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Abstract The ruderal strategy is widely shared
among non-native plants, providing a general expla-
nation for the commonly observed positive effects of
disturbance on invasions. How native ruderals respond
to disturbance and how their abundance compares to
that of non-native ruderals remains, however, poorly
understood. Similarly, little is known about the role
that disturbance type plays in the coexistence between
native and non-native ruderals. We proposed that
natural disturbance favors native over non-native
ruderals, whereas novel anthropogenic disturbance
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favors non-natives over natives. To assess our general
hypothesis, we conducted extensive field samplings in
which we measured relative abundance, richness, and
diversity of native and non-native ruderals in sites with
natural and anthropogenic disturbance in central
Argentina, a system where the ruderal strategy is
common to a large number of native and non-native
species. We found that natives dominated ruderal
communities growing in recently burned grasslands,
whereas non-natives dominated in roadsides. Addi-
tionally, the richness and diversity of native ruderal
species were much greater than those of non-natives in
sites with fire and in sites with grazing, but species
richness and diversity did not differ between groups in
roadsides. Because vegetation evolved with fire in our
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system and, in contrast, the construction and mainte-
nance of roads is recent in it, these results support our
hypothesis. Our work indicates that the ruderal
strategy does not seem to suffice to explain why
disturbance facilitates invasions. According to our
data, species origin interacts with disturbance type to
determine dominance in communities with coexisting
native and non-native ruderals.

Keywords Caldenal - Central Argentina -
Coexistence - Distribution patterns - Plant abundance -
Plant strategy

Introduction

Current plant communities around the world are
typically composed of a mixture of both native and
non-native species occurring at varying relative
abundances (Mack et al. 2000; Simberloff et al.
2013; Chiuffo et al. 2015; Gross et al. 2015).
Advances in community assembly theory posit that
extant plant communities result from a number of
biotic and environmental filters acting on a global
pool of species that are dispersed by natural and
human vectors (Lortie et al. 2004; HilleRisLambers
et al. 2012). Species filters operate at both large
biogeographical/regional scales and small local
scales, with the latter affecting species coexistence
(Chesson  2000; MacDougall et al. 2009;
HilleRisLambers et al. 2012; Gallien and Carboni
2017). Within this conceptual framework, distur-
bance can be considered as a major selective agent,
whose effects at large scales give rise to communi-
ties compose of native and non-native species with
rapid growth, high fecundity, short life span, and
high colonization ability, commonly referred to as
weeds and technically to as ruderals (Grime 1974;
hereafter definition of ruderal species adopted in this
manuscript). Disturbance is also known to contribute
to community assembly locally (Connell 1978;
Sousa 1984; Pickett and White 1985; Dinnage
2009; Garcia et al. 2016); however, how disturbance
alters the relative abundance of natives versus non-
natives in ruderal communities remains poorly
investigated.
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According to plant strategy theory (Grime
1974, 1977, 2001; Grime and Pierce 2012), ruderal
species are expected to exhibit greater fitness (sensu
Chesson 2000; Adler et al. 2007; MacDougall et al.
2009) than competitor and stress tolerant species when
growing under disturbed environmental conditions,
regardless of species origin. Non-native ruderals can
be commonly overrepresented in datasets used to
compare the response of native and non-native plant
species to disturbance (Jauni et al. 2015), as the ruderal
strategy is widely shared among non-native plants
(Baker 1974; www.darwin.edu.ar, https://plants.usda.
gov). Understanding dominance in current ruderal
communities may then greatly benefit from comparing
only native and non-native species sharing that strat-
egy (Hierro et al. 2005; Caplan and Yeackley 2013;
Chiuffo et al. 2015; Jauni et al. 2015). This approach
can also contribute to uncover the importance of spe-
cies origin in the invasion/colonization of disturbed
sites (Davis et al. 2011; Simberloff et al. 2011). If
origin matters, then native and non-native ruderals
should respond differently to disturbance, but if origin
does not matter, then both ruderal groups should per-
form similarly under disturbed conditions.

Disturbance type likely influences the relative
abundance of native versus non-native ruderals. As
early as 1879, Asa Gray proposed that non-native
weeds are adapted to disturbance novel to natives, thus
explaining the increased relative abundance of non-
native plants in, for example, agricultural sites in
North America (Baker 1974; Mack et al. 2000; Hierro
et al. 2005). As a corollary, native ruderals should then
dominate communities in sites altered by natural
disturbance because of a shared evolutionary history
with that type of disturbance. Some types of distur-
bance have been shown to exert stronger positive
effects on the abundance of non-native plants than
others (D’ Antonio et al. 1999; Hierro et al. 2006; Jauni
et al. 2015), but little is still known about the role that
disturbance type plays in the coexistence between
native and non-native ruderals.

The semi-arid open forest of Prosopis caldenia
(Caldenal) in central Argentina exhibits a diverse
composition of coexisting native and non-native
ruderals (Cano et al. 1980; Prina 1995; Troiani and
Steibel 2008; Chiuffo et al. 2015), whose abundance
and distribution, like in many systems around the
world, are controlled by several types of disturbance.
Here, we took advantage of those features, and used
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the Caldenal as a study system where to explore the
effects of disturbance type on the abundance of native
and non-native ruderals. We proposed that natural
disturbance favors native over non-native ruderals,
whereas novel anthropogenic disturbance favors non-
natives over natives. We assessed our general hypoth-
esis (Mahner and Bunge 1997; Marone and Galetto
2011) by conducting extensive field samplings, in
which we estimated the cover of all plant species
growing in sites affected by the main natural and
anthropogenic disturbances in the system; that is, fire,
grazing, and the construction and maintenance of
roads. In addition, we classified species according to
origin and strategy, and focused analyses on the
performance of native versus non-native ruderals.

Materials and methods
Study area

Field sampling was conducted in the Caldenal of
central Argentina. Biogeographically, the Caldenal is
a district located in the southernmost portion of the
Espinal province within the Neotropical region (Cabr-
era 1994). The forest understory is dominated by
shrubs [e.g., Condalia microphylla Cav., Schinus
fasciculatus (Griseb.) 1. M. Johnston, and Lycium
chilense Bertero] and perennial bunchgrasses [e.g.,
Piptochaetium napostaense (Speg.) Hack., Poa ligu-
laris Steud., and Nassella spp.]. Soils are sandy (Cano
et al. 1980), the mean annual temperature is 15.4 °C
(1941-1990, Santa Rosa, La Pampa, 36°37'6.67"S,
64°17'29.31"W, located at the heart of the Caldenal,
http://www.worldclimate.com), and the mean annual
precipitation is 641 mm (1911-2015, Santa Rosa, G.
Vergara, Agronomy Department, UNLPam, unpub-
lished data), which mainly falls as rain in the spring
and summer.

Ruderals and disturbance in the Caldenal

According to palynological records, native ruderal
species, including members in the Brassicaceae and
Asteraceae, were common in the vegetation of the
Late Glacial-Holocene transition in the Caldenal
(Prieto 2000). Non-native ruderals, in turn, were
introduced to the region largely from Eurasia as
contaminants of imported agricultural species after

1879; that is, when the Caldenal was made available
for cultivation (Yunque 1957). The Caldenal is
affected by several disturbance types of both natural
and human origin, among which fire, grazing, and the
construction and maintenance of roads dominate in
extent (sensu Walker and Willig 1999; Fig. 1). Fire is
the main natural disturbance in the Caldenal, and it
occurs predominantly in the spring and summer
(Medina 2007). Mean fire interval for the period
1911-1993 has been reported to be approximately
7 years (Medina et al. 2000). In addition, fire has
historically been used by humans as a management
tool in the system (Medina 2007; Medina et al. 2000).
As for grazing, virtually all natural grasslands (i.e.,
grasslands composed of native vegetation) are grazed
yearly by domestic herbivores from fall to spring in the
Caldenal (Primer Inventario Nacional de Bosques
Nativos 2006). Grazing by large mammals is not,
however, novel to the Caldenal, as the system used to
have a rich array of native herbivores that are now
locally reduced or absent and extinct (Patterson and
Pascual 1972; Bucher 1987). Also, physical and
chemical defenses are common among native herbs
and grasses in the Caldenal (Cabrera and Willink
1973). The other large disturbance in the system is the
construction and maintenance of roads, which
involves both the profound disruption of soil and
extant vegetation and periodic plowing and mowing,
with no herbicide application, on roadsides. Non-
aboriginal settlement, mainly European immigrants,
occurred only after 1879 in the study area (Yunque
1957), and road construction is a recent human
practice in the Caldenal.

Vegetation sampling

To evaluate the response of native and non-native
ruderal species to fire, grazing, and road construction
and maintenance, extensive vegetation samplings
were conducted during three consecutive years
(2009-2012) at the peak of flower/fruit production of
ruderal species (late spring to early summer) in the
Caldenal. Since the Caldenal is affected by one of
those disturbances in virtually all its distributional
range (Primer Inventario Nacional de Bosques Nativos
2006), including “non-disturbance” sites in our sam-
plings was not feasible. Only one natural reserve
protects the Caldenal, but the area is grazed by a large
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Fig. 1 Sites affected by the three main disturbance types in the Prosopis caldenia forest (Caldenal) of central Argentina. Burned

grassland (a), grazed grassland (b), and roadside (c)

population of the European red deer (Cervus elaphus;
Salomone 2005).

Only sites that burned in the spring—summer
previous to the sampling (~ 1 year) were chosen
for assessing the effects of fire on native and non-
native ruderals. Upon finishing the main fire season in
2009, 2010, and 2011, the location of all occurred fires
was obtained from the Civil Defense Office (http://
www.lapampa.gov.ar/defensa-civilL.html), a State
dependency. The list included fire initiated both nat-
urally (i.e., lightning) and accidentally (human-
caused), and natural grasslands burned by lighting
were chosen for sampling. From this list, burned sites
were selected randomly under two conditions, sites
had to be separated by at least 5 km between each
other and a permit for sampling needed to be obtained
from the land owner, as all fires occurred within pri-
vate land. Along the 3-year-period, 19 burned natural
grasslands were sampled (8 in 2009-2010, 6 in
2010-2011, 5 in 2011-2012). To minimize effects of
confounding factors, such as soil type and topography,
whenever possible (i.e., 16 burned sites), grazed nat-
ural grasslands and roadsides located at nearby/adja-
cent locations from burned grasslands were also
sampled. In addition to those sites, other 14 grazed
grasslands and 14 roadsides, also separated by at least
5 km between each other and randomly selected, were
sampled (10 in 2009-2010, 12 in 2010-2011, 8 in
2011-2012 for grazed sites, and 12 in 2009-2010, 13
in 2010-2011, 5 in 2011-2012 for roadsides). In all
cases, grazing and road construction and maintenance
were sampled in nearby/adjacent sites. In roadsides,
vegetation was sampled at approximately a mid-dis-
tance between the road and fence of private land,
which was always a ranch. Collectively, sites were
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spread across 394 km x 149 km (5,870,600 ha,
Fig. 2, Online Resource 1).

At each site, percent cover of vegetation, litter, and
bare ground were visually estimated within five
1 m x 1 m plots placed at 50 m intervals along a
randomly located transect (N = 79 x 5 = 395 plots).
The sampling included the identification and visual
estimation of percent cover of all species present in the
plots. Plant cover was used to calculate ruderal species
diversity with the Simpson’s index, asD =1 — Zplz
(McCune and Grace 2002), where p; is the proportion
of the cover of species i relative to the cover of all
species combined. According to this index, plots with
only one species have a diversity equals to zero. Plots
with no ruderal species (n = 27) were not included
into the analyses (e.g., Harte and Kitzes 2015). Plant
species were classified according to biogeographical
origin as natives or non-natives and plant strategy as
ruderals or non-ruderals. For origin, the Southern cone
catalog of vascular plants (http://www.darwin.edu.ar/
Proyectos/FloraArgentina/fa.htm) was followed. For
plant strategy, published information (Cano 1988;
Prina 1995; Rigolo de Agrasar et al. 2005; Troiani and
Steibel 2008; Chiuffo 2016a, b; Fernandez et al. 2016;
Pissolito and Guerrido 2016), and personal observa-
tion were used as sources. Published information of
species considered as ruderals or weeds are commonly
available, given the economic importance of these
species. Plant species that were not found in published
sources were classified as ruderals only when they
were observed in the field to exhibit traits included in
the definition of ruderal adopted here.
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Fig. 2 Distribution of the 19 burned grasslands, 30 grazed
grasslands, and 30 roadside sites sampled in this study during
spring—summer 2009-2012 in the Caldenal of central Argentina.
Panels depict South America map with Argentina in black (a),

Statistical analyses

Dependent variables were analyzed with Generalized
Linear Mixed Models (GzLMMs) followed by pair-
wise comparisons corrected with sequential Bonfer-
roni. In the model that compared the cover of ruderals,
non-ruderals, litter, and bare ground between the
different disturbances, disturbance type, group (i.e.,
ruderals, non-ruderals, litter, bare ground), and their
interaction were considered as fixed factors and site as
arandom factor. In that comparing richness, diversity,
and cover of native versus non-native ruderal species
within and between disturbance types, species origin,
disturbance type, and their interaction were considered
as fixed factors and site as a random factor. In
comparing the cover of native versus non-native
ruderals, plots with no ruderal species were excluded
from analyses (n = 27). Models used a binomial
distribution and logit link function for cover, Poisson
distribution and log link function for species richness,
and a normal distribution and identity link function for
diversity. In addition, differences in the composition
of ruderal communities between disturbance types
were assessed with detrended correspondence
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Argentina map with the distribution of the Caldenal also in black
(b), and the Caldenal with all 79 sample sites (c; not all sites are
visible due to overlap)

analyses (DCA, Hill and Gauch 1980). The cover of
each species in the 395 surveyed plots was used for
this analysis. Values of the two first main axes were
used to estimate the centroid and 95% confidence
interval for each disturbance type. Communities
growing in each disturbance type were considered as
different when 95% confidence intervals did not
overlap among each other in at least one of the
ordination axis (Callaway et al. 2000; Cavieres and
Badano 2009; Hierro and Cock 2013). Analyses were
performed with IBM® SPSS® Statistics 22
(GzLMMs), PC-ORD (DCAs; McCune and Mefford
2011), and Sigma Plot® 11.0 (centroids and 95%
confidence intervals; Systat Software, Inc. 2008).

Results

In total, 124 herb and grass species were recorded
during field samplings; most of them native to the
Caldenal (71%; Online Resource 2 and 3). In addition,
87 out of the 124 species exhibited a ruderal strategy,
among which most were also native species (60%).
Only one of the non-native species, Sporobolus

@ Springer



2920 M. C. Chiuffo et al.
100 Fire 307 g
—O— Grazing
@+ RC&M 2.5 1
80
2.0 1
¢- 2
T 601 @
b - S 1.5
g S
5 [
O 401 1.0 1
i 0.5 1 -
0 L3 —O— Native
—@— Non-native
0.0
0 051p
Ruderals Non-ruderals Litter Bare ground
Group Y
0.4
Fig. 3 Percent cover of ruderal species, non-ruderal species,
litter, and bare ground in the different disturbance types studied 2 0.3 P
here. Circles are means & 1 SE of 19, 30, and 30 sites with fire, g ///
grazing, and road construction and maintenance—RC&M—, E 02 . i
respectively. Different letters indicate significant differences ’ e
between disturbance types at p < 0.05 _ %/
0.1 1 7
cryptandrus (Torr.) A. Gray, a perennial grass native §,//
to North America, did not belong to the ruderal 0.0
strategy (Online Resource 4). All, but three, ruderal 71¢c
species found in our sampling were mentioned as 50 -
belonging to that strategy in published sources. ,i
. /
The cover of ruderals, non-ruderals, litter, and bare 40 - J/
ground varied according to the type of disturbance s Vi
. _ /
(Fpisturbance 2, 1568 = 2.347, p = 0.096; Fgroup 3, 1568 % 30 J/
=84.151, p <0.001; Fpisurbance*Group 6, 1568 = © . /
117.978, p < 0.001; Fig. 3). The cover of ruderals in e
roadsides was over two and three times greater than 10 o
that in grazed and burned grasslands, respectively e
(p < 0.001 for both pair-wise comparisons). Ruderals 0 Fire Grazing RCEM

were in addition more abundant in sites with grazing
than in those with fire (p = 0.013). In contrast, the
cover of non-ruderal species in grazed and burned sites
was alike (p = 0.616), and 15 times larger in those
types of disturbance than in road construction and
maintenance (p < 0.001). Litter occupied a larger
surface in grasslands disturbed by grazing than in the
rest of the disturbance types (p < 0.01), and it was also
larger in burned grasslands than in roadsides
(p < 0.001). Finally, the cover of bare ground in sites
altered by fire was similar to those altered by the
construction and maintenance of roads (p = 0.238),
and around 45% greater in those disturbance types than
in grazing (p < 0.001).

The overall richness of native ruderal species was
nearly 50% greater than that of non-native ruderals
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Fig. 4 Species richness (a), diversity (b), and cover (c) of
native and non-native ruderals across disturbance type. Circles
are means £ 1 SE (richness, n = 19, 30, and 30 sites with fire,
grazing, and road construction and maintenance—RC&M—,
respectively; diversity, n = 18 and 15 sites with fire, n = 30 and
25 sites with grazing, and n =29 and 30 sites with road
construction and maintenance for natives and non-natives,
respectively; cover, n = 19, 30, and 30 sites with fire, grazing,
and road construction and maintenance, respectively). Asterisks
indicate significant differences between species origins at
p <0.05

(FOrigin 1, 784 = 118924» p < OOO], FDisturbance 2, 784
= 54873’p < 0.001; FOrigin*Disturbance 2,784 = 60.580,
p < 0.001; Fig. 4a). In addition, sites affected by road
construction and maintenance exhibited 64% and 80%
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more ruderal species than those affected by grazing and
fire, respectively (p < 0.001 for both pair-wise com-
parisons). Grazed grasslands were, in turn, 10% richer
in ruderal species than burned grasslands (p = 0.013).
Native ruderals exhibited two and five times more
species than non-native ruderals in grazed and burned
grasslands, respectively (p < 0.001 for both pair-wise
comparisons; Fig. 4a), but natives and non-natives did
not differ in species number in roadsides (p = 0.066).
Interestingly, the richness of native ruderals did not
vary across disturbance types (p > 0.050 for all pair-
wise comparisons). That of non-natives was, instead,
three and six times greater in roadsides than grazed and
burned grassland sites, respectively (p < 0.001), and
two times higher in sites with grazing than in sites with
fire (p < 0.001). The diversity of ruderal species across
disturbance types followed a pattern highly compara-
ble to that of richness (Forigin 1, ss2 = 74.200,
p < 0.001; Fpigurbance 2. 582 = 15.684, p < 0.001;
FOrigin*Disturbance 2,582 = 17723’ p< 00017 Flg 4b)

In contrast to richness and diversity results, the
overall cover of non-native ruderals was 55% larger
than that of native ruderals (Forigin 1, 730 = 4.286,
pP= 0039, FDiSturbance 2, 730 = 80153, p< 0001,
FDisturbance*Origin 2, 730 = 95.179, p < 0.001; Flg 4c).
Importantly, the cover of native ruderal species was
over four times greater than that of non-natives in sites
disturbed by fire (p < 0.001), but, in sharp contrast,
the cover of non-native ruderals was nearly three times
greater than the cover of natives in roadsides
(p < 0.001). The cover of natives and non-natives
did not differ in sites affected by grazing (p = 0.080).
Similar to observations from ruderal richness and
diversity, the cover of native species was highly
comparable between disturbance types (p > 0.500),
but that of non-native ruderals was nearly four times
and over an order of magnitude larger in roadsides
than in grazed and burned grasslands, respectively
(» < 0.001). Non-native ruderals exhibited in addition
over three times more cover in grazed than burned
sites (p = 0.001). As expected from richness, diver-
sity, and abundance results, DCA analyses showed
that ruderal plant communities growing in sites altered
by fire, grazing, and road construction and mainte-
nance differed between each other in at least one of the
ordination axes (Fig. 5).
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Fig. 5 Distribution of ordination scores for all ruderal species
recorded in burned grasslands (n =95, dark gray circles),
grazed grasslands (n = 150, gray circles), and roadsides
(n = 150, black circles), based on species cover (a), and means
and 95% confidence intervals of the ordination scores for each
disturbance type (b)

Discussion

The ruderal strategy is widely shared among non-
native plants (Baker 1974), providing a general
explanation for the commonly observed positive
effects of disturbance on invasions (Mack et al.
2000; Hierro et al. 2006, 2011; Jauni et al. 2015, but
see Moles et al. 2012). Here, we conducted extensive
field samplings to assess the effects of different types
of disturbance on the relative abundance, richness, and
diversity of native and non-native ruderals in a system
where the ruderal strategy is shared by a large number
of native and non-native species. We found that
natives dominated ruderal communities growing in
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recently burned grasslands, whereas non-natives dom-
inated in roadsides. Interestingly, differences in rela-
tive abundance between natives and non-natives
within disturbance types arouse from variations in
the response of non-native ruderals to studied distur-
bances, as the abundance of native ruderals remained
largely unchanged across disturbance types. In addi-
tion, the richness and diversity of native ruderal
species were much greater than those of non-natives in
sites affected by fire and in sites affected by grazing,
but species richness and diversity did not differ
between groups in roadsides. Because vegetation
evolved with fire in the Caldenal (Medina 2007) and,
in contrast, the construction and maintenance of roads
is recent in the system, our results suggest that native
ruderals are favored under conditions generated by the
occurrence of natural disturbance, whereas non-native
ruderals are favored under those created by novel
anthropogenic disturbance, providing support to our
hypothesis. Notably, non-natives achieved dominance
of ruderal communities growing in sites altered by
novel disturbance even though they were outnumbered
in richness by native ruderals in the system. These
findings are in line with early ideas (Gray 1879) about
the importance of disturbance novelty in plant inva-
sion. Additionally, our work indicates that the ruderal
strategy does not seem to suffice to wholly explain
why disturbance facilitates invasions. According to
our data, species origin interacts with disturbance type
to determine dominance in communities with coex-
isting native and non-native ruderals.

Comparing the response of native and non-native
species with ruderal strategy to disturbance can
provide fundamental insight into the role of distur-
bance in plant invasion (Moles et al. 2012; Jauni et al.
2015; Seabloom et al. 2015). According to a recent
meta-analysis that did not grouped plant species into
life-history strategies, disturbance, particularly human
disturbance and grazing, strongly increases the diver-
sity and abundance of non-natives, but disturbance
does not affect those of natives (Jauni et al. 2015). In
another study that similarly did not discriminate
species by strategy, nutrient additions in global field
experiments increased the cover and richness of non-
natives, while additions decreased native diversity and
cover (Seabloom et al. 2015). Contrasting responses of
native and non-native plants to disturbance and
nutrient additions were proposed to be due to an
over-representation of the ruderal/opportunistic
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strategy among non-native plants in both studies
(Jauni et al. 2015; Seabloom et al. 2015). In our work,
however, the strong response of non-natives to a
severe human disturbance cannot be explained by
differences in strategy with the natives because we
controlled for plant strategy, highlighting the impor-
tance of species origin in the response (Davis et al.
2011; Simberloff et al. 2011; Richardson and Ricciardi
2013; Valéry et al. 2013; Simberloff and Vitule 2014).
Similarly, origin seems to matter in the greater
abundance of native than non-native ruderals observed
in sites altered by a natural disturbance.
Experimental studies are needed to unravel mech-
anisms underlying documented patterns of ruderal
plant distribution; here, we can only hypothesize about
them. The alternative dominance of native and non-
native ruderals may reflect a continuum of traits within
species sharing the same life history strategy (Caplan
and Yeackley 2013), with species dominating in
burned natural grasslands at one extreme and those
dominating in roadsides at the other. Because con-
structing and maintaining roads profoundly disrupt
plant communities, including thoroughly removing
extant vegetation, creating lower zones where water
may accumulate, and periodically mowing and/or
plowing, resource availability is likely to be higher at
roadsides than at natural fields altered by fire and/or
grazing. The scarce presence of non-ruderal vegeta-
tion and important cover of bare ground in roadsides
detected in our study show the strong impact of road
construction and maintenance on plant communities.
Non-native ruderals in the Caldenal may possess
adaptive traits that confer them an advantage over
natives under the favorable environmental conditions
presumably present at roadsides (Ordofiez et al. 2010;
van Kleunen et al. 2011; Ordoiiez and OIff 2013). In a
greenhouse experiment that assessed trait differences
between ten native and ten non-native ruderals in the
Caldenal growing in isolation and under favorable
conditions, the group of native species was, however,
similar to that of non-natives for all study traits,
including seed size, emergence rate, relative growth
rate, height, time to flowering, aboveground biomass,
and fecundity (Chiuffo 2016c¢). Thus, native ruderals
in our system may also respond to high resource
availability when growing in isolation. When in
competition, however, natives may be outperformed
by non-natives, which would explain the lack of
response of native ruderals to roadside conditions.
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Native ruderals, on the other hand, may be better
adapted than non-natives to growing conditions in
burned grasslands in the semi-arid Caldenal (Alpert
et al. 2000). Our data show that the abundance of non-
native ruderals was not only lower than that of native
ruderals in burned grasslands, but it was also lower
there than in roadsides, suggesting that non-natives
perform poorly under the environmental conditions
generated by fire and/or they are competitively
outperformed by natives under those conditions.

Beyond adaptation and competition, other mecha-
nisms could contribute to explain differences in
abundance between native and non-native ruderals in
sites with natural and novel human disturbance in our
system. For example, the sign and magnitude of the
feedbacks that native and non-natives establish with
the soil may vary with disturbance type (Carvalho
et al. 2010; Veen et al. 2014). Also, whereas biotic
filters like granivores can be reduced or absent in
roadsides (Pearson et al. 2014a), they can exert
stronger control on non-native than native species in
disturbed natural grasslands (Pearson et al. 2014b).
Herbivores have been shown to facilitate non-native
plant invasion (Orians 1986; Chaneton et al. 2002;
Parker et al. 2006; Seabloom et al. 2009), and their
exclusion has increased the cover of native plants,
whereas caused no effects on non-native plants in a
recent global field experiment (Seabloom et al. 2015).
Descriptive surveys in our system have shown,
however, that herbivory on native ruderals is similar
to that on non-native ruderals across the disturbance
types considered here (M.C. Chiuffo and J.L. Hierro,
unpublished data). Finally, propagule pressure is
commonly considered as a key driver of invasions
(Lonsdale 1999; Loockwood et al. 2005), but the
importance of this factor in setting dominance of
natives versus non-natives in ruderal communities is
currently unknown. Propagule pressure, on the other
hand, can explain the greater abundance of non-native
ruderals in roadsides as compared to natural disturbed
grasslands (Harrison et al. 2002; Kalwij et al. 2008;
Pauchard and Alaback 2004).

Despite limitations linked to the descriptive nature
of our work, it advances the understanding of the
importance of disturbance genesis in the assembly of
current plant communities. By comparing native and
non-native species sharing the same strategy, our
study shows that disturbance type can alter the
coexistence between native and non-natives in ruderal

communities, such that native ruderals dominate
communities growing in sites disturbed by a natural
disturbance, whereas non-native ruderals dominate
those in sites affected by a severe human disturbance.
Our approach highlights then that the effects of
disturbance on the abundance of native and non-native
ruderals may depend on both disturbance type and
species biogeographical origin.
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