive 

species in our study. Sites invaded by N. glauca and P. juliflora were not significantly 

different each other, while those invaded by C. procera differed of both (Table 2). Although 

C. procera has similar characteristics to the other two invaders in the studied area, such as 

high production of fruits and seeds (Fabricante et al. 2013) that germinate with high efficiency 

(Leal et al. 2013) and high tolerance to edaphic and climatic conditions (Oliveira et al. 2009), 

this difference indicates that C. procera are less restrictive to the presence of other native 

species. Accordingly, the IndVal analysis suggested three native species strongly associated 

with C. procera populations (Table 3). All indicator species are associated with pioneer 
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and/or early secondary successional stages, which suggest that even under invasion by C. 

procera certain level of regeneration is allowed. 

The wide distribution of Nicotiana glauca and Prosopis juliflora in the Caatinga represents 

serious concern for the conservation of the biome. Both species have high seed production 

(Shiferaw et al. 2004; Fabricante et al. 2015) with high germination rates (Shiferaw et al. 

2004; Ollerton et al. 2012; Fabricante et al. 2015) and form dense and persistent soil seed 

banks (GISP 2005; DiTomaso et al. 2013). In addition, each species has specificities that 

make it difficult to restore the sites dominated by them. The high toxicity of Nicotiana glauca 

to humans (Steenkamp et al. 2002) and other animals (Panter et al. 2000) makes its natural 

biological control unlikely and, therefore, active and frequent management of the species is 

recommended. Prolonged drought periods, common in the Caatinga (Queiroz et al. 2017), 

increase adult mortality, but the survivor growth and the soil seed banks of N. glauca are 

easily recovered after flooding events (Florentine et al. 2006). P. juliflora has a 

socioeconomic context that favored its establishment and dispersion in Caatinga. Introduced 

in Brazil in the 1940s, as forage for livestock (Azevedo et al., 1982), its use was stimulated by 

the government (Reis 1984) and has become a key resource for the rural population. Also, 

several studies conducted in the Caatinga, demonstrate that P. juliflora has been associated 

with reduced diversity (Pegado et al. 2006; Andrade et al. 2008, 2009, 2010), increased 

mortality and inhibition growth of native species (Nascimento et al. 2014). 

Restoration and management programs may face financial resources limitation, this case, a 

priorities planning becomes necessary to efficient use the resources. Considering the intrinsic 

characteristics of N. glauca and P. juliflora and its greater negative effect on the regeneration 

of natural areas, the areas invaded by these species should have a higher priority to receive 

management efforts. Based on the importance of restoration for the management of non-

native plant invasion (Gaertner et al. 2012) we suggest that the management and control of 

non-native species in the invaded Caatinga areas must be followed by continuous efforts of 

active restoration. Also, the species Mimosa arenosa, Piptadenia stipulacea and Sida sp. are 

indicated for the recovery process of areas under C. procera invasion. 
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Appendix 1. List of non-native plant species recorded in the study area. Species are arranged alphabetically according to its respective family. The following information is given for each 

species: Family, species names, origin (native or non-native) and life forms. Species valid names, its respective author, origin and life form were obtained with Flora do Brasil 2020. 

 

Species Origin Local Life form 

    
Amaranthaceae 

   
  Amaranthus sp. 

 
I/N Herb 

Anacardiaceae 
   

  Myracrodruon urundeuva Allemão Native I/N Tree 

  Schinopsis brasiliensis Engl. Native N Tree 

  Spondias tuberosa Arruda Native N Shrub, Tree 

Apocynaceae 
   

  Aspidosperma pyrifolium Mart. &Zucc. Native I/N Tree 

  Calotropis procera (Aiton) W.T.Aiton Non-native I Shrub 

Asteraceae 
   

  Tridax procumbens L. Non-native I/N Herb 

Bignoniaceae 
   

  Handroanthus sp. 
 

N Shrub, Tree 

  Tabebuia aurea (Silva Manso) Benth. & Hook.f. ex S.Moore Native N Tree 

Boraginaceae 
   

  Cordia oncocalyx (Allemão) Native N Tree 

  Varronia globosa Jacq. Native N Shrub 

Bromeliaceae 
   

  Bromelia laciniosa Mart. ex Schult. & Schult.f. Native N Herb 

  Neoglaziovia variegata (Arruda) Mez Native N Herb 

  Tillandsia loliacea Mart. ex Schult. & Schult.f. Native N Herb 

  Tillandsia recurvata (L.) L. Native N Herb 

  Tillandsia streptocarpa Baker Native N Herb 

Burseraceae 
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  Commiphora leptophloeos (Mart.) J.B.Gillet  Native N Shrub, Tree 

Cactaceae 
   

  Cereus jamacaru DC. Native N Succulent, Tree 

  Melocactus zehntneri (Britton & Rose) Luetzelb. Native N Subshrub, Succulent 

  Opuntia palmadora Britton& Rose Native N Shrub, Subshrub, Succulent 

  Pilosocereus gounellei (F.A.C.Weber) Byles & Rowley Native I/N Shrub, Succulent 

  Tacinga inamoena (K.Schum.) N.P.Taylor & Stuppy Native N Subshrub, Succulent 

Capparaceae 
   

  Capparis yco (Mart.) Eichler Native N Shrub 

  Cynophalla hastata (Jacq.) J.Presl Native I/N Shrub 

Cleomaceae 
   

  Tarenaya spinosa (Jacq.) Raf. Native I Herb, Shrub 

Combretaceae 
   

  Combretum monetaria Mart. Native I/N Liana, scandent/vine, Shrub, Tree 

  Combretum sp. 
 

N Liana, scandent/vine, Shrub, Tree 

Convolvulaceae 
   

  Ipomoea asarifolia (Desr.) Roem. &Schult. Native I Herb, Liana, scandent/vine 

Cyperaceae 
   

  Ptilochaeta sp. 
 

N Herb 

Erythroxylaceae 
   

  Erythroxylum pungens O.E.Schulz Native N Shrub, Tree 

Euphorbiaceae 
   

  Cnidoscolus bahianus (Ule) Pax&K.Hoffm. Native N Shrub, Tree 

  Cnidoscolus quercifolius Pohl Native N Shrub, Tree 

  Cnidoscolus urens (L.) Arthur Native I/N Shrub, Subshrub 

  Croton blanchetianus Baill. Native I/N Shrub, Tree 

  Croton echioides Baill. Native N Shrub, Tree 

  Ditaxis desertorum (Müll.Arg.) Pax&K.Hoffm. Native I Shrub, Subshrub 

  Jatropha mollissima (Pohl) Baill. Native N Shrub, Tree 

  Jatropha ribifolia (Pohl) Baill. Native I/N Shrub, Subshrub 
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  Manihot sp. 
 

I/N 
Herb, Liana, scandent/vine, Shrub,  Subshrub, 

Tree 

  Sapium glandulosum (L.) Morong Native N Shrub, Tree 

  Sebastiania macrocarpa Müll.Arg. Native N Shrub, Tree 

Fabaceae 
   

  Amburana cearensis (Allemão) A.C.Sm. Native N Tree 

  Anadenanthera colubrina (Vell.) Brenan Native I/N Shrub, Tree 

  Bauhinia cheilantha (Bong.) Steud. Native N Shrub, Tree 

  Calliandra sp. 
 

N Shrub, Subshrub, Tree 

  Chloroleucon foliolosum (Benth.) G.P.Lewis Native N Shrub, Tree 

  Chloroleucon sp. 
 

N Shrub, Tree 

  Libidibia ferrea (Mart. exTul.) L.P.Queiroz Native N Tree 

  Mimosa arenosa (Willd.) Poir. Native I/N Shrub, Tree 

  Mimosa tenuiflora (Willd.) Poir. Native I/N Shrub, Subshrub, Tree 

  Parapiptadenia sp. 
 

N Shrub, Tree 

  Parapiptadenia zehntneri (Harms) M.P.Lima&H.C.Lima Native I/N Shrub, Tree 

   Piptadenia sp. 
 

N Liana, scandent/vine, Shrub, Tree 

  Piptadenia stipulacea (Benth.) Ducke Native I/N Shrub 

  Poincianella pyramidalis (Tul.) L.P.Queiroz Native I/N Shrub, Tree 

  Prosopis juliflora (Sw.) DC. Non-native I/N Shrub, Tree 

  Senna macranthera (DC. ex Collad.) H.S.Irwin&Barneby Native N Shrub, Tree 

  Tephrosia purpurea (L.) Pers. Non-native I Subshrub 

  Vachellia farnesiana (L.) Wight &Arn. Native I Shrub 

Lamiaceae 
   

  Mesosphaerum suaveolens (L.) Kuntze Native I/N Herb, Shurb, Subshurb 

Malvaceae 
   

  Helicteres baruensis Jacq. Native N Shrub 

  Melochia tomentosa L. Native I/N Shrub, Subshrub 

  Pseudobombax marginatum(A.St.-Hil., Juss. &Cambess.) A.Robyns Native N Tree 

  Sida galheirensisUlbr. Native I/N Subshrub 
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  Sida sp1. Native I/N Herb, Shurb, Subshurb 

  Sida sp2. Native I/N Herb, Shurb, Subshurb 

   Sida sp3. Native I/N Herb, Shurb, Subshurb 

  Sida sp4. Native I/N Herb, Shurb, Subshurb 

  Sida sp5. Native I/N Herb, Shurb, Subshurb 

Nyctaginaceae 
   

  Guapira noxia (Netto) Lundell Native N Shrub, Tree 

  Boerhavia diffusa L. Non-native I Herb 

Portulacaceae 
   

  Portulaca elatior Mart. Native I/N Herb 

Rhamnaceae 
   

  Ziziphus joazeiro Mart. Native N Tree 

Rubiaceae 
   

  Cordiera sp. 
 

N Shrub, Subshrub, Tree 

Sapindaceae 
   

  Serjania sp. 
 

I Liana, scandent/vine, Shrub 

Sapotaceae 
   

  Sideroxylon obtusifolium (Roem. &Schult.) T.D.Penn. Native N Shrub, Tree 

Selaginellaceae 
   

  Selaginella sp. Native N Herb 

Solanaceae 
   

    Nicotiana glauca Graham Non-native I Shrub 

    
Notidentified 1 

 
I 

 
Notidentified 2 

 
N 

 
Notidentified 3 

 
N 

 
Notidentified 4 

 
N 

 
Notidentified 5 

 
I 

 
Notidentified 6 

 
N 

 
Notidentified 7 

 
N 
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Notidentified 8 
 

N 
 

Notidentified 9 
 

N 
 

Notidentified 10 
 

I/N 
 

Notidentified 11 
 

I/N 
 

 


