Network-based analysis reveals differences in plant assembly between the native and the invaded ranges.
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ABSTRACT
[bookmark: _Hlk78911845]Associated with the introduction of exotic species in a new area, interactions with other native species within the recipient community occur, reshaping the original community and resulting in a unique assemblage. Yet, the differences in community assemblage between native and invaded ranges remain unclear. Mediterranean grasslands provide an excellent scenario to study community assembly following transcontinental naturalisation of plant species. Here we compared the community resemblance of plant communities in Mediterranean grasslands from both the native (Spain) and invaded (Chile) ranges. We used a novel approach based on network analysis applied to co-occurrence analysis in plant communities, allowing us to study the coexistence of native and alien species in central Chile. This useful methodology is presented as a step forward in invasion ecology studies and conservation strategies. We found that community structure differed between the native and the invaded range, with naturalised species displaying more significant interactions and playing a key role within the invaded community. In addition, alien species displayed positive interactions among them within the communities in the invaded range. Alien species acting like keystones within the Chilean grassland communities might exacerbate the threat posed by biological invasions for the native biodiversity assets. We suggest controlling the spread of the alien species identified as keystones and developing early detection strategies in surrounding areas as management guidelines.
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[bookmark: _Toc62464217]Introduction
Associated with anthropogenic activities, human beings have drastically increased the flow of plant species among distant regions worldwide overcoming major biogeographical barriers and enhancing invasion events (Valladares et al. 2019). When species arrive in a new area, they undergo different adaptative processes related to the degree of disturbance, resource availability and species interactions (Silvertown 2004, Knapp and Kühn 2012). When these species, considered alien, get to self-maintain long-lasting populations without human intervention they are considered naturalised  (Richardson et al. 2000, Pyšek et al. 2004). There are several hypotheses proposed to explain this naturalisation process which can be summarised in three non-exclusive main groups: propagule pressure, abiotic filters and biotic interactions (Catford et al. 2009). The combination and characteristics of these three hypotheses drive the naturalisation process to occur (Hastings 1996, Wilson et al. 2007). Understanding how naturalisation affects plant diversity in the invaded community has been a major issue for ecologists (Sutherland et al. 2013), as it entails changes in its assembly and dynamics (Heger and Trepl 2003, Cramer et al. 2008).

[bookmark: _Hlk77324557]Community assembly is a deterministic phenomenon in which a regional pool of species interacts to form local communities that are ultimately influenced by stochastic events, migration, dispersal, abiotic factors, biotic interactions and evolutionary and biogeographic processes (Ricklefs 1987, HilleRisLambers et al. 2012). Along the assembly process, the species either segregate because of competitive processes, aggregate due to facilitation and tolerance, or are randomly distributed (Ricklefs 1987, Götzenberger et al. 2012), therefore displaying a particular spatial structure within the community (Ulrich 2004). For alien plant species, comparing assembly patterns between the native and the invaded ranges, can provide valuable information not only about the ecological factors underlying the community assembly (Hortal et al. 2012) but also about unravelling what determines invasion success (Figueroa et al. 2004). Plenty of literature compares abundance between native and invaded ranges, and most of them agree that when both ranges share a vast number of species and environmental conditions, the abundance of alien species is expected to be similar in both, perchance being an indicator of invasion success (Firn et al. 2011, Parker et al. 2013, Colautti et al. 2014, Pearson et al. 2018). Furthermore, some studies have already compared the community composition between Mediterranean grasslands in the native and invaded ranges (for example, Leiva et al. 1997; Martín-Forés et al. 2014) but there are very few that compare their assembly (de Miguel et al. 2016, Galán Diaz et al. 2020). 

Network analysis is a novel approach that has become a potent tool to study microbiology communities (Barberán et al. 2012, Chun et al. 2020) and food webs (Bauer et al. 2010). Network analysis can also be applied to study community assemblage (Girvan and Newman 2002, Proulx et al. 2005, Fortunato 2010, Calatayud et al. 2020); however, as far as we are aware, it has yet been unused to compare co-occurrence patterns in plant communities. Network analysis applied to patterns of flora co-occurrence can unravel new insights into interaction networks. This will complement the information on naturalisation processes provided by more traditional analytical methods as richness and diversity indexes (Steele et al. 2011, Williams et al. 2014, Ma et al. 2016). In addition, network analysis applied to invaded communities elucidates the role of successful invaders by identifying species acting as keystone in the community structure and assemblage (i.e. those species that fulfil a key role within a community or those involved in a significant number of interactions; Estrada 2007; Martín González et al. 2010; Bauer et al. 2010; Eiler et al. 2012).

The dynamics and stability of complex networks are directly related to their structure, where not all the nodes, in this case corresponding to species, assume the same relevance. When nodes with high importance are subsequently removed, the network structure collapses faster than when random nodes are removed (Albert et al. 2000, Memmott et al. 2004). The importance of a node can be quantified by centrality measures, like betweenness centrality, which provides information on how the node connects different parts of the network (Freeman 1978, Newman 2003). Thus, the betweenness centrality score applied to plant communities helps identify the contribution of each species to the cohesiveness of the network (Newman 2003). 

[bookmark: _Hlk74132345]The Mediterranean-climate regions constitute an excellent scenario to assess plant transcontinental naturalisations questions, as they share similar climatic conditions but maintain considerable geographic distance among them (Guerin et al. 2014, 2018, Martín-Forés 2017, Casado et al. 2018). Concretely, the grasslands of the Mediterranean Basin and the Chilean Mediterranean region are ideal candidates to explore how species assemble once they become naturalised. Both ranges have shared an historical-cultural legacy since the Spanish arrival in the XVI century that introduced several alien species from Spain to Chile (Groves and Di Castri 1991, Martín-Forés et al. 2012, 2016, Casado et al. 2015)  in a sequential and relatively independent process (Martín-Forés et al. 2012, Martín-Forés 2017). 

Spatial patterns as a result of the coexistence between native and alien species in central Chile have recently been studied through null models by de Miguel et al. (2016). In this study, the authors conclude Chilean grasslands maintain a similar segregated spatial pattern to the Spanish ones. It seems that in spite of the relatively recent introduction of alien species in Chile, native and alien species have assembled, establishing associations different from random among them. Surprisingly, a longer coexistence time between species in Spanish communities was not reflected in a different spatial pattern than in Chile. However, there is a knowledge gap regarding the differences in the internal structure (e.g., nodes, betweenness centrality score, among other parameters) of plant communities between Spain and Chile. 

In this work, we carry out network-based analysis to compare assembly patterns and species co-occurrence between plant communities in the native and invaded ranges. We hypothesized that the pool of species that coexist in the native range, once they have naturalised, will get organized similarly within the invaded community. Therefore, here we i) assess the similarity between the Chilean and Spanish communities by comparing their floristic composition and abundance, as well as how naturalised species associate with each other and with native species, and ii) elucidate how the naturalised species pool has integrated and assembled with the native flora in the invaded range by applying network analysis.

[bookmark: _Toc62464218]Methodology

[bookmark: _Toc62464219]Study area

The study area is located in the centre-west of Spain (40º13’ N to 37º51’ N and from 4º23’ W to 7º02’ W) and central Chile (32º35’ S to 37º00’ S and from 70º46’ to 72º35’ W) (Fig. 1). Both countries share similar land management and physiognomy based on grasslands. In Spain, this is a historical anthropogenic landscape that transformed woodlands into pseudo savannah (Le Houerou 1981, López Sáez et al. 2007) where holm oaks (Quercus ilex subsp. ballota) and cork oaks (Quercus suber) are accompanied by herbaceous species, usually winter annuals (Joffre et al. 1999, Marañón et al. 2009). Meanwhile, in Chile the anthropogenic landscape is relatively young, associated with the Spanish arrival in the 16th century (Aronson et al. 1998, Figueroa and Jaksic 2004). As a consequence, the pre-colonization scrub and forest vegetation (Di Castri et al. 1981) was transformed into a landscape of scattered Acacia caven mixed with alien and native annual species (Aronson et al. 1998, del Pozo et al. 2006).

[image: ]
Figure 1. Map of the study areas Chile and Spain, sampling sites as points.

The agrarian practices introduced in Central Chile involved a significant flow of organisms between Spain and Chile with the implementation of agriculture and grazing practices. This flow has persisted over time, possibly taking place unintentionally associated with human transport (Groves and Di Castri 1991, Ovalle et al. 2015, Martín-Forés 2017, Casado et al. 2018). Due to the history of land use and disturbance of Chile's grasslands, almost half of its vegetation is composed of alien species, with Eurasia and the Mediterranean basin being the main donors (Casado et al. 2018). The most representative families in the Chilean grasslands (Poaceae, Asteraceae and Fabaceae) are also the most dominant in the Spanish grasslands. Not only qualitatively, but also quantitatively those systems have similarities: among the ten most abundant species in Chilean grasslands, 90% are native Spanish herbaceous species that got naturalised in Chile; similarly, among the ten most abundant species of Spanish grasslands, 90% are common with Chile and therefore successful colonizers in Chile (Martín-Forés et al. 2012). 

Regarding abiotic conditions, both areas have mean annual temperatures ranging from 14.5ºC to 16.9ºC in Chile, and from 13.1 to 17.0ºC. in Spain. The total annual precipitation of the sites, ranges from 468 to 1030 mm in Spain, and from 303 to 1168 mm in Chile. The summer drought period characteristic of Mediterranean-climate is stronger in Chile than in Spain. Both systems have slightly acid soils from igneous or metamorphic rocks (Martín-Forés et al. 2015, de Miguel et al. 2016).

[bookmark: _Toc62464220]Data origin

The data utilized in this paper have been obtained in the previous study by Martín-Forés et al. (2015). In that study, vegetation surveys were carried out in both Mediterranean-climate regions above described (see study area). In both countries, 15 sites were selected to cover the range of climatic conditions found in Mediterranean-type regions (Fig. 1). In each site, vegetation surveys were carried out in twelve 50 x 50 cm quadrats that were randomly distributed in open areas to avoid trees influence (Marañón et al. 2009, De Miguel et al. 2013). Therefore, 180 quadrats were surveyed for each country in 2011. In the analysis only herbaceous species were considered, as naturalisation success depends on plant life form (Tecco et al. 2010) and around 90% of alien species are herbaceous (Fuentes et al. 2013).
A total of 262 species were identified between both countries (202 species in Spain and 166 in Chile) and classified into four groups, i) naturalised species, those native to Spain that have been naturalised in Chile (111 species); ii) Spain exclusive species, which includes native and alien non-Chilean species, which only occur in Spain (91 species); iii) Chilean native species, which are native to Chile and do not occur in Spain (55 species); iv) other species, those unincluded species in the previous groups, which are Chilean native species native that occur in Spain and native species to both countries (5 species). We did not include the group other species in the analysis, as the aim here was to compare naturalised species in both ranges. Hence, in this study we have worked with three sets of species: naturalised species, Spanish exclusive species and Chilean native species.

[bookmark: _Toc62464221]Data analysis

The data obtained during the surveys were organized in two datasets, i) a presence-absence dataset that contained this information for every species in each of the 30 sites (15 sites per country), and ii) a dataset that included abundance information from 0 to 12 quadrants of each specie for all of the 30 sites.

To analyse the community resemblance between Spain (native range) and Chile (invaded range) we made a Non-metric Multidimensional Scaling (nMDS) based on Bray-Curtis dissimilarity matrix with the abundance data of all species, and only with naturalised species. To compare the species co-occurrence patterns between the native and invaded ranges, we followed the probabilistic model developed by Veech (2013). This model analyses the probability that two species co-occur at a lower or greater frequency than the one observed without relying on randomizations. When two species co-occur at a greater frequency than that expected at random, they are considered to have a positive association. On the contrary, if this frequency is less than expected by random, they are considered to have a negative association. We analysed the presence-absence data of species for each country. In both ranges we analysed two subsets of species: i) all species (i.e., naturalised plus exclusive in Spain, and naturalised plus native in Chile) and ii) naturalised species on their own. Notice that in both ranges the data set of naturalised species is the same but with different species abundances.

For the network analysis, we constructed four networks with the co-occurrence analysis results with all the species: one for each range and, within each range one for each type of association (positive or negative). In network analysis terms, the species are considered nodes and the associations are considered edges. For each network, different parameters were calculated: density, assortativity coefficient, and assortativity degree. Density represents the ratio between the number of connexions existing in the network and the number of possible connexions; it ranges from 0 to 1 and gives information on how interconnected the network is (in ecological theory it is also known as connectivity). The assortativity coefficient measures the selective linking between nodes and ranges from -1 to +1. Positive assortativity values indicate that nodes of a certain species group connect to other nodes of the same species’ group (i.e., naturalised species, native species or exclusive species), while negative values indicate that nodes tend to connect with nodes of a different species group. The assortative degree measures whether nodes with a high degree (i.e., level of connection to other nodes) connect to other nodes with a high degree, ranges from -1 to +1. Positive assortativity degree indicates well-connected nodes tend to connect with other well-connected nodes, whereas negative values indicate that well-connected nodes tend to connect to poorly connected nodes, giving information about the robustness of the network. Additionally, we calculated the betweenness score for each species in the network, which is defined by the number of paths through a node and gives information about the importance of the species in the assembly. In this sense, nodes with high values of betweenness connect areas of the network that otherwise would be unconnected, possibly acting as keystones (for more information see Newman 2003; Fortunato 2010; Noldus and Mieghem 2014). In this work, a betweenness score above 0.1 was arbitrarily considered as the cut-off point to compare ranges.

We carried out all analysis with R software 3.6 version (R Core Team 2015) using the vegan package (Oksanen et al. 2020) for the nMDS, the cooccur package (Griffith et al. 2016) for the co-occurrence analysis and the igraph package (Csardi and Nepusz 2006) for the network analysis and visualization.

[bookmark: _Toc62464222]Results
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Figure 2. NMDS results for the sampling sites. Community resemblance between Spain (native range) and Chile (invaded range) was studied through non-metric Multidimensional Scaling (nMDS) based on Bray-Curtis dissimilarity matrix with the abundance data. The graphic representation for the 30 sites surveyed considers (a) all the species and (b) the pool of naturalised species. Sites in the native range are represented with blue dots, while sites in the invaded range are in orange. A polygon has been outlined connecting the sites of each country to improve the visualization.

The nMDS analysis used to compare the resemblance between communities of each range showed a great differentiation between the native and the invaded ranges when taking into account all species (Fig.2a) and naturalised species (Fig. 2b). The 15 sites within each range appeared grouped together without overlapping between ranges in both nMDS. Both ranges had a major dispersion, caused by the community differences among the surveyed sites. The floristic composition differed slightly more among the sites in the invaded range (i.e., appeared more dispersed in the nMDS) than among those in the native one.

Regarding the co-occurrence results (Table 1), when all species were considered, in both ranges, the percentage of random associations is above 95%. If only naturalised species were considered, in the native and invaded range, the percentage of negative associations is 98.2 and 93.24 respectively. Meanwhile, the percentage of non-random associations within all species in the invaded range represents twice the value for that in the native range. If only naturalised species were analysed, this invaded value rises to 3.75 times the native value. When contrasting the type of associations, both ranges had more positive associations than negative: 54% of the non-random associations were positive in the native range, while in the invaded range it is 53%. When only the naturalised species were compared, in the native range 57% were positive associations compared to the 64% of the invaded range.
Table 1. Co-occurrence results for each range. Co-occurrence results of non-random associations for all species in Spain (native range), all species in Chile (invaded range), naturalised species in Spain and naturalised species in Chile. 
	
	
	Non-random associations

	Country
	Species group
	%
	positive
	negative

	Spain
	All
	2.29
	102 (54%)
	85 (46%)

	Chile
	All
	4.84
	90 (53%)
	80 (47%)

	Spain
	Naturalised
	1.80
	31 (57%)
	23 (43%)

	Chile
	Naturalised
	6.76
	57 (64%)
	32 (36%)




After the co-occurrence analysis, we applied the network analysis to those results to analyse the four networks (i.e., Spanish positive and negative associations networks and Chilean positive and negative associations networks). The resultant co-occurrence network plots for positive interactions (Fig. 3) showed that in the native range there is a big network formed by 62 species (a), a smaller network consisting of four species (b) and 3 isolated pairs (Fig. 3A). Meanwhile, in the invaded range we observed a large network of 35 species (c), a medium-sized network of 12 species (d) and 3 isolated pairs (Fig. 3B). In both ranges the larger networks seemed to be connected by naturalised species: Moenchia erecta (L.) P.Gaertn., B.Mey. & Scherb. in the native range (species 117 in Fig. 3A), and Briza maxima L. and Tolpis barbata (L.) Gaertn. in the invaded range (species 10 and 146, respectively in Fig. 3B).

Focusing on the type of species involved in each network, in the native range both exclusive and naturalised species were homogeneously intermingled in the large network. Whereas only naturalised species aggregated in the small network and in pairs. Both native and naturalised species were present in the invaded area within the large network. On the other hand, Chilean native species remained mostly in the outer zone of the network, except for Carex bracteosa Schwein., Cicendia quadrangularis (Lam.) Griseb., Juncus pallescens Wahlenb. and Plantago firma Kunze ex Walp. (species 24, 32, 70 and 116, respectively in Fig. 3B). In the same way, the medium-sized network was formed almost completely by naturalised species; only the Chilean native species Cladanthus mixtus (L.) Oberpr. & Vogt. (species 31 in Fig. 3B) was connected by one association. Regarding the three independent pairs, two of them were formed only by Chilean native species and one by one native and one naturalised species. 
[image: ]
[image: ]Figure 3. Visualisation of the co-occurrence network for both ranges. Green lines connect pairs of species that have a positive association. The numbers are the species ID and each of the three species types have a separate enumeration for each country (see Supplementary file 1). To improve visualisation, only species involved in non-random positive associations are represented. A Positive association network of all species in the native range (Spain), where two networks have been identified, one large (a) and one small (b). B Positive association network of all species in the invaded range (Chile), where two networks have been identified, one large (c) and one medium (d).
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[image: ]Figure 4. Visualisation of the co-occurrence network for both ranges.. Red lines connect pairs of species that have a negative association. The numbers are the species ID and each of the three types of species have a separate enumeration for each country (see Supplementary file 1). To improve visualisation, only species involved in non-random negative associations are represented. A Negative association network of all species in the native range (Spain), where three networks have been identified, one large (a) and two smaller ones (b, c). B Negative association network of all species of the invaded range (Chile), where two networks have been identified, a large one (d) and a smaller one (e).
The co-occurrences network plots for negative associations (Fig. 4) revealed that in the native range there is a big network formed by 53 species (a), two smaller networks formed by 4 (b) and 5 (c) species, two trios and five isolated pairs (Fig. 4A). Meantime, in the invaded range (Fig. 4B) we observed a large network of 41 species (d), a smaller network of 5 species (e), one trio and two isolated pairs. Contrary to the network visualisation for positive associations, it was challenging to distinguish the species acting as main connectors in the bigger negative networks. Focusing on the groups of species implied in each network, in both ranges, native and invaded, both naturalised and exclusive or Chilean native species intermingled evenly in the bigger networks.

Focusing on the positive associations from the network analysis, the invaded range had superior values in the three calculated parameters (density, assortativity coefficient and assortativity degree), being outstanding the assortativity coefficient values (3.5 times higher in the invaded range). Regarding the negative associations from the network analysis, the invaded range had a density value double than that for the native range; however, the assortativity degree was 5.5 times lower. The assortativity coefficient of the invaded range stood out as the only negative value within the networks, indicating that nodes tend to connect with nodes of different type (Table 2). This means that the naturalised species tend to form negative associations with native species, and viceversa.
Table 2. Network analysis results for each range and type of association (positive and negative). 

	Association sign
	Range
	Density
	Assortativity coefficient
	Assortativity degree

	Positive
	Native (Spain)
	0.04
	0.06
	0.06

	Positive
	Invaded (Chile)
	0.07
	0.21
	0.10

	Negative
	Native (Spain)
	0.03
	0.01
	0.11

	Negative
	Invaded (Chile)
	0.06
	-0.10
	0.02


 
To obtain information on the importance of species in the assembly, the betweenness score was calculated. When observing the positive association network, in the native range there are several species with betweenness values higher than 0.1, five of them are naturalised species and six are exclusive to Spain. In the invaded range there are only three species, all of them naturalised. When looking at the negative association network, only three species are above 0.1 in both ranges. In the native range these species are all exclusive to Spain, while in the invaded range there are, once again, naturalised species.

Table 3. Species with a betweenness score greater than 0.10 for each of the four networks. Note that the 0.1 score is an arbitrary cut-off point. 

	Positive association network in the native range (Spain)

	ID
	Species
	Type
	Betweenness score

	149
	Romulea bulbocodium
	Spain exclusive
	0.3347

	117
	Moenchia erecta
	Naturalised 
	0.3330

	127
	Parentucellia latifolia
	Naturalised
	0.3315

	190
	Trifolium tomentosum
	Naturalised
	0.2633

	35
	Carlina racemosa
	Spain exclusive
	0.2513

	124
	Ornithopus perpusillus
	Spain exclusive
	0.2381

	16
	Aphanes microcarpa
	Spain exclusive
	0.1738

	3
	Agrostis castellana
	Naturalised
	0.1618

	93
	Jasione montana
	Spain exclusive
	0.1445

	67
	Euphorbia exigua
	Spain exclusive
	0.1410

	125
	Ornithopus pinnatus
	Naturalised
	0.1081

	Positive association network in the invaded range (Chile)

	ID
	Species
	Type
	Betweenness score

	108
	Petrorhagia prolifera
	Naturalised
	0.19509445

	10
	Briza maxima
	Naturalised
	0.15686275

	146
	Tolpis barbata
	Naturalised
	0.14366516

	Negative association network in the native range (Spain)

	ID
	Species
	Type
	Betweenness score

	93
	Jasione montana
	Spain exclusive
	0.19042446

	16
	Aphanes microcarpa
	Spain exclusive
	0.14665801

	35
	Carlina racemosa
	Spain exclusive
	0.11701354

	Negative association network in the invaded range (Chile)

	ID
	Species
	Type
	Betweenness score

	55
	Galium murale
	Naturalised
	0.24052984

	4
	Anagallis arvensis
	Naturalised
	0.21703411

	48
	Erodium botrys
	Naturalised
	0.11903431


[bookmark: _Toc62464223]Discussion
Community assembly of Mediterranean herbaceous species differs between Spain and Chile with little resemblance among communities in the native and invaded ranges. Regarding community structure in the invaded range most of the species that establish non-random associations correspond to naturalised species, which surprisingly act as keystones within the community. In the invaded range, the assembled community has higher network connectivity. Moreover, naturalised species in the invaded area tend to assemble more among them displacing native species to the edges of the network.

Although there were more naturalised than native species in the invaded study area (Martín-Forés et al. 2012), both ranges showed a contrasting resemblance, differing in their community structure when the abundance of all species was taken into account (Fig. 2a). This pattern persisted when comparing naturalised species common to both countries, suggesting that naturalised species are particularly significant in shaping communities in the invaded range (Fig. 2b). After the introduction related to the Spanish colonisation in the 16th century (Martín-Forés et al. 2015), climate, among other abiotic conditions, strongly influenced the establishment of alien species in the invaded range, as it also does on the community assembly in the native range (Figueroa et al. 2004, de Miguel et al. 2016, Rota et al. 2017). Despite the climatic similarity, the higher water deficit in the invaded area (up to 8 months in the Mediterranean region of Central Chile versus 4 months in Spain; Martín-Forés et al. (2015)) and the local differences in livestock management between both ranges (del Pozo et al. 2006, Casado et al. 2015), may be influencing the heterogeneity found within the two countries. Differences between Chilean communities at the regional scale may be due to the regional precipitation gradient that conditions water availability (Martín-Forés et al. 2015) (Fig. 2). 

Our results showed that the associations of the naturalised species differed within the plant communities in both native and the invaded ranges. This suggests that the associations of alien species in the invaded area is an inherent property of being away from their native range, rather than a property of the species itself (Stotz et al. 2020). In both ranges, less than half of the total number of species are involved in non-random associations. The non‐random pattern of species assemblage displayed by the communities in both ranges (i.e. the higher or lower ratio of co-occurrence than that expected from random; Griffith et al. 2016), suggested that these communities are structured by deterministic processes instead of stochastic ones (Krasnov et al. 2010). It seems that the coexistence of species for longer periods of time tended to randomise the associations, as in Spain, the percentage of non-random association was smaller than in Chile. This is in slight contrast to the results obtained by de Miguel et al. (2016), in which they detected that in Chile the spatial segregation of species was similar to Spain. This demonstrates that a longer coexistence time does not determine a greater spatial segregation of species. Conventional knowledge indicates that species interactions, especially competition, are the main force shaping community structure, but habitat heterogeneity is also a source of non-random spatial distributions of species (Ulrich 2004, Kraft et al. 2015). Even though both areas harbour similar climatic conditions, other regional factors, such as water availability (Acosta et al. 2008), soil fertility (Holmgren et al. 2000, Price et al. 2014) and fire regimen (Brotons et al. 2013) under the combined effect of grazing, could affect this association processes revealing a divergence in the communities (Martín-Forés et al. 2012, Peco et al. 2017). 

The network analysis applied to the co-occurrence patterns resulted in a visual output that revealed meaningful structural information (Newman 2003, Fortunato 2010). At the community level, communities in both the native and invaded ranges have very poorly connected co-occurrence networks, both positively and negatively, as evidenced by the near-zero density (Newman 2003). This supports the idea that in both ranges grassland communities are primarily driven by abiotic factors rather than by biotic relationships between species, whether native or exotic (Casado et al. 2015, Martín-Forés et al. 2015). The assortativity degree results manifested similar tendencies in both countries, where species slightly tend to connect to other well-connected species (Fig. 3). This is coherent with the typical properties of biological networks, where it is common to find large clusters of nodes with a high level of internal connections but weakly connected to other clusters, known as the modularity of a network (Sah et al. 2014). This modularity in biological networks is known to promote cohesion and contain disturbances, as species in one module are more tightly linked to each other than to species in other modules (Olesen et al. 2007, Stouffer and Bascompte 2011). This structure perhaps is an additional strategy of the Mediterranean grasslands that allows them to be particularly resilient systems despite the constant disturbances that characterise the Mediterranean region, such as fire, thermal oscillation, irregular rainfall distributions between years and the summer drought (Henkin et al. 2010, Acosta and Pineda 2012).

Observing the network structure, in the native range, naturalised species integrate with the rest of the species in a large network, as the “naturalised” aggrupation in the native range is an artificial group that allows the comparison with the invaded range (see figure 3A). In the invaded range, some naturalised species appear to be connected to each other, and native species only participate partially in these networks, without constructing independent networks of their own. The fact that the percentage of associations between naturalised species was almost four times higher in the invaded range than in native range (Table 1) indicates that in the invaded area (Chile) the naturalised species tend to be more connected. This result could be due to shared habitat preferences among naturalised species, as found out by the study conducted in grasslands by Stotz et al. (2020). Furthermore, in the invaded range, among naturalised species, positive associations were higher and negative associations lower than in the area of origin, similar to the findings of Braga et al. (2018) in a large-scale study. This suggests that facilitation mechanisms are occurring between alien species in the invaded range, which could, in turn, lead to an “invasional meltdown”, where a successful invader may trigger subsequent invasions, increasing their chance of survival and ecological impact (Simberloff and Von Holle 1999; but see Divíšek et al. 2018). 

Preferences for associations that occur between species also vary between ranges and the results of the invaded area are striking. Only a group of species from the area of origin (Spain) has been able to remain in the invaded area (Chile) and naturalise (Martín-Forés et al. 2012), probably due to having similar naturalisation mechanisms. Once established, the naturalised species tend to positively associate among them and negatively with the native species, with the exemption of few native species that positively associate with the naturalised ones (Fig. 3b, 4b and Table 2). This could be due to facilitation mechanisms between alien species (Braga et al. 2018); similarly, plants tolerance to grazing pressure could be influencing their configuration (del Pozo et al. 2006). 

The results of the network analysis are striking because when the literature from other Mediterranean areas with the same source-invader relationship has compared the assemblage in terms of abundance, naturalised species assemble similarly in their source and recipient communities (Firn et al. 2011, Parker et al. 2013, Colautti et al. 2014, Pearson et al. 2018). In contrast, by applying this methodological approach we can observe that naturalised species assemble very differently in the invaded area. It seems that the set of species that arrive in the invaded area of distribution reorganise themselves differently from the original community of which they formed part in the native area (Spain), coexisting with native species with which they show less affinity.

Concerning the species acting as keystones, naturalised species in the invaded range have an important role in the community structure. We expected Chilean native species would play a key role in Chilean communities, but our results suggest the opposite. In the invaded range, naturalised species showed the highest betweenness score, acting as a cornerstone for both positive and negative associations. In Chilean agroecosystems, eradication of alien species has not been a main management strategy (Root-Bernstein and Jaksic 2013), which could be the explanation of alien species developing key roles within the community. The implications for management strategies and conservation practices are therefore delicate. On the one hand, after a disturbance, alien species could preserve the rest of the community well connected (but see Carmona et al. 2017), enhancing the resilience and functional persistence of ecosystems by strengthening the network interacting with native species (Aslan 2019). On the other hand, if left unmanaged, those alien species could displace the Chilean native flora. In addition, since the introduction and naturalization of these key alien species are associated with grazing (Arroyo et al. 2000, Figueroa et al. 2004, Martín-Forés et al. 2012), and that the long-term stability of these grasslands depends on certain intensity and periodicity of human activities (del Pozo et al. 2006), any land-use changes could trigger their spread or regression. Further studies on elucidating this trend would be desirable. 
Meanwhile, the naturalised species that play an important role in the invaded range do not do so in the native range. In the native range, a greater number of species were actively involved in shaping the network (i.e. displayed high betweenness), providing greater stability against disturbances, probably because these Spanish agro-ecosystems have been maintained over millennia (Acosta and Pineda 2012, Landi et al. 2018). 

Although it is questionable whether theoretical models can accurately predict assembly patterns and how environmental factors and land uses might alter the effects of species interactions on species co-occurrence (Ulrich et al. 2017), unseen patterns have emerged. The next step may be to explore the networks in detail to understand spatio-temporal dynamics on a regional or patch scale and identify patterns that may depend on the scale of analysis (Smith et al. 2013, Escobedo et al. 2021). Functional traits are known to play a key role in community assembly and invasiveness (Tecco et al. 2010, de Bello et al. 2012, HilleRisLambers et al. 2012, Thuiller et al. 2012, Colautti et al. 2014, Galán Díaz et al. 2021) and positive associations between rare species persist across taxon assemblages (Calatayud et al. 2020). It should also be noted that our results may be conditioned by the short time period included in the analysis (one year) as the Mediterranean climate region suffers from a large inter-annual variation in plant community composition. This variation is due to the irregularity of the rainfall regime that encourage alternatively the abundance of more or less drought-tolerant species (Acosta et al. 2008, Peco et al. 2009, Rota et al. 2017). 

Our novel methodology proposed in this paper improves our understanding of how the naturalisation process affects community assembly. It demonstrates that network analysis applied to ecological communities is an excellent tool to unravel assembly patterns, which would enable the prediction of changes in ecosystem structure and functioning under different changing scenarios. This identification of negative and positive associations, as well as keystone species, is presented as a step forward in invasion ecology studies and as a potential tool to guide the design of restoration and conservation strategies in these socioecological systems supporting previous efforts in this direction (Root-Bernstein and Jaksic 2013). This is particularly relevant in the context of biological invasions and, especially in areas where multiple environmental and social factors operate and intermingle, such as in the Mediterranean basin (Doblas-Miranda et al. 2017). These grazing systems are essential as sustainable and biodiversity-friendly food production systems of the future, among other ecosystem services such as hydrological regulation and carbon sequestration (Acosta and Pineda 2012, Root-Bernstein et al. 2017), being absolutely critical in the actual context of global change (Van Kleunen et al. 2015, Cramer et al. 2018, IPCC 2018, Lionello and Scarascia 2018). 

Conclusion
With this work we have proved the utility of combining network analysis to co-occurrence analysis, as it has permitted the process of exploring complex sets of data and results in a very interesting way. Our results showed that the community assembly pattern differs between the native and the invaded ranges. Alien species that got naturalised in the invaded area reassembled differently, tending to co-occur more among them and to avoid interaction with native species. Moreover, alien species acted like keystones in the communities of the invaded range. The key role displayed by alien species in Chilean communities could cause an invasional meltdown and threat the native biodiversity. Conservation and managing strategies should focus on monitoring and controlling their potential spread, and developing early detection strategies especially for the alien species identified as keystones.
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Species ID for each country and type of species. Note that each specie has a different ID in each range.

SPAIN 
	ID
	SPECIES
	TYPE

	1
	Aegilops geniculata
	spain_exclusive

	2
	Aegilops triuncialis
	spain_exclusive

	3
	Agrostis castellana
	naturalised

	4
	Agrostis pourretii
	spain_exclusive

	5
	Aira caryophyllea
	naturalised

	6
	Aira praecox
	naturalised

	7
	Airopsis tenella
	spain_exclusive

	8
	Allium paniculatum
	spain_exclusive

	9
	Alyssum granatense
	spain_exclusive

	10
	Anagallis arvensis
	naturalised

	11
	Anarrhinum bellidifolium
	spain_exclusive

	12
	Andryala integrifolia
	spain_exclusive

	13
	Anthemis arvensis
	naturalised

	14
	Anthoxanthum aristatum
	spain_exclusive

	15
	Aphanes arvensis
	naturalised

	16
	Aphanes microcarpa
	spain_exclusive

	17
	Arenaria serpyllifolia subsp. leptoclados 
	spain_exclusive

	18
	Lysimachia linum-stellatum
	spain_exclusive

	19
	Astragalus pelecinus
	spain_exclusive

	20
	Avena barbata
	naturalised

	21
	Bartsia trixago
	naturalised

	22
	Brachypodium distachyon
	naturalised

	23
	Brassica barrelieri
	spain_exclusive

	24
	Briza maxima
	naturalised

	25
	Briza minor
	naturalised

	26
	Bromus hordeaceus
	naturalised

	27
	Bromus madritensis
	naturalised

	28
	Bromus scoparius
	naturalised

	29
	Bromus sterilis
	naturalised

	30
	Bromus tectorum
	naturalised

	31
	Calendula arvensis
	naturalised

	32
	Capsella bursa-pastoris
	naturalised

	33
	Carduus pycnocephalus
	naturalised

	34
	Carlina corymbosa
	spain_exclusive

	35
	Carlina racemosa
	spain_exclusive

	36
	Carthamus lanatus
	naturalised

	37
	Centaurea paniculata
	spain_exclusive

	38
	Centaurium erythraea
	naturalised

	39
	Centaurium maritimum
	spain_exclusive

	40
	Cerastium brachypetalum
	spain_exclusive

	41
	Cerastium fontanum subsp. vulgare
	naturalised

	42
	Chaetonychia cymosa
	spain_exclusive

	43
	Cladanthus mixtus
	naturalised

	44
	Chamaemelum nobile
	spain_exclusive

	45
	Coleostephus myconis
	naturalised

	46
	Convolvulus arvensis
	naturalised

	47
	Erigeron canadensis
	spain_exclusive

	48
	Coronilla repanda subsp. dura
	spain_exclusive

	49
	Corrigiola litoralis subsp. Telephiifolia
	spain_exclusive

	50
	Crassula tillaea
	spain_exclusive

	51
	Crepis capillaris
	naturalised

	52
	Crespis vesicaria subsp. Tarazacifolia
	naturalised

	53
	Cynodon dactylon
	naturalised

	54
	Cynosurus echinatus
	naturalised

	55
	Dactylis glomerata
	naturalised

	56
	Daucus carota
	naturalised

	57
	Digitalis thapsi
	spain_exclusive

	58
	Dipcadi serotinum
	spain_exclusive

	59
	Diplotaxis catholica
	spain_exclusive

	60
	Dorycnopsis gerardi
	spain_exclusive

	61
	Echium plantagineum
	naturalised

	62
	Erodium botrys
	naturalised

	63
	Erodium cicutarium
	naturalised

	64
	Erodium malacoides
	naturalised

	65
	Erodium moschatum
	naturalised

	66
	Eryngium campestre
	spain_exclusive

	67
	Euphorbia exigua
	spain_exclusive

	68
	Euphorbia helioscopia
	naturalised

	69
	Filago carpetana
	spain_exclusive

	70
	Festuca ampla
	spain_exclusive

	71
	Filago pyramidata
	spain_exclusive

	72
	Galium murale
	naturalised

	73
	Galium humifusum
	naturalised

	74
	Gastridium ventricosum
	naturalised

	75
	Gaudinia fragilis
	spain_exclusive

	76
	Geranium molle
	naturalised

	77
	Gladiolus illyricus
	spain_exclusive

	78
	Hedypnois cretica
	naturalised

	79
	Helianthemum aegyptiacum
	spain_exclusive

	80
	Heliotropium europaeum
	spain_exclusive

	81
	Herniaria hirsuta
	spain_exclusive

	82
	Holcus mollis
	spain_exclusive

	83
	Holcus annuus
	spain_exclusive

	84
	Hordeum marinum
	naturalised

	85
	Hordeum marinum subsp. Gassoneanum
	spain_exclusive

	86
	Hordeum murinum
	naturalised

	87
	Anthyllis lotoides
	spain_exclusive

	88
	Hypericum humifusum
	spain_exclusive

	89
	Hypericum perforatum
	naturalised

	90
	Hypochaeris glabra
	naturalised

	91
	Hypochoeris radicata
	naturalised

	92
	Illecebrum verticillatum
	spain_exclusive

	93
	Jasione montana
	spain_exclusive

	94
	Juncus bufonius
	naturalised

	95
	Juncus capitatus
	naturalised

	96
	Lactuca serriola
	naturalised

	97
	Lamarckia aurea
	naturalised

	98
	Leontodon saxatilis subsp. rothii.
	naturalised

	99
	Linaria spartea
	spain_exclusive

	100
	Linum bienne
	naturalised

	101
	Linum trigynum
	spain_exclusive

	102
	Linum usitatissimum
	naturalised

	103
	Filago gallica
	naturalised

	104
	Logfia minima
	naturalised

	105
	Lolium multiflorum
	naturalised

	106
	Lolium rigidum
	naturalised

	107
	Lotus conimbricensis
	spain_exclusive

	108
	Lotus corniculatus
	naturalised

	109
	Lotus hispidus
	spain_exclusive

	110
	Lotus parviflorus
	spain_exclusive

	111
	Malva parviflora
	naturalised

	112
	Medicago minima
	naturalised

	113
	Medicago polymorpha
	naturalised

	114
	Mentha pulegium
	naturalised

	115
	Colchicum montanum
	spain_exclusive

	116
	Micropyrum tenellum
	spain_exclusive

	117
	Moenchia erecta
	naturalised

	118
	Periballia laevis
	spain_exclusive

	119
	Periballia minuta
	spain_exclusive

	120
	Myosotis discolor
	naturalised

	121
	Ononis spinosa
	spain_exclusive

	122
	Ononis viscosa
	spain_exclusive

	123
	Ornithopus compressus
	naturalised

	124
	Ornithopus perpusillus
	spain_exclusive

	125
	Ornithopus pinnatus
	naturalised

	126
	Orobanche minor
	naturalised

	127
	Parentucellia latifolia
	naturalised

	128
	Parentucellia viscosa
	naturalised

	129
	Paronychia argentea
	spain_exclusive

	130
	Petrorhagia prolifera
	naturalised

	131
	Phalaris aquatica
	naturalised

	132
	Phalaris minor
	naturalised

	133
	Plantago bellardii
	spain_exclusive

	134
	Plantago coronopus
	naturalised

	135
	Plantago lagopus
	spain_exclusive

	136
	Plantago lanceolata
	naturalised

	137
	Plantago loeflingii
	spain_exclusive

	138
	Plantago serraria
	spain_exclusive

	139
	Poa annua
	naturalised

	140
	Poa bulbosa
	naturalised

	141
	Polycarpon tetraphyllum
	naturalised

	142
	Psilurus incurvus
	spain_exclusive

	143
	Pulicaria paludosa
	spain_exclusive

	144
	Radiola linoides
	spain_exclusive

	145
	Ranunculus muricatus
	naturalised

	146
	Ranunculus paludosus
	spain_exclusive

	147
	Raphanus raphanistrum
	naturalised

	148
	Reichardia intermedia
	spain_exclusive

	149
	Romulea bulbocodium
	spain_exclusive

	150
	Rumex acetosella subsp. angiocarpus
	naturalised

	151
	Rumex bucephalophorus
	spain_exclusive

	152
	Sagina apetala
	naturalised

	153
	Sanguisorba minor
	naturalised

	154
	Scabiosa atropurpurea
	naturalised

	155
	Scleranthus annuus
	naturalised

	156
	Scolymus hispanicus
	naturalised

	157
	Scorpiurus muricatus
	spain_exclusive

	158
	Scorpiurus vermiculatus
	spain_exclusive

	159
	Senecio erucifolius
	spain_exclusive

	160
	Sesamoides interrupta
	spain_exclusive

	161
	Sherardia arvensis
	naturalised

	162
	Silene colorata
	spain_exclusive

	163
	Silene gallica
	naturalised

	164
	Sisymbrium officinale
	naturalised

	165
	Sisymbrium runcinatum
	naturalised

	166
	Spergula arvensis
	naturalised

	167
	Spergularia rubra
	naturalised

	168
	Stipa capensis
	spain_exclusive

	169
	Taeniatherum caput-medusae
	naturalised

	170
	Taraxacum campylodes
	naturalised

	171
	Teesdalia coronopifolia
	spain_exclusive

	172
	Tolpis barbata
	naturalised

	173
	Trifolium angustifolium
	naturalised

	174
	Trifolium arvense
	naturalised

	175
	Trifolium bocconei
	spain_exclusive

	176
	Trifolium campestre
	naturalised

	177
	Trifolium cernuum
	naturalised

	178
	Trifolium cherleri
	spain_exclusive

	179
	Trifolium dubium
	naturalised

	180
	Trifolium gemellum
	spain_exclusive

	181
	Trifolium glomeratum
	naturalised

	182
	Trifolium lappaceum
	spain_exclusive

	183
	Trifolium resupinatum
	spain_exclusive

	184
	Trifolium scabrum
	spain_exclusive

	185
	Trifolium stellatum
	spain_exclusive

	186
	Trifolium striatum
	naturalised

	187
	Trifolium strictum
	spain_exclusive

	188
	Trifolium subterraneum
	naturalised

	189
	Trifolium suffocatum
	naturalised

	190
	Trifolium tomentosum
	naturalised

	191
	Trisetum panicea
	spain_exclusive

	192
	Verbascum pulverulentum
	spain_exclusive

	193
	Veronica arvensis
	naturalised

	194
	Vicia sativa
	naturalised

	195
	Vulpia bromoides
	naturalised

	196
	Vulpia ciliata
	naturalised

	197
	Vulpia geniculata
	spain_exclusive

	198
	Vulpia muralis
	naturalised

	199
	Vulpia myuros
	naturalised

	200
	Vulpia unilateralis
	spain_exclusive

	201
	Xolantha guttata
	spain_exclusive

	202
	Xolantha macrosepala
	spain_exclusive



CHILE
	ID
	SPECIES
	TYPE

	1
	Agrostis castellana
	naturalised

	2
	Aira caryophyllea
	naturalised

	3
	Aira praecox
	naturalised

	4
	Anagallis arvensis
	naturalised

	5
	Anthemis arvensis
	naturalised

	6
	Aphanes arvensis
	naturalised

	7
	Avena barbata
	naturalised

	8
	Bartsia trixago
	naturalised

	9
	Brachypodium distachyon
	naturalised

	10
	Briza maxima
	naturalised

	11
	Briza minor
	naturalised

	12
	Bromus berteroanus
	chile_native

	13
	Bromus hordeaceus
	naturalised

	14
	Bromus madritensis
	naturalised

	15
	Bromus scoparius
	naturalised

	16
	Bromus sterilis
	naturalised

	17
	Bromus tectorum
	naturalised

	18
	Calandrinia compressa
	chile_native

	19
	Calendula arvensis
	naturalised

	20
	Oziroe biflora
	chile_native

	21
	Capsella bursa-pastoris
	naturalised

	22
	Cardionema ramosissimum
	chile_native

	23
	Carduus pycnocephalus
	naturalised

	24
	Carex bracteosa
	chile_native

	25
	Carthamus lanatus
	naturalised

	26
	Centaurium cachanlahuen
	chile_native

	27
	Centaurium erythraea
	naturalised

	28
	Cerastium fontanum subsp. vulgare
	naturalised

	29
	Chaetanthera ciliata
	chile_native

	30
	Chaetanthera moenchioides
	chile_native

	31
	Cladanthus mixtus
	naturalised

	32
	Cicendia quadrangularis
	chile_native

	33
	Clarkia tenella
	chile_native

	34
	Coleostephus myconis
	naturalised

	35
	Conanthera bifolia
	chile_native

	36
	Convolvulus arvensis
	naturalised

	37
	Crepis capillaris
	naturalised

	38
	Crespis vesicaria subsp. Tarazacifolia
	naturalised

	39
	Cynodon dactylon
	naturalised

	40
	Cynosurus echinatus
	naturalised

	41
	Dactylis glomerata
	naturalised

	42
	Danthonia californica
	chile_native

	43
	Daucus carota
	naturalised

	44
	Deschampsia berteroana
	chile_native

	45
	Dichondra sericea
	chile_native

	46
	Dioscorea humifusa
	chile_native

	47
	Echium plantagineum
	naturalised

	48
	Erodium botrys
	naturalised

	49
	Erodium cicutarium
	naturalised

	50
	Erodium malacoides
	naturalised

	51
	Erodium moschatum
	naturalised

	52
	Eryngium rostratum
	chile_native

	53
	Euphorbia helioscopia
	naturalised

	54
	Euphorbia portulacoides
	chile_native

	55
	Galium murale
	naturalised

	56
	Galium humifusum
	naturalised

	57
	Gastridium ventricosum
	naturalised

	58
	Geranium core-core
	chile_native

	59
	Geranium molle
	naturalised

	60
	Hubertia lahue
	chile_native

	61
	Hedypnois cretica
	naturalised

	62
	Hordeum marinum
	naturalised

	63
	Hordeum murinum
	naturalised

	64
	Hypericum perforatum
	naturalised

	65
	Hypochaeris glabra
	naturalised

	66
	Hypochoeris radicata
	naturalised

	67
	Hypochaeris thrincioides
	chile_native

	68
	Juncus bufonius
	naturalised

	69
	Juncus capitatus
	naturalised

	70
	Juncus pallescens
	chile_native

	71
	Lactuca serriola
	naturalised

	72
	Lamarckia aurea
	naturalised

	73
	Leontodon saxatilis subsp. rothii.
	naturalised

	74
	Lepidium bipinnatifidum
	chile_native

	75
	Linum bienne
	naturalised

	76
	Linum usitatissimum
	naturalised

	77
	Filago gallica
	naturalised

	78
	Logfia minima
	naturalised

	79
	Lolium multiflorum
	naturalised

	80
	Lolium rigidum
	naturalised

	81
	Lotus corniculatus
	naturalised

	82
	Acmispon subpinnatus
	chile_native

	83
	Lupinus microcarpus
	chile_native

	84
	Madia sativa
	chile_native

	85
	Malva parviflora
	naturalised

	86
	Margyricarpus pinnatus
	chile_native

	87
	Medicago minima
	naturalised

	88
	Medicago polymorpha
	naturalised

	89
	Melica violacea
	chile_native

	90
	Mentha pulegium
	naturalised

	91
	Micropsis nana
	chile_native

	92
	Microseris pygmaea
	chile_native

	93
	Moenchia erecta
	naturalised

	94
	Myosotis discolor
	naturalised

	95
	Nassella manicata
	chile_native

	96
	Navarretia involucrata
	chile_native

	97
	Oenothera acaulis
	chile_native

	98
	Ornithopus compressus
	naturalised

	99
	Ornithopus pinnatus
	naturalised

	100
	Orobanche minor
	naturalised

	101
	Castilleja attenuata
	chile_native

	102
	Oxalis perdicaria
	chile_native

	103
	Pappostipa speciosa
	chile_native

	104
	Parentucellia latifolia
	naturalised

	105
	Parentucellia viscosa
	naturalised

	106
	Pasithea caerulea
	chile_native

	107
	Pectocarya linearis
	chile_native

	108
	Petrorhagia prolifera
	naturalised

	109
	Phacelia brachyantha
	chile_native

	110
	Phalaris aquatica
	naturalised

	111
	Phalaris minor
	naturalised

	112
	Piptochaetium montevidense
	chile_native

	113
	Plagiobothyrs fulvus
	chile_native

	114
	Plagiobothyrs procumbens
	chile_native

	115
	Plantago coronopus
	naturalised

	116
	Plantago firma
	chile_native

	117
	Plantago hispidula
	chile_native

	118
	Plantago lanceolata
	naturalised

	119
	Plantago rancagua
	chile_native

	120
	Poa annua
	naturalised

	121
	Poa bulbosa
	naturalised

	122
	Polycarpon tetraphyllum
	naturalised

	123
	Polygala gnidioides
	chile_native

	124
	Psilocarphus brevissimus
	chile_native

	125
	Ranunculus bonariensis
	chile_native

	126
	Ranunculus muricatus
	naturalised

	127
	Raphanus raphanistrum
	naturalised

	128
	Rumex acetosella subsp. angiocarpus
	naturalised

	129
	Sagina apetala
	naturalised

	130
	Sanguisorba minor
	naturalised

	131
	Scabiosa atropurpurea
	naturalised

	132
	Scleranthus annuus
	naturalised

	133
	Scolymus hispanicus
	naturalised

	134
	Sherardia arvensis
	naturalised

	135
	Silene gallica
	naturalised

	136
	Sisymbrium officinale
	naturalised

	137
	Sisymbrium runcinatum
	naturalised

	138
	Sisyrinchium chilense
	chile_native

	139
	Soliva sessilis
	chile_native

	140
	Spergula arvensis
	naturalised

	141
	Spergularia rubra
	naturalised

	142
	Stachys sericea
	chile_native

	143
	Stenandrium dulce
	chile_native

	144
	Taeniatherum caput-medusae
	naturalised

	145
	Taraxacum campylodes
	naturalised

	146
	Tolpis barbata
	naturalised

	147
	Trifolium angustifolium
	naturalised

	148
	Trifolium arvense
	naturalised

	149
	Trifolium campestre
	naturalised

	150
	Trifolium cernuum
	naturalised

	151
	Trifolium depauperatum
	chile_native

	152
	Trifolium dubium
	naturalised

	153
	Trifolium glomeratum
	naturalised

	154
	Trifolium macraei
	chile_native

	155
	Trifolium microdon
	chile_native

	156
	Trifolium striatum
	naturalised

	157
	Trifolium subterraneum
	naturalised

	158
	Trifolium suffocatum
	naturalised

	159
	Trifolium tomentosum
	naturalised

	160
	Tropaeolum leptophyllum
	chile_native

	161
	Veronica arvensis
	naturalised

	162
	Vicia sativa
	naturalised

	163
	Vulpia bromoides
	naturalised

	164
	Vulpia ciliata
	naturalised

	165
	Vulpia muralis
	naturalised

	166
	Vulpia myuros
	naturalised
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