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This talk 1. Framework for socioecological 
comparisons

2. Interhemispheric comparisons: Chile-
California 

3. Invasive pines in South America
4. InternaEonal networks and collaboraEons





All regions equally invaded?

Pysek et al. 2017

Multiple socio-ecological factors behing these patterns



Unveiling the factors behind plant invasions

Global scale 
“natural 
experiments”

Cross 
con;nental
comparisons

Propagule pressure

Abio=c factors
Bio=c
factors 



California-Chile

Interhemispheric comparisons







Comparison Chile-California

California has a higher number of 
non-na=ve species from more diverse
origins.



Comparison Chile-California

Non-na=ve floras are different and 
there is segrega=on even when only
considered shared species



Invasive Fabaceae in 
Chile and California 

its relative contribution in central Chile was signifi-

cantly higher than that in California (48.7% compared with

38.5%, Fig. 4). America (11.9%, 21.5%), Africa (4.3%,

7.8%), Asia (1.6%, 6.5%), and Australia (2.4%, 4.8%)

were significantly larger contributors to the alien flora of

California.
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Figure 2 The most abundant families and
genera of naturalized alien species in Chile
and California. Bars indicate the percentage
of the total alien flora for each site: grey,
Chile; white, California.
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Figure 3 Family naturalization index for
families with the largest numbers of alien
species. The family naturalization index (F) is
the number of naturalized species in a family
divided by the total species diversity for that
family worldwide, weighted by the total
number of naturalized species in the region,
multiplied by 100 (see text for formula).
Families shown have at least ten species
in each region. Bars: grey, Chile; white,
California.

Alien floras of Chile and California
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Grey: Chile
White: California

Jiménez et al. 2008

To explore patterns of similarity of the naturalized alien floras

of Chile and California, we compare taxonomic richness at the

species, genus and family levels, as well as comparing the

biogeographic origin of each species. We test whether these

taxonomic differences are consistent on a smaller, within-

region spatial scale. Specifically, we use latitudinal bands to

address within-region variation. Based on these analyses, we

hope to elucidate patterns of similarity and differentiation

between alien floras of climatically similar regions, and to

establish the basis for more specific studies that could

illuminate the causal factors of such patterns.

METHODOLOGY

Study sites

We compared the alien floras from two climatically similar

regions: the State of California in the United States (32!–42! N

latitude and 114!–125! W longitude), covering an area

of 410,000 km2, and central Chile (29!–44! S latitude and

72!–73! W longitude), covering an area of 256,500 km2.

California comprises 58 counties, and central Chile comprises

eight administrative units (Fig. 1). The two regions experience

similar seasonal variation in precipitation and temperature

(Mooney et al., 1970; di Castri, 1991; Arroyo et al., 1995),

being characterized by a temperate climate with cold, rainy

winters and hot, dry summers. Furthermore, intense coastal

fog, resulting from the influence of the cold Humboldt current

in Chile, and the California current in the Northern Hemi-

sphere, is a common climatic feature of both regions (di Castri,

1991). The geography of both central Chile and California is

characterized by a longitudinal valley trenched between two

mountain ranges. These climatic and geographic similarities

have placed California and Chile among the regions with

higher potential for biological comparisons (Arroyo et al.,

1995).

Chile and California have received high numbers of alien

plant species during recent centuries. In California, alien plants

have had an extensive and severe impact (Bossard et al., 2000).

The vegetation of coastal dunes, swamps, grasslands and oak

savannas has been the most strongly invaded (di Castri, 1991;

Dark, 2004; Seabloom et al., 2006). Forested regions and

chaparral habitat have been impacted to a lesser extent (Kruger

et al., 1989; di Castri, 1991; Bossard et al., 2000). Alien species

continue to be introduced, and some of them become invasive,

especially those introduced for ornamental purposes (Bossard

et al., 2000). Although less affected by globalization, central

Chile is especially sensitive to invasions because of its high

Figure 1 Locations of central Chilean and
Californian regions. Latitudinal bands are
indicated for Chile (R) and California (L).
L0, in California, represents counties not
considered in the analyses.

A. Jiménez et al.
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Impacts of invasive Fabaceae: 
Genista monspessulana and fire



Acacia dealbata
(Hirsch et al. 2021)

Complex results – multiple mixtures –
probably secondary introductions
Cluster: Chile, California, Portugal, 
Magadascar



Pines in Chile

Na;ves to North America 
invasive in South America



Pinus contorta in the world.
• One of the most invasive commercial species.
• Invades temperate cold and dry environments, even at high eleva=ons.

Langdon et al. 2010
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(Gundale et al. 2014)
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Pinus contorta as a model species



Pinus contorta: 
a model species 

for studying 
Invasion impacts 

JORGELINA FRANZESE ET AL. 
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Local reduc;on in plant diversity
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Pine invasion impacts on plant diversity in Patagonia:
invader size and invaded habitat matter
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Abstract Conifers, which are widely planted as fast
growing tree crops, are invading forested and treeless

environments across the globe, causing important

changes in biodiversity. However, how small-scale
impacts on plant diversity differ according to pine size

and habitat context remains unclear. We assessed the

effects of different stages of pine invasion on plant
communities in forest and steppe sites located in

southern Chile. In each site, we sampled plant

diversity under and outside the canopy of Pinus
contorta individuals, using paired plots. We assessed

the relative impact of pine invasion on plant species

richness and cover. In both sites, richness and cover
beneath pine canopy decreased with increasing pine

size (i.e. height and canopy area). A significant
negative impact of pines on species richness and plant

cover was detected for pines over 4 m in height. The

impact of pines on plant richness and cover depended
on pine size (i.e. canopy area) and habitat type. Larger

pines had more negative impacts than smaller pines in

both sites, with a greater impact for a given pine size in
the Patagonian steppe compared to the A. araucaria

forest. Species composition changed between under

and outside canopy plots when pines were 4 m or
taller. Pine presence reduced cover of most species.

The impacts of pine invasions are becoming evident in

forested and treeless ecosystems of southern Chile.
Our results suggest that the magnitude of pine invasion

impacts could be related to how adapted the invaded

community is to tree cover, with the treeless environ-
ment more impacted by the invasion.

Keywords Araucaria araucana !
Context-dependency ! Forest ! Pinus contorta !
Steppe ! Tree invasions ! Treeless environments

Introduction

Tree species belonging to the genus Pinus are the most
widely used plantation species and many of them have

escaped from plantations, becoming invasive globally

(Richardson et al. 1994; Richardson and Higgins
1998). The high propagule pressure caused by large-
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sites are rapidly reducing plant species richness and

cover as they grow and increase their canopies. The
effects on biodiversity beneath pine canopies are

evident early in the invasion when trees have not

reached their maximum density and the canopy has not
yet closed. Significant pine effects were registered for

trees with canopy areas starting at ca. 5 m2, while the

maximum individual pine canopy area was 13 m2 for
the steppe and 40 m2 for the forest. Based on the fact

that similar sized-pines had different impacts on plant

diversity depending on the invaded plant community
type, context-dependency (i.e. composition and struc-

ture of the recipient community) seems to have a

greater importance than pine size in determining the
magnitude of the invasion impact. Thus, the magni-

tude of the negative impact of pine invasions is likely

greater in communities not adapted to tree cover, such
as the Patagonian steppe.

The addition of new functional traits (Levine et al.

2003), such as the incorporation of a new life form or a
plant stratum that increases total vegetation height, may

explain the greater impact of pines in the steppe. Our

results highlight the role of the invaded community in
modulating the impact of a particular plant invasion. It

has been hypothesized that invasive species with novel

traits will have a greater impact on the invaded
community than species without novel traits (Rundel

et al. 2014), because the functional distinctiveness of

the introduced species may convey an advantage to the
invader over ecologically naı̈ve residents (Kumschick

et al. 2015). However, evidence of such phenomenon

remains scarce. Our study, by contrasting two very
different invaded communities, was able to show strong

differences in how species diversity and abundance is

reduced by pine invasions, as seen with other woody
invaders (Mason and French 2008). In the treeless

Table 1 Analysis of variance results for richness and cover impact responses to pine size (i.e. canopy area), habitat type, and their
interaction

Source of variation Impact on richness Impact on cover

df F statistic p value df F statistic p value

Canopy area 1 23.08 \0.001 1 43.17 \0.001

Habitat type 1 0.41 0.52 1 3.21 0.08

Canopy area 9 Habitat type 1 8.28 0.005 1 10.25 0.002

Error 71 71

Fig. 3 Relationships between pine canopy area and (a) impact
on richness, and (b) impact on cover for the Patagonian steppe
(white circles) and the Araucaria araucana forest (grey circles)
sites. Impact is expressed as the mean percentage reduction or
increase in richness or cover in ‘Under canopy’ plots compared

to ‘Outside canopy’ plots (100%). Negative values indicate a
lower species number (or cover) in under canopy plots, and
positive values indicate the opposite. The coefficient of
determination (R2) and the regression formula are reported

Pine invasion impacts on plant diversity
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that along with the forest, conferred heterogeneity to

the landscape. In 1970, several native and exotic

species were introduced in the Reserve as trial plots by
the ‘‘Instituto Forestal Chileno’’ (INFOR), in order to

evaluate the possibility of diversifying forestry pro-

duction (Loewe and Murillo 2001). Although many
exotic Pinaceae species (i.e. Pinus contorta, Pinus

sylvestris, Pinus ponderosa and Pseudotsuga

menziesii) were introduced in the area (Loewe and

Murillo 2001), the only one that became invasive (i.e.

that spread significantly from the trial plots and
increased notably in population abundance) is P.

contorta (Peña et al. 2008; Urrutia et al. 2013), which

is invading 78 ha of the Reserve, and reaches a mean
density of 6600 plants ha-1 in the more heavily

invaded sectors (Peña et al. 2008).

Fig. 1 Location of the study sites in Chile (left), pictures of
invaded and uninvaded areas from the Araucaria araucana
forest in theMalalcahuello National Reserve (a, b), and from the
Patagonian steppe in the Province of Coyhaique (c, d) (upper

right), and climograph for each site (lower right). Meteorolog-
ical data were obtained from the Worldclim dataset (Hijmans
et al. 2005)

J. Franzese et al.
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CONTEXT DEPENDANCY
Reduction is stronger in sites
where trees are naturally
absent.
Novel life form

Reduc5on in 
species richness* 
was steeper in the
Patagonia Steppe
compared to the
Araucaria forest.

*Cover, very similar 
effect
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ABSTRACT

Aim To determine whether one of the most invasive pine species introduced to

the Southern Hemisphere, Pinus contorta, has changed plant species richness,
composition, diversity, and litter depth where it has invaded into native open

forest, shrub steppe and grassland communities and to assess whether changes

were similar in its native and introduced ranges.

Location R!ıo Negro Province, Argentina; Ays!en and Araucan!ıa Regions, Chile;

Greater Yellowstone Ecosystem, USA.

Methods We measured changes in plant species richness, species composition

and cover, diversity, and litter depth associated with increasing P. contorta tree

cover along the invasion front at three sites in the introduced range (Argentina
and Chile) and one in the native range (Montana, USA).

Results Plant species richness and cover generally declined with increasing
P. contorta canopy cover, at similar rates in both the introduced and native

ranges. However, plant cover was not affected by P. contorta in a forested set-

ting in the introduced range. P. contorta invasion explained more of the decline
in species richness in the introduced than native range. Native species composi-

tion changed more strongly across the invasion gradient in the introduced than

native range. Litter depth increased more rapidly with P. contorta cover in the
native than introduced range.

Main conclusions Our results highlight the potential of pines to alter plant
communities whether encroaching from forests in the native range or from

plantations in the introduced range. Species richness and plant cover declined

in both settings; however, individual species abundance and species composi-
tion were more impacted in the introduced range than in the native range. We

suggest that invading trees have a greater capacity to cause ecological impacts

in their introduced than in their native range, particularly where they represent
a novel life-form.

Keywords
biogeography, biological invasions, invasion impact, pine invasion, Pinus

contorta, tree invasions.

INTRODUCTION

Invasive plants, particularly invasive trees, are well known to

have significant impacts on native biodiversity (e.g. Gaertner

et al., 2009; Camarillo et al., 2015; Const!an-Nava et al.,

2015; Lazzaro et al., 2015; Shackleton et al., 2015). Less

known, however, is whether the impact differs depending on

whether the invasion occurs in an introduced range or in the

species’ native range. Many plant species grow larger and

more densely in their introduced than in their native range

(Parker et al., 2013), which would suggest that the potential

for negative impacts through competition would be greater

DOI: 10.1111/ddi.12419
ª 2016 John Wiley & Sons Ltd http://wileyonlinelibrary.com/journal/ddi 1
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Pinus contorta 
reduces plant

diversity in the
community (but

more when is non-
na5ve)

composition between steppe plots in the introduced range

(AR and CL1) than in the native range (USA; Table 2).

When examining relationships between P. contorta cover

and individual species cover, we found that at all introduced

sites most of the significant relationships (P < 0.05) were

negative (Fig. 2; Table S3). In contrast, in the native range

the only species (Poa palustris) that had a significant rela-

tionship with P. contorta cover had higher abundance in

more highly invaded plots (Fig. 2; Table S3). At AR, P. con-

torta cover had a significant negative relationship with the

cover of three native species (14% of the species present in

at least three sampled plots), including the most frequently

occurring shrub species (Mulinum spinosum). At CL1,

P. contorta cover had a significant negative relationship with

cover of fourteen species (37% of the species present in at

least three sampled plots), including the most common grass

species Festuca pallescens (Fig. S2). Only the native Viola

reichei had a significant positive relationship with P. contorta

cover at CL1 (Fig. 2; Table S3). At CL2, P. contorta cover

had a significant negative relationship with two species (7%

of species present in at least three plots), including the most

common grass species (Festuca scabriuscula; Fig. S2).

Changes in plant cover by life-form and origin

Pinus contorta cover was negatively correlated with total

plant cover at all sites except CL2 (Fig. 3; Table 1). In the

combined model, the relationship between P. contorta cover

and relative total cover did not differ between the native site

(USA) and introduced sites (F3,65 = 1.27, P = 0.293; Fig. 1).

Analysis of the sites separately showed P. contorta cover was

negatively correlated with, grass cover at AR, CL1, and CL2

(Table 1), forb cover at CL1 and USA (Table 1), and shrub

cover at USA and AR (Table 1).

Exotic species cover other than P. contorta was low (<2%),

although some exotic species were frequently present in sam-

pled plots (e.g. Rumex acetosella in introduced range sites;

Table S2). Seven exotic species were found at AR and CL1,

three at CL2, and six at USA. Exotic plant cover decreased

with increasing P. contorta cover at CL1 (F1,18 = 8.43,

P = 0.010). Exotic cover at all other sites and exotic richness

at all sites were not correlated with P. contorta cover

(P > 0.05 for all comparisons).

Relationship between P. contorta cover and litter
depth

Pinus contorta cover was positively correlated with litter

depth at CL1, CL2 and USA but not at AR (Table 1; Fig. 4).

The relationship between litter depth and P. contorta cover

did not differ between USA and CL1 (t = -1.02, d.f. = 65,

P = 0.312), but litter depth increased more slowly with inva-

sion at CL2 than at USA (t = -2.33, d.f. = 65, P = 0.023;

Fig. 4). Litter included pine needles, but also dead material

from native grasses and shrubs.

Mechanism of impact

Pinus contorta cover alone explained more of the variance in

relative species richness and plant cover than did litter depth
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Figure 1 Relative species richness (a)
and relative total plant cover (b) plotted
against Pinus contorta cover (%) for each
site with the fitted line from the
combined models containing all data
from all sites. Statistically, the slopes of
the lines do not differ between the native
site (USA) and any introduced site (AR,
CL1, CL2) for both relative species
richness and relative total plant cover
(P > 0.05). Solid line and squares
represent USA, dotted line and triangles
represent AR, dot dashed line and x’s
represent CL1, and long dashed line and
circles represent CL2. See Fig. S1 and
Table S1 for full site descriptions (AR,
CL1, CL2, USA).

Table 2 Results from the PERMANOVA (permutational
multivariate analysis of variance) for each site that models Bray–
Curtis distance between plot species composition as a function
of Pinus contorta cover. AR (shrubland), CL1 (grassland) and
CL2 (open forest) are introduced range sites, and USA
(shrubland) is the native range site. See Fig. S1 and Table S1 for
full site descriptions.

Site

P. contorta cover

R2 P-value

AR 0.31 0.001

CL1 0.21 0.003

CL2 0.12 0.023

USA 0.11 0.023

582 Diversity and Distributions, 22, 578–588, ª 2016 John Wiley & Sons Ltd

K. T. Taylor et al.



Impacts on fire regimes?



INVADED REMOVED

HEMISPHERIC VIEW



Invasion	impacts	and	legacies	

Im
pa

ct
	

Time	

Management/control	

T1	

Management/control	

??	Uncertainty	of	recovery	
No	con9nuos	
management	
	

??	Uncertainty	of	recovery	

Pine impacts and legacies
Pine biomass changes light and microclimate, and reduces species diversity
and more so in treeless environments.
Impacts are ecosystem dependent (steppe vs. Araucaria forest)

Legacies are strong and impacts do 
remain

The more advanced the invasion the lower
the recovery (spp richness and abundance).

Monitoring needed to understand the
trajectories, e.g. poten=al for re-invasion; fire
regimes.

How similar is this for other tree invasions? What can we learn for management?



Interna3onal Networks

To solve GLOBAL issues
We need them!!



MIREN Mountain Regions (2018)The Mountain Invasions Research Network



How consistent are eleva=onal nonna=ve species richness paYerns?

• Species richness decrease with elevation in all regions.
• Peak richness always in lower third of the elevational range.



Mountains are a good
natural experiment

to understand invasions and climate
change

Alexander 2016
at higher elevations is limited more by propagule pressure

and availability of novel niches created by human activities

(i.e. disturbances) than by climatic filtering (Marini et al.
2012). Indeed, in most regions, the lowest elevations

encompass the highest densities of human population and

disturbances associated with agriculture, roads and urban
development (Dainese et al. 2014; Jauni et al. 2015). This

can provide opportunities for non-native species establish-

ment and conduits for dispersal (Becker et al. 2005); roads
and trails are recognized as major pathways for invasion into

mountains (Fuentes et al. 2010; Lembrechts et al. 2016;

Pauchard and Alaback 2004). In sum, declining non-native
species richness towards higher elevation is explained by a

combination of climatic constraints on species’ distributions

and fewer anthropogenic disturbances.

Processes influencing spread along elevation
gradients

A number of different factors can influence the spread and
establishment of non-native species along elevation gradi-

ents. Here we briefly review recent research into the main

drivers (Kueffer et al. 2013; Pauchard et al. 2009): dispersal,
rapid evolution and phenotypic plasticity, and community

invasibility and disturbance.

Dispersal

The transportation network plays a key role in the intro-

duction of species to mountain systems, with roadways

and associated vehicle transport a main driver of non-
native plant introductions (Lembrechts et al. 2016). The

rate of spread along roads can be rapid (Kalwij et al.

2015; Vacchiano et al. 2013). For instance, a spread rate
of 24.5 and 9.7 m in elevation per year was observed for

annuals and perennials, respectively, over a 7 year period
along a mountain road in southern Africa (Kalwij et al.

2015). Nonetheless, the availability of seed sources can

limit spread rates. For example, Kalwij et al. (2015) found
that non-native occurrences were clustered around four

points of potential seed introduction along the road. This

pattern corresponds with results from vehicle seed dis-
persal studies, where most seeds fall off within short

distances, but others remain on the vehicle for long dis-

tances (Taylor et al. 2012). Consequently, propagule
pressure decreases with increasing distance from seed

sources, such as upwards along a mountain road. Thus,

even if some non-native species are able to rapidly reach
high elevations along transport networks, their distribution

will tend to be dispersal limited at local scales (Seipel

et al. 2016).
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Fig. 1 Processes known to
influence the invasion of non-
native plants along elevation
gradients and into mountain
ecosystems. Until now, most
non-native species have been
introduced to low elevations,
and species with broad climatic
tolerances spread towards
higher elevation. This can be
influenced by (1) dispersal rates
to suitable sites and the
availability of seed sources, (2)
evolutionary and plastic
changes in life-history traits
(here plant size) and (3) levels
of anthropogenic disturbance
and the resistance of native
communities to invasion. Non-
native plants are currently
scarce in alpine ecosystems, due
likely to a combination of low
propagule availability, an
absence of species adapted to
environmental conditions, low
anthropogenic disturbance and
low invasibility of natural
communities
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Unifying themes among hypotheses (PAB)

Invasion is essentially a function of propagule pressure (P), the
abiotic characteristics of the invaded ecosystem (A) and the
characteristics of the recipient community and invading species
(biotic characteristics, B), and reflects positions in time and
space (Pysek & Richardson, 2006). Like the factors that affect
community assembly (Belyea & Lancaster, 1999), P includes
dispersal and geographical constraints, A incorporates environ-
mental and habitat constraints and B includes internal dynamics
and community interactions. For invasion to occur, all three factors
must be accommodating, if not favourable (Fig. 1). The extent
and intensity of invasion are determined by combination of the
three factors, though their influence is unlikely to be equal, and is
often mediated by humans (e.g. introduction and spread of
propagules, alteration of environmental conditions and indige-
nous species abundance and diversity; Wilson et al., 2007). The
onset of invasion is controlled by temporal and spatial factors
and, as PAB fluctuate and change in time and space, the timing,

distribution and rate of invasion is dynamic (Hastings, 1996).
Consequently, the phase, extent and severity of invasion are
determined by the combined strength of PAB, and by the posi-
tion in time and space (for spatial scale issues see Wiens, 1989;
Pauchard & Shea, 2006; Richardson & Pysek, 2006; for temporal
scale issues see Kowarik, 1995; Rejmánek, 2000; Pysek & Jarosík,
2005; Richardson & Pysek, 2006).

Propagule pressure (P)

Common to all theories of invasion ecology (Lonsdale, 1999;
Davis et al., 2000) is the understanding that successful invasion
requires sufficient P (the number of individuals introduced in an
event multiplied by the temporal frequency of these events;
Eppstein & Molofsky, 2007). Though a single propagule could
potentially lead to colonization (stage 3, Table 1), P is often
important for the continued success of an invader, not just its
introduction (Colautti & MacIsaac, 2004). Some authors suggest
that it is the key driver of invasion (Crawley et al., 1996; Lock-
wood et al., 2005) and may explain the idiosyncratic nature of
invasions (Lockwood et al., 2005). This is corroborated by the
significance of minimum residence time (time since earliest
known introduction, Rejmánek, 2000, i.e. lag phase, Kowarik,
1995) as P generally increases with time (Pysek & Jarosík, 2005;
Richardson & Pysek, 2006; however, the importance of MRT
may also reflect temporal changes in A and B that advantage
invaders, e.g. Crawley et al., 1996; Keane & Crawley, 2002; Joshi
& Vrieling, 2005).

High P may exacerbate invasion by enhancing genetic diversity
of the non-indigenous population, thereby increasing the chance
that the species will adapt to ecosystem conditions (Lockwood
et al., 2005). High P, especially the number of introduction events,
also increases the chance that an invader will be introduced
into a favourable environment. Continual introductions
can act as a buffer if conditions are temporarily unfavourable
(Lockwood et al., 2005) or if populations suffer from a bottleneck
(e.g. stage 4, Table 1). Regardless of A and B, high P may enable
species to become established simply through seed saturation.
Invaders are more successful with seedling–seedling competition
than seedling–adult competition (Crawley et al., 1999), so if
invaders dominate the seed pool, they are more likely to dominate
colonization and establishment. Such seed-swamping may at
least partially explain why the majority of plant invasion occurs
near human settlements in the UK (Crawley et al., 1996).

Reflecting the importance of P for all stages of invasion
(Tables 1 and  4), some researchers have advocated that P be
considered as a null hypothesis of invasion (Colautti et al., 2006;
Wilson et al., 2007). Most hypotheses, though, have considered P
not so much as a driver but a prerequisite of invasion. One
hypothesis primarily based on P is global competition; P is often
correlated with the number of potential invaders and the larger
their species pool, the greater the chance that some of the non-
indigenous species will become invasive (Daehler, 2003; Mack,
2003). The ideas of global competition have been used to explain
the high degree of invasion on oceanic islands by dominant species
from the mainland (Pysek & Richardson, 2006).

Figure 1 Schematic diagram illustrating how propagule pressure 
(P), abiotic characteristics (A) and biotic characteristics 
(B) interact to drive invasion (I), and how humans 
(H) may modify P, A and B. Invasion occurs where all three 
factors (i.e. circles) overlap. PAB must all be accommodating 
for invasion to be successful but the strength and extent 
of influence from each factor can vary. The circles also illustrate 
situations where one or two factors might limit invasion. 
The depth of shading represents the strength of factor 
influence and the size of the circles indicates the extent 
of their influence, both of which can change in space and 
time. In this example, the darker circle of A indicates that 
A drives invasion, followed by B, then P. P has the greatest extent 
(time and space) so limits invasion the least. 
The arrows indicate human interference, which may 
not necessarily occur but is highly likely with P 
(solid line; as opposed to dashed lines for A and B).
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