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Abstract - Biological invasions are increasingly common worldwide due to continuous transformations that environments 
have been undergoing. Thus, this study aimed to catalog the exotic invasive species from different environments at the 
Agricultural Sciences Campus from the Federal University of  Vale do São Francisco, Petrolina-PE and to measure the 
distribution of  the species diversity in the evaluated environments. The study area was initially divided into six environments. 
By walking through them (active search), all exotic invasive species were collected and herborized. Overall, 29 species were 
sampled, distributed into 16 genera and 12 families. From all catalogued species, 18 were herbs, four trees, four climbing 
plants and three bushes. Regarding their origin, 13 were from African continent, one from Europe, two from Asia, two from 
India, one from Madagascar and four from Central America. Some species still have natural occurrence at more than one 
continent. The ruderal environments showed greater similarity to each other, with a percentage of  exotic invasive species 
in common, equal or greater than 75%. This study suggests that modified environments (degraded) facilitate biological 
invasions.

Keywords: Anthropic Action; Bioinvasion; Steppe Savanna.

Avaliação da flora exótica invasora em distintos ambientes e condições de conservação de uma área nos domínios 
da caatinga, Petrolina, PE

Resumo - As invasões biológicas são cada vez mais comuns em todas as partes do mundo devido as continuas transformações 
que os ambientes vêm sofrendo. Assim, o presente trabalho teve como objetivo inventariar as espécies exóticas invasoras 
que ocorrem em distintos ambientes do Campus de Ciências Agrárias da Universidade Federal do Vale do São Francisco, 
Petrolina-PE e ponderar sobre a distribuição da riqueza de espécies exóticas invasoras nos ambientes avaliados. A área 
de estudo foi inicialmente dividida em seis ambientes. Por meio de caminhadas (busca ativa) por esses ambientes, todas 
as espécies exóticas invasoras foram coletadas e herborizadas. Ao todo foram amostradas 29 espécies, distribuídas em 16 
gêneros e 12 famílias. Do total de espécies inventariadas, 18 eram ervas, quatro árvores, quatro trepadeiras e três arbustos. 
Em relação à origem das espécies, 13 eram do continente africano, uma da Europa, duas da Ásia, duas da Índia, uma de 
Madagascar e quatro da América Central. Algumas espécies ainda possuem ocorrência natural em mais de um continente. Os 
ambientes ruderais apresentaram uma maior similaridade entre si, com uma porcentagem de espécies exóticas invasoras em 
comum, igual ou superior a 75%. Esse estudo sugere que ambientes modificados (degradados) são facilitadores das invasões 
biológicas.

Palavras-chave: Ação Antrópica; Bioinvasão; Savana Estépica.
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Evaluación de la flora exótica invasora en distintos ambientes y condiciones de conservación de un área en los 
ámbitos de la caatinga, Petrolina, PE

Resumen - Las invasiones biológicas son cada vez más comunes en todas partes del mundo debido a las continuas 
transformaciones que han sufrido los ambientes. Así, el presente trabajo tuvo como objetivo inventariar las especies exóticas 
invasoras que ocurren en distintos ambientes del Campus de Ciencias Agrarias de la Universidade Federal do Vale do São 
Francisco, Petrolina-PE y reflexionar sobre la distribución de la riqueza de especies exóticas invasoras en los ambientes 
evaluados. El área de estudio fue inicialmente dividida en seis ambientes. Por medio de caminatas (búsqueda activa) por esos 
ambientes, todas las especies exóticas invasoras fueron recolectadas y herborizadas. En total fueron muestreadas 29 especies, 
distribuidas en 16 géneros y 12 familias. Del total de especies inventariadas, 18 eran hierbas, cuatro árboles, cuatro trepadoras 
y tres arbustos. En cuanto al origen de las especies, 13 eran del continente africano, una de Europa, dos de Asia, dos de India, 
una de Madagascar y cuatro de Centroamérica. Algunas especies todavía tienen ocurrencia natural en más de un continente. 
Los ambientes ruderales presentaron una mayor similitud entre sí, con un porcentaje de especies exóticas invasoras en 
común, igual o superior al 75%. Este estudio sugiere que los ambientes modificados (degradados) son facilitadores de las 
invasiones biológicas.

Palabras clave: Acción Antrópica; Bio invasión; Sabana estépica.

Introduction

Biological invasions are increasingly common worldwide due to continuous transformations that environments 
have been undergoing (Chaffin et al. 2016). This global phenomenon has caused serious effects over biodiversity 
and different society sections (Vitousek et al. 1996). According to Pimentel et al. (2001), biological invasions result 
in a loss corresponding to 5% of  global economy. 

The success of  a species into biological invasion process requires dispersion, establishment and survival (Kolar 
and Lodge 2001). Opportunities are introduced mostly by human interference in natural environments, either by 
intentional or accidental introduction, as well as by changes in the physical environment (Kolar and Lodge, 2001; 
Pimentel et al. 2001).

 Among the theories that explain a successful biological invasion, the one that stands out is the environment 
characteristics (Hobbs and Huenneke 1992). According to Ziller (2001), degraded environments with low diversity 
are more susceptible to invasion by exotic species, since these sites have vague ecological niches. Therefore, ruderal 
environments, for example, harbor a high diversity of  alien invasive species (Vila and Pujadas 2001). In contrast, 
preserved environments with high biodiversity work as a barrier to alien species (Fine 2002; Vitule and Prodocimo 
2012).

Land use, combined to socioeconomic factors, directly influence the introduction and propagation of  exotic 
species (Jenkins 1996). In the Brazilian semi-arid region, extensive cattle farming, shifting agriculture and logging 
are the main ways of  degradation and biodiversity loss (Andrade et al. 2010). 

A total of  205 exotic invasive species occur in the Caatinga biome (Almeida et al. 2014), however, studies on 
biological contamination are still scarce in this region, despite increasing last years (Andrade et al. 2009; Andrade et 
al. 2010; Gonçalves et al. 2011; Fabricante and Siqueira-Filho, 2012a; Fabricante et al. 2013; Fabricante et al. 2016; 
Pegado et al. 2006; Sousa et al. 2016). It is worth highlighting that most of  the studies are intended to some exotic 
invasive species, being rare to map exotic flora from a certain place. 

In this scenario, this work aimed to catalog exotic invasive species that occur on different environments at the 
Agricultural Sciences Campus of  the Federal University of  Vale do São Francisco, Petrolina-PE, and to measure 
the distribution of  the species diversity in the evaluated environments.
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Material and Methods

Study site

The research was performed at the Agricultural Science Campus from the Federal University of  Vale do São 
Francisco (UNIVASF) Petrolina, PE (9º19’44,2’’ S and 40º33’30,1’’ W), experimental area corresponds to 3.6 km² 
(Figure 1), from October 2016 to January 2017. The region climate is Bsh (Hot semi-arid climate) according to 
the Koppen-Geiger classification, with seven to eight dry months, 612 mm of  annual precipitation and 26.3 ºC of  
average temperature (Leal et al. 2003). 

The predominant soils are Quartzarenic Neosols and the vegetation is Forested Steppe Savanna (Ta) (IBGE 
1992), under different conservation conditions (Souza et al. 2013b).

The Agricultural Sciences campus was built in an area donated by the São Francisco and Parnaíba Valley 
Development Company (Codevasf) (UNIVASF 2017). There was partial removal of  native vegetation, during the 
campus construction, leaving only fragments of  its original vegetation, distributed irregularly (Souza et al. 2013b).

Figure 1. Agricultural Science Campus from the UNIVASF.

Methodology

Initially the study area was divided into six different environments, namely: Environment 1: ruderal environments 
(roads and trails); Environment 2: ruderal environments (constructions); Environment 3: ruderal environments 
(agricultural sites - environments with crops and animal husbandry); Environment 4: preserved natural Caatinga 
sites (Caatinga areas in intermediary/advanced stage of  ecological succession - characterized by bushes and trees 
predominance); Environment 5: degraded Caatinga sites (Caatinga areas on initial stage of  ecological succession - 
characterized by herbs and bushes predominance); Environment 6: Ciliary environments and floodplain. 
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Active searches were conducted and all exotic invasive species were collected, then herborized and deposited at 
the herbarium of  the Nucleus of  Education and Environmental Monitoring (NEMA). The taxonomic classification 
was made according to APG III System (2009) and the authors name spelling according to the List of  Species of  
the Brazilian Flora (2017). 

It was considered to be an exotic invasive those species that are able to reproduce in an effective way to 
maintain a viable population, and that is able to disperse for areas far from its original introduction location and to 
establish there, invading the new region (Moro et al. 2012). This classification was done through field observations 
and consulting to scientific articles (Almeida et al. 2014; Fabricante et al. 2015; Fabricante and Siqueira-Filho 
2012b; Horowitz et al.  2013), as well as consulting databases on the subject (Bionet-Eafrinet 2017; Cabi 2017; 
I3N Brasil 2017; ISSG Global Invasive Species Database 2017). The species were also classified according to their 
habit (herbs, bushes, climbers and trees) and to their origin. In order to realize this last one, the same listed above 
databases were consulted.

To evaluate the floristic similarity between the environments, the Jaccard coefficient (Sj) was used (Müller-
Dombois and Ellemberg 1974), and the evaluation of  clusters adjustment degree was verified by the Cophenetic 
Correlation Coefficient (ccc), as proposed by Sokal and Rohlf  (1962). The cluster method used was the Arithmetic 
Average Clustering (Sneat and  Sokal 1973). An analysis of  Non-Metric Multidimensional Scheduling was also 
performed (NMDS) (Melo and Heep 2008).

Results and Discussion

Overall, 29 species were sampled, distributed in 16 genera and 13 families (Table 1). The Poaceae family 
was the most representative with 13 species (44.8%), followed by Cucurbitaceae with three species (10.3%) and 
Apocynaceae and Fabaceae, both with two species (6.8%). The other families were represented by a single species 
(3.4%).

The high representativeness of  the families Poaceae and Fabaceae is common in surveys of  exotic flora 
(Almeida  et al. 2014; Fabricante et al. 2015; Fabricante et al. 2012b; Horowitz et al. 2013) although in a survey of  
exotic trees, the number of  species are well distributed among all families (Santana and Encinas 2008). However, 
because they are tree, it excludes grasses that have the greatest representativeness in the other studies. 

Table 1. Exotic invasive species list sampled at Agricultural Sciences Campus from Federal University of  the São 
Francisco Valley (UNIVASF).

Family Species Origin Habit Voucher

Amaranthaceae Amaranthus viridis L. Central America Herb 4482

Apocynaceae Calotropis procera (Aiton) W.T.Aiton Africa and Asia Shrub 4476

  Catharanthus roseus (L.) Don Madagascar Subshrub 4480

Asteraceae Emilia sonchifolia (L.) DC. ex Wight Africa and Asia Herb 4484

Convolvulaceae Ipomoea wrightii A.Gray Americas Climbing Plant 2404

Cucurbitaceae Citrullus vulgaris Schrad. Africa Climbing Plant 4487

  Cucumis melo var. momordica (Roxb.) Cogn. Africa Climbing Plant 4498

  Momordica charantia L. Africa and Asia Climbing Plant 4488

Cyperaceae Cyperus rotundus L. India Herb 4499

Euphorbiaceae Ricinus communis L. Africa Shrub 4496
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Family Species Origin Habit Voucher

Fabaceae Leucaena leucocephala (Lam.) de Wit Central America Tree 4490

  Prosopis juliflora (Sw.) DC. America Tree 4489

Meliaceae Azadirachta indica A.Juss. Asia Tree 4479

Myrtaceae Psidium guajava L. Central America Tree 4495

Nyctaginaceae Boerhavia diffusa L. India Herb 4491

Oxalidaceae Oxalis corniculata L. Europa Herb 4497

Poaceae Aristida adscensionis L. Africa Herb 4481

  Cenchrus ciliaris L. Africa, India e Indonesia Herb 4478

  Cenchrus echinatus L. Central America Herb 4486

  Cynodon dactylon (L.) Pers. Africa Herb 4501

  Dactyloctenium aegyptium (L.) Willd. Africa Herb 4485

  Digitaria ciliaris (Retz.) Koeler Asia Herb 4494

 
Enneapogon cenchroides (Roem. and Schult.) 
C.E. Hubb.

Africa Herb 4493

 
Eragrostis tenella (L.) P.Beauv. ex Roem. and 
Schult.

Africa Herb 4483

  Eragrostis ciliaris (L.) R.Br. Africa Herb 4500

  Melinis repens (Willd.) Zizka Africa Herb 4477

 
Sorghum bicolor subsp. Arundinaceum (Desv.) 
de Wet & J.R.Harlan

Africa Herb 4492

  Tragus berteronianus Schult. Africa Herb 4503

  Urochloa mollis (Sw.) Morrone & Zuloaga Africa Herb 4502

The high representativeness of  the families Poaceae and Fabaceae suggest the existence of  a pattern when 
certain families are present in surveys with exotic invasive flora. Grasses, for example, have several invasive species 
across the country, especially the species that are used as forage (Matos and Pivello 2009). This type of  purpose is 
the main cause for this family to dominate invasions in relation to others (Almeida et al. 2014). 

In general, exotic invasive plants are introduced because of  some economic value characteristics (Pegado et al. 
2006). The drought resistance, the facility to establish (William and Baruch 2000) and the large biomass production 
in dry seasons led to the introduction of  these species in the country (D’Antonio and Vitousek 1992; Williams and 
Baruch 2000); However, these same characteristics, combined to other attributes such as anemochory and large 
seed production, make these potential invasive species, for example Cenchrus ciliaris L. (Williams and Baruch 2000; 
Ziller 2001).

In this research, was sampled 10% of  the total exotic invasive species found by Almeida et al. (2014) in a 
compilation of  data evaluating the profile of  exotic invasive species from Caatinga flora. This number becomes 
significant when considers the scales used by both studies: the experimental area corresponds to 3.6 km², while the 
total area of  the Caatinga is equal to 800,000 km² (Almeida et al. 2014).  

Almeida et al. (2014) do not list eight species: Catharanthus roseus (L.) Don, Cenchrus echinatus L., Citrullus 
vulgaris Schrad., Cucumis melo var. momordica (Roxb.) Cogn., Emilia sonchifolia (L.) DC. ex Wight, Eragrostis ciliaris (L.) 
R.Br., Eragrostis tenella (L.) P.Beauv. ex Roem. and Schult, Urochloa mollis (Sw.) Morrone & Zuloaga. By then, only 
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Catharanthus roseus, Cenchrus echinatus and Eragrostis tenella were listed in other surveys in the region (Fabricante et al. 
2015; Fabricante and Siqueira-Filho 2012b).

From the catalogued species, 19 were sampled by Fabricante et al. (2015). The proximity among the areas 
should be the main reason for the high species number in common, added the fact that most of  the species are 
widely distributed in the Brazil Northeaster and many in whole country (List of  Species of  the Brazilian Flora, 
2017).

The exotic species diversity observed was similar to that found by Fabricante et al. (2015) in a survey performed 
in São Francisco river islands, which was superior to the values found in other similar works (Martins et al. 2007; 
Santana and Encinas 2008). However, it was lower than that found in a floristic catalog realized under the São 
Francisco River Integration Project (PISF) (Fabricante and Siqueira-Filho, 2012b). 

From total catalogued species, 18 were herbs (62%), four were trees (13.8%), four were climbing plants (13.8%) 
and three were bushes (10.4%) (Table 1). The high representativeness of  herbaceous plants was also observed in 
similar studies carried out in the São Francisco valley region (Fabricante et al. 2015; Fabricante and Siqueira-Filho 
2012b). This high representativeness may be related to anthropic activities developed in the region for pasture 
production, since most of  them are used as forage.  

Regarding the species origin, 13 are from the African continent (44.8%), from that 76% were grasses. African 
grasses were introduced in Brazil aiming pasture farming (Pivello 2011), however, they often naturalize and propagate 
rapidly and widely (Parsons 1972). The species from this plant group are considered extremely aggressive and great 
competitors (Martins et al. 2007), have higher photosynthetic rates and better uses of  resources, especially in arid 
and semi-arid ecosystems (D’Antonio and Vitousek 1992). The grasses aggressiveness from African continent 
is superior when compared to other continents (e.g. Asia), probably due to differences in biophysical conditions 
among the continents, not allowing an uncontrolled expansion, as with the African ones (Pivello 2011)

For the other species, four have their origin in Central America, two in Asia, two in India, one in Madagascar 
and one in Europe. Some species still have a natural occurrence in more than one continent such as Calotropis 
procera (Aiton) W.T.Aiton, Emilia sonchifolia (L.) DC. Ex Wight and Momordica charantia L. occurring in Africa and 
Asia, Cenchrus ciliaris L. in Africa, India and Indonesia and Ipomoea wrightii A.Gray and Prosopis juliflora (Sw.) DC., in 
the Americas (Table 1). 

At first, the exotic species introduction was associated with agricultural and forestry needs, however, the 
ornamental plants business is responsible for the most widely disseminated species around the world (Ziller 2001; 
Binggeli 2001). Over time, about 50% of  recorded situations from ornamental plant introduction have become 
exotic invasive species (Binggeli 2001). Human activities are considered to be responsible for species introduction 
into new locations, whether accidental or intentional (D’Antonio and Vitousek 1992).

The reason for the Brazilian introduction of  the species sampled in this work is quite variable. Species such as 
Cenchrus ciliaris L., Prosopis sp., Leucaena leucocephala (Lam.) de Wit. and Sorghum bicolor subsp. Arundinaceum 
(Desv.) from Wet & J.R.Harlan were brought to be used as forage (Evangelista et al. 2005; Rodrigues et al. 2004; 
Vasconcelos et al. 2012), Psorium guajava L. was brought for agricultural use (Siqueira et al. 2012), others, such 
as Catharanthus roseus (L.) Don, Azadirachta indica A.Juss., Cynodon dactylon (L.) Pers., for use in landscaping 
(Christoffoleti and Aranda 2001; Menezes and Hardoim 2013, Souza et al. 2013a). There are still examples of  
species that were probably introduced accidentally, as Enneapogon cenchroides (Roem. and Schult.) C.E. Hubb. 
(Silva et al. 2013).

The ruderal environments presented the highest number of  species. Environment 2 (buildings) presented 
27 species from the total (89.6%), while Environment 1 (roads and trails) and Environment 3 (agricultural 
sites) presented 23 species each (79.3%). Environments 5 (degraded Caatinga sites) and Environment 6 (ciliary 
environments and floodable sites) presented 13 and 15 species (44.8% and 51.7%), respectively (Table 2). Cenchrus 
ciliaris and Enneapogon cenchroides are present in all environments, while Azadiracthta indica, Digitaria ciliaris and Ipomoea 
wrightii were sampled in a single environment each. 
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Table 2. Exotic Invasive species sampled at Agricultural Science Campus from the Federal University of  Vale do 
São Francisco (UNIVASF) per environment. Being:  Environment 1 - ruderal environments (roads and trails); 
Environment 2 - ruderal environments (constructions); Environment 3 - ruderal environments (agricultural 
sites); Environment 4 - preserved Caatinga sites; Environment 5 - degraded Caatinga sites; Environment 6 - 

Ciliary environments and floodplain sites.

Species
Environments

1 2 3 4 5 6

Amaranthus viridis L. 1 1 1 0 1 1

Aristida adscensionis L. 1 1 1 0 1 1

Azadirachta indica A.Juss. 0 1 0 0 0 0

Boerhavia diffusa L. 1 1 1 0 0 1

Calotropis procera (Aiton) W.T.Aiton 1 1 1 0 1 0

Catharanthus roseus (L.) Don 0 1 0 0 0 0

Cenchrus ciliaris L. 1 1 1 1 1 1

Cenchrus echinatus L. 1 1 1 0 0 1

Citrullus vulgaris Schrad. 1 1 1 0 1 0

Cucumis melo var. momordica (Roxb.) Cogn. 1 1 1 0 0 0

Cynodon dactylon (L.) Pers. 1 1 0 0 0 0

Cyperus rotundus L. 1 1 1 0 0 0

Dactyloctenium aegyptium (L.) Willd. 1 1 1 0 1 1

Digitaria ciliaris (Retz.) Koeler 0 0 0 0 1 0

Emilia sonchifolia (L.) DC. ex Wight 1 1 1 0 0 1

Enneapogon cenchroides (Roem. and Schult.) C.E. Hubb. 1 1 1 1 1 1

Eragrostis ciliaris (L.) R.Br. 1 1 1 0 0 0

Eragrostis tenella (L.) P.Beauv. ex Roem. and Schult. 1 1 1 0 0 0

Ipomoea wrightii A.Gray 0 1 0 0 0 0

Leucaena leucocephala (Lam.) de Wit 1 1 1 0 0 1

Melinis repens (Willd.) Zizka 1 1 1 0 1 1

Momordica charantia L. 1 1 1 0 1 1

Oxalis corniculata L. 0 1 1 0 0 1

Prosopis juliflora (Sw.) DC. 1 1 1 0 1 1

Psidium guajava L. 0 1 1 0 0 0

Ricinus communis L. 1 1 1 0 0 1

Sorghum bicolor subsp. Arundinaceum (Desv.) de Wet & J.R.Harlan 1 0 1 0 1 1

Tragus berteronianus Schult. 1 1 1 0 0 0

Urochloa mollis (Sw.) Morrone & Zuloaga 1 0 0 0 1 0



ISSN 1981-1268 ALVES ET AL. (2019) 147

GAIA SCIENTIA (2019). VOLUME 13(1): 140-152

Exotic invasive flora evaluation on different environments

Anthropogenic changes such as high levels of  urbanization, simplification of  the environment and changes 
in land use and cover, work as facilitators in the entry process, establishment and colonization by exotic invasive 
species, bearing in mind that these environments have low resilience, and these species, generally, present 
competitive advantages in relation to native species (Mack et al. 2000). Furthermore, a plant community becomes 
more susceptible to invasion as there is an increase of  unused resources, since they do not find resident species 
(Davis et al. 2000).

According to Sher and Hyatt (1999), disorders that change the environment susceptibility to biological invasion 
are characterized by the increase or decrease in resource availability as light, space and nutrients. The increase in 
resource availability can also be caused by other exotic invasive species, in which they work as facilitators to 
establish new exotic species, by inhibiting the native plant community (Flory and Bauer 2014). As native species 
are being regionally eliminated through their habitat destruction, exotic invasive species increase their populations 
due to provoked disorders (Fabricante and Siqueira-Filho 2012b). 

The relative communities’ vulnerability to biological invasion process is explained through vague or 
underutilized niches (Mack et al. 2000). The vague niche hypothesis suggests that relatively poor communities in 
number of  native species do not offer “biological resistance” to non-native species (Holle et al. 2003) 

Environment 4 (natural sites of  preserved Caatinga) presented only two exotic invasive species. According to 
Elton (1958), community resistance to biological invasions is related to the number of  native species present in the 
community, so preserved environments are more stable, since it is unlikely that the community has vague niches 
that cannot be defended.

However, some species can overcome these barriers, such as Enneapogon cenchroides (Roem and Schult.) C.E. 
Hubb and Cenchrus ciliaris L. Enneapogon cenchroides that still presents its restricted distribution to Caatinga 
environments (Silva et al. 2013), where it was pointed out for the first time in the country recently (Fabricante 
and  Siqueira-Filho 2012b; Silva et al. 2013). Cenchrus ciliaris, popularly known as buffel grass, is known for 
impacts it causes on environments that it invades, especially on the herbaceous stratum. Much attention must 
be paid to the eradication of  these species, since they can also occupy degraded sites, they can invade preserved 
sites, corroborating with the idea that exotic invasive species can replace autochthonous species, besides causing 
negative effects on the ecosystem (Fabricante and Siqueira-Filho 2012a; Fabricante and Siqueira-Filho 2012b). 

A research with C. ciliaris demonstrated its ability to form dense populations and eliminate native species, 
in addition to establishing negative relationships with them. Its effects act over the structure, composition and 
diversity on the Caatinga herbaceous stratum (Alves et al. 2017). 

The ruderal environments showed a greater similarity to each other, with a percentage of  exotic invasive 
species in common equal to or greater than 75%. Among these environments and Environments 5 (sites of  
degraded Caatinga) and 6 (ciliary environments and floodable sites), the similarity ranged from 34% to 65%, being 
greater to Environment 6. Between Environments 5 and 6 the percentage of  common species was 47%. However, 
for Environment 4 (Caatinga preserved sites), similarity results were lower than 16% for all crosses (Figure 2).
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Figure 2. Jaccard similarity dendrogram of  the studied environments. Being:  Environment 1 - ruderal 
environments (roads and trails); Environment 2 - ruderal environments (constructions); Environment 3 - ruderal 
environments (agricultural sites); Environment 4 - preserved Caatinga sites; Environment 5 - degraded Caatinga 

sites; Environment 6 - Ciliary environments and floodplain sites.
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Environment 6 (ciliary environment and floodable sites) that presents a lower disorder degree when compared 
to ruderal environments, was close to these and distant from degraded Caatinga sites, suggesting that water presence 
makes the environment susceptible to invasion as well as a ruderal environment. In the NMDS analysis it is possible 
to graphically observe a more consistent clusters formation between ruderal environments (Environments 1, 2 and 
3) and Environment 6 (ciliary environment and floodable sites) and the separation of  Environments 4 (conserved 
Caatinga sites) and 5 (degraded Caatinga sites) to this cluster and each other (Figure 3). 

Figure 3. Non-Metric Multidimensional Scheduling Analysis (NMDS) for the studied environments. Being:  
Environment 1 - ruderal environments (roads and trails); Environment 2 - ruderal environments (constructions); 

Environment 3 - ruderal environments (agricultural sites); Environment 4 - preserved Caatinga sites; 
Environment 5 - degraded Caatinga sites;  Environment 6 - Ciliary environments and floodplain sites.
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Although it is degraded, environment 5 (degraded natural Caatinga sites) differs from ruder environments 
and environment 6 (ciliary environment and floodable sites) demonstrating that the resistance offered by the 
environment may be present in early stages of  ecological succession.
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Conclusion

The results of  this study are concern due to the high quantity of  exotic invasive species catalogued and 
the recognized presence of  aggressive taxon. They also suggest that degraded environments facilitates biological 
invasions and that environments in early ecological succession stages are already resistant to biological contamination, 
at least for most species. For that matter, it is necessary to warn public about the exotic invasive species risk over 
invaded environments, in addition, a strict regulation to use these species for any purpose.
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