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The rapid progression of an invasive genotype of common reed along roads and other linear infrastructures in North

America provides one of the most spectacular examples of the role of transportation corridors as invasion pathways. In this

paper, we discuss ecological patterns and processes in roadside habitats important for understanding the invasion

dynamics of common reed from coastal areas inland. Frequent disturbances in roadsides combined with potentially high

levels of nutrients from adjacent land and stress conditions (from deicing salt and other pollutants) mimic the conditions

unfortunately found more and more in natural wetlands. The novel contribution of roads is the creation of linear wetlands

with an unprecedented level of connectivity. Genetic evidence shows that invasion inland coincides with the

intensification of the road network. Time series analysis of remote sensing data reveals impressive rates of invasion of

roadsides and other linear infrastructures, suggesting prime conditions for common reed in these novel habitats. Whereas

reed dispersal along roads was thought to be largely due to rhizome transport, new evidence suggests a significant

contribution of sexual reproduction and seedling establishment, likely enhanced by climate warming at northern latitudes.

There is little evidence that other wetland plants can slow down vegetative expansion of common reed in roadside habitats,

but plant cover could prevent seedling establishment and shading by shrubs and trees limit lateral clonal expansion. The

fact that common reed possibly provides water treatment and other ecosystem services in roadsides must be carefully

weighed against the threat to biodiversity in natural systems. All this begs for investigating urgently if, where, and how we

should intervene without compromising the great value of wetlands of conservation interest intersected by roads.

Nomenclature: Common reed, Phragmites australis (Cav.) Trin. ex Steud.

Key words: Corridor pathway, ecosystem services, linear wetland, plant invasion, right-of-way management, road

ecology, wetland plant competition.

Transportation corridors provide relevant invasion
pathways that must be assessed if we hope to manage
biological invasions (Christen and Matlack 2009; Hulme et
al. 2008). The proliferation of linear infrastructures with
the construction of roads, railways, drainage ditches, and
canals often results in novel habitats that provide a vast
network of “empty niches” for exotic plant species to
exploit. Ecological conditions in these habitats can select
for highly stress-tolerant plant phenotypes or influence
competitive plant interactions (Arteaga et al. 2009; Grant
et al. 2007; Greenberg et al. 1997). Moreover, linear
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habitats connect ecosystems, landscapes, and regions, and
therefore when invaded may contribute to increase
propagule pressure in the intersected land (Findlay and
Bourdages 2000; Garnier et al. 2008).

The expansion of the invasive macrophyte Phragmites
australis (Cav.) Trin. ex Steud. (hereafter referred to by its
generic name) in inland areas of North America provides
one of the most spectacular examples of the role of
transportation corridors as invasion pathways (Catling and
Carbyn 2006; Gervais et al. 1993; Jodoin et al. 2008;
Lelong et al. 2007; Maheu-Giroux and de Blois 2007).
Phragmites expansion in North America has been ex-
plained by anthropogenic changes to wetlands such as
disturbances to hydrologic cycles, plant communities, soil,
and nutrient regimes (Bart and Hartman 2000; Chambers
et al. 2008; Meyerson et al. 2000; Rice et al. 2000) and by
the introduction from Eurasia in the 19th century of an
exotic genotype tolerant to these new ecological conditions
(Saltonstall 2002). In areas where climatic and edaphic
conditions allow, this introduced genotype thrives in the
vast network of linear wetlands created by drainage ditches
alongside transportation infrastructures and agricultural
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land (Jodoin et al. 2008; Maheu-Giroux and de Blois
2007). As a result, natural wetland areas that would have
been otherwise relatively isolated by inhospitable upland
environments have become connected and at increased risk
of invasion.

In North America, the majority of the literature on
Phragmites has focused on invasion patterns in tidal
wetlands of the eastern coastal areas. In this paper, we
discuss ecological patterns and processes in roadside
habitats important for understanding the invasion dynam-
ics of common reed. We believe that roadside environ-
ments provide a relevant system to investigate different
aspects of biogeography, landscape ecology, and competi-
tion dynamics in relation to invasion theory. We refer to
the exotic genotype of Phragmites (haplotype M; Saltonstall
2002), unless otherwise specified. Our focus is on
Phragmites, but lessons can be applied to other species
with somewhat similar ecological requirements and
behaviors, such as Arundo donax L. (giant reed) or Typha
X glauca Godr. (hybrid cattail). First, we present evidence
of historical and current invasion patterns of Phragmites in
road corridors. We then discuss current knowledge of
Phragmites’ establishment and propagation along roads and
relate these processes to abiotic (soil chemistry) and biotic
(plant interactions) factors in roadside environment. We
conclude by proposing research directions that could help
us decide if, where, and how we should intervene so as not
to compromise the value of ecosystems intersected by
roads.

Evidence for Roads as Invasion Pathway
for Phragmites

Evidence for retracing invasion pathways for plant
species comes from examination and genetic analyses of
herbarium specimens and populations in the field (Delisle
et al. 2003; Gervais et al. 1993; Lelong et al. 2007;
Saltonstall 2002;) as well as time series analysis of
established populations using remote sensing (Hudon et
al. 2005; Lathrop et al. 2003; Maheu-Giroux and de Blois
2005, 2007; Rice 2000; Wilcox et al. 2003). Along the
Atlantic coast of the United States, the exotic genotype of
Phragmites (haplotype M) was likely introduced in the early
19th century from Eurasia. According to genetic evidence,
after a lag of some decades, the exotic genotype rapidly
spread in coastal wetlands and inland areas in the last
century. Saltonstall (2002) hypothesized that this rapid
expansion could have been facilitated by the construction
of railroads and major roadways across North America in
the late 19th and early 20th centuries. Indeed these new
infrastructures would have not only accelerated the
transport of propagules by cars and trains from the coast
inland, but would have provided an extensive network of
new habitats for the introduced genotype.

In eastern Canada, a detailed historical reconstruction of
the distribution of native and exotic genotypes based on the
genetic approach developed by Saltonstall (2002) allowed a
test of this hypothesis. Using historical records from
herbaria and from current specimens, Lelong et al. (2007)
found evidence that the exotic Phragmites had been present
in the province of Quebec at least since 1916, spreading
first along the St. Lawrence River. Whether propagules
were transported by water from their point of introduction
or by humans traveling on or along the river is not known,
but the oldest historical specimen was collected downriver,
making it unlikely that transport upstream would have
been unaided. The rapid expansion of the exotic genotype
inland in Quebec was initiated only in the mid-1960s, and
coincided with the initiation of a large highway construc-
tion program (Lelong et al. 2007). As early as the 1980s,
Gervais et al. (1993) had noted the rapid invasion of roads
and wetlands in Quebec, initiating one of the first extensive
historical reconstructions of Phragmites invasion patterns
inland. In four Ontario townships, historical genetic
records of populations of native and exotic Phragmites
dated the introduction of the exotic genotype back to the
1970s; the latter was much more strongly associated with
roads than the native one (Catling and Carbyn 2006).
More recently, in the 1990s, episodes of low water level
resulted in a new surge in the establishment of the exotic
genotype along the St. Lawrence River (Hudon et al. 2005)
and in wetlands of the Great Lakes (Wilcox et al. 2003).

Phragmites is commonly reported as colonizing roadside
habitats and other linear infrastructures, but there are still
surprisingly few studies that explicitly consider roads as
habitat corridors for Phragmites. Because of the ubiquitous
presence of Phragmites along roadsides in eastern Canada,
Jodoin et al. (2008) surveyed Phragmites’distribution along
all major highways in the province of Quebec. The patterns
they unveiled dramatically showed the extent of roadside
invasion, with Phragmites being present in 67% of the
1,359 1-km (0.621-mile) highway sections surveyed in
2003. Not surprisingly, genetic analyses showed that only 3
out of 260 tissue samples collected along roadsides were
native; all others belonging to the invasive haplotype M. In
the southwestern part of the province, where climate is the
warmest, Phragmites formed dense continuous stands,
which thinned out in the northern regions, suggesting that
climate was limiting or that edaphic conditions were less
suitable.

Major highways are not the only road structures invaded
by Phragmites. Lelong et al. (2009) mapped Phragmites
populations located along all road types of a large region
(1,400 km?®) of the southernmost part of Quebec. Logistic
regression models using landscape metrics showed that
road type was the most important factor in determining the
presence of the Phragmites in agricultural or forest
landscapes. A major road (national or regional) was more
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likely to be invaded by Phragmites than a local road,
especially if the road was located on organic or clay surface
deposits more typical of wetland conditions. Major roads
tend to have more traffic, which may result in more
propagules being transported (Gelbard and Belnap 2003).
They are also surrounded by wider ditches, which correlate
with increased density of Phragmites (S. de Blois,
unpublished data).

In the agricultural regions of the St. Lawrence lowlands,
the 1960s and 1970s saw not only the construction of
extensive highway networks, but also the proliferation of
agricultural drainage ditches. This created the conditions
for a rapid intensification of agricultural activities, with the
cultivation of corn and soybeans aided by fertilizers that
end up partly in drainage ditches. It also contributed to
increased habitat connectivity, effectively creating a dense
network of linear wetlands that included roadside and
agricultural ditches. Maheu-Giroux and de Blois (2005,
2007) reconstructed recent invasion patterns (1985-2002
and 1987-2002) in the linear wetlands of two landscapes.
Habitats considered included roadside and railroad ditches,
agricultural drainage ditches, and riparian corridors. At the
beginning of the reference period, Phragmites populations
were very sparsely distributed and found only in roadside
habitats. These then served as invasion foci into other parts
of the landscape. In only 15 yr, linear habitats showed
spectacular invasion patterns with intrinsic rates of increase
of  Phragmites populations generally exceeding those
reported for natural wetlands. Interestingly, riparian
habitats were spared, being little invaded except when they
intersected roads, perhaps because they were generally less
disturbed than anthropogenic linear wetlands and offered
fewer sites for establishment (Maheu-Giroux and de Blois
2007). A detailed network analysis of colonization events
showed spatial dependence between the appearance of new
distinct Phragmites patches and source populations in the
previous time period over a range of spatial scales. The
numerous new colonization events observed both within
and across ditches, however, suggested a stronger than
expected contribution of sexual reproduction to Phragmites
dispersal (Maheu-Giroux and de Blois 2007).

Establishment and Propagation along Roads

The establishment phase of Phragmites in nontidal
freshwater marshes as well as in roadside ditches is
probably the least known phase—and yet one of the most
crucial—in Phragmites invasion. There is evidence for
establishment both by sexual and vegetative means. Their
respective contributions to Phragmites dispersal inland and
how these contributions vary in space and time remains
unknown despite the relevance of this information for
limiting invasion. Although our focus here is on roadsides,
most of what is known about the dispersal of Phragmites

comes from coastal wetlands, so we will draw relevant
information from habitats other than roadsides as needed.

Dispersal through Vegetative Propagules. Because seed
viability and seedling establishment are thought to be low
at best (Gervais et al. 1993), and because rhizome
fragments have a large capacity for producing new sprouts
(Bart et al. 20006), it is generally assumed that, in North
America, Phragmites establishes mainly through the
transport and burial of rhizome fragments (Bart et al.
2006; Chambers et al. 1999; Small and Catling 2001).
Low genetic or molecular variation in some populations has
been reported as evidence of dispersal through vegetative
propagules (Fournier et al. 1995; Keller 2000; Pellegrin
and Hauber 1999). Potential dispersal vectors such as
rodents, floodwater, or birds transporting nesting material
have been proposed (Small and Cating 2001). More
important sources of dispersal, however, would be through
ditching, plowing, cleaning out ditches, and other human
activities that provide plenty of occasions for inadvertent
rhizome transport by machinery (Bart and Hartman 2003).
Ailstock et al. (2001), for example, reported as personal
observation an instance where “69 rhizome buds were
removed from the treads of a tracked vehicle working in a
Phragmites dominated community.” Many of the Phrag-
mites populations in the Charles River watershed in
Massachusetts are along roadsides and near construction
sites, and Keller (2000) suggested that they might have
originated from deposit of fill containing rhizome
fragments from distant locations. However, although
inadvertent rhizome transport by machinery is a likely
scenario for reed dispersal along roadsides, the evidence
supporting this hypothesis is rather circumstantial. Other
than anecdotal reports or unsubstantiated assertions, we
found no comprehensive direct evaluation of rhizome
transport and subsequent establishment in field conditions.

Dispersal through Seeds. Despite numerous early state-
ments suggesting otherwise, Phragmites is capable of sexual
reproduction in North America, but seed production,
viability, and germination rates vary greatly and remain low
or absent in many populations (Mal and Narine 2004;
Tucker 1990). There is nevertheless a body of greenhouse,
laboratory, and garden experiments demonstrating success-
ful seed germination or seedling survival and growth under
a range of conditions (Gervais et al. 1993; Harris and
Marshall 1960; Lissner and Schierup 1997; Maheu-Giroux
and de Blois 2007; Meyerson et al. 2010; Saltonstall and
Stevenson 2007; Wijte and Gallagher 1996). In a survey of
77 populations in Quebec, Gervais et al. (1993) found low
seed production, with an average from 0 to 5% of flowers
with seeds in most locations, although a few populations
showed higher production, up to 59% in one case. They
also mentioned high variation in seed germination rate in
laboratory conditions (from 0 to 100%), attributing much
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of this variability to differential damage by a fungal
pathogen, Claviceps microcephala (Wallr.) Tul. In another
study, Meyerson et al. (2010) measured germination rates
of 56 to 100% in Phragmites from several locations in
eastern North America. Germination tests showed seed
viability to vary widely among roadside ditch populations
in southern Quebec, but viability was overall relatively low
with a mean of about 5%; seed production on the other
hand was high, so low viability did not appear to be a
limiting factor (Maheu-Giroux and de Blois 2007). In
Europe, seed production and viability was found to vary
depending on climatic conditions (McKee and Richards
1996), and the same probably holds in North America.
Successful establishment through sexual means not only
depends on germination and seedling development during
the first growing season, but also on the capacity to
withstand the critical first winter. In Europe, the mortality
rate of seedlings during the first winter is reported to be
very high when the previous growth season had not been
long or warm enough for the newly emerged seedlings to
reach a critical size with an adequate amount of resources in
their storage organ (Haslam 1975; Weisner and Ekstam
1993). This suggests that there could be a strong climatic
determinant in seedling establishment, particularly at the
northern limit of the species range. Gervais et al. (1993)
raised doubts regarding successful establishment from
sexual reproduction in Quebec based on the slow seedling
development they observed in laboratory conditions.
Seedling establishment is reported to occur on moist,
unvegetated bare soil (Ailstock 2001; Mal and Narine
2004; Mauchant et al 2001) and human activities such as
cleaning out ditches provide perfect conditions for
germination. Surprisingly, published accounts of observa-
tions of seedling establishment in freshwater wetlands or
roadside habitats, especially beyond the first growing
season, are rare. Brisson et al. (2008) identified unequiv-
ocally 38 Phragmites seedlings in roadside ditches of
southern Quebec that had been disturbed; 11 seedlings
survived through their second growing season. This
represented, to our knowledge, the first documented record
of field establishment of Phragmites by sexual reproduction
in Canada. Previously, Harris and Marshall (1960)
reported the presence of Phragmites seedlings in 1954 on
a mud flat of Mud Lake National Wildlife Refuge
(Minnesota), but no monitoring beyond the first season
was reported. In addition to these two documented
observations of naturally established Phragmites seedlings,
there is also indirect but strong evidence of sexual
reproduction in inland wetlands. Belzile et al. (2010)
found larger than expected genetic variation among
Phragmites patches recently established along a lake in
Quebec. This very high level of genetic variation was
incompatible with the hypothesis that invasion was
initiated by the introduction of vegetative diaspores from

a few clones, implying seed dispersal. Maheu-Giroux and
de Blois (2007) observed numerous colonization events in
roadside ditches of southern Quebec, especially within the
period 1995-2002, that could also hardly be explained by
vegetative dispersal alone. Hudon et al. (2005) similarly
suspected that seed dispersal played a role in the recent
accelerated progression of common reed along the St
Lawrence River (Quebec).

It is unclear whether the presence of seedlings in roadside
ditches and freshwater wetlands has been simply over-
looked before, notably because of the difficulty in spotting
and identifying them, or whether seedling establishment is
a relatively recent phenomenon, especially at the northern
limit of the species range in North America. The indirect
evidence mentioned above concerns populations mostly
established after 1990, and the establishment episodes
documented by Brisson et al. (2008) coincide with some of
the warmest years on record at this latitude. Considering
that climate is an alleged limiting factor for seedling
establishment in Europe (Haslam 1975; Weisner and
Ekstam 1993), it is entirely possible that the recent climate
warming at northern latitudes played a role in facilitating
seedling establishment (Brisson et al. 2008).

Lateral Expansion of Phragmites Patches. Whatever the
mode of dispersal, vegetative or sexual, lateral expansion of
established Phragmites patches is always through strong
vegetative spread of a dense front of roots, rhizomes, and
aboveground stems, eventually developing in nearly
monospecific stands (Mal and Narine 2004). Physiological
integration of ramets may contribute to the competitive
success of Phragmites by allowing expansion in more
stressful or less optimal habitats (Amsberry et al. 2000).
Hence, it is not uncommon to see a dense Phragmites
population in a roadside ditch expand into adjacent upland
areas up to the forest margin where edaphic conditions
would normally limit its growth.

Phragmites produces both horizontal and vertical
rhizomes; the horizontal ones, mostly located at a depth
of up to 1 m, are responsible for lateral expansion. Annual
growth rates of horizontal rhizomes have been estimated to
be between 0.5 and 4 m yr71 (Haslam 1972). Phragmites
also produces runners (or stolons), which can develop from
a fallen aerial stem or from a vertical rhizome along with
aerial shoots. Since their annual growth rate can exceed
10 m yr~ ' (Haslam 1972), runners could play a significant
role in the fast lateral expansion of Phragmites colonies.
Runners are not common in roadsides, however, so we
found no estimate of their proportional contribution to
lateral expansion compared to horizontal rhizomes.

Based on the annual monitoring of lateral expansion of
approximately 100 Phragmites colonies in roadside ditches,
Lavoie (2008) reported average annual linear progressions
from 0.8 to 1.2 m, depending on years. Bellavance and
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Brisson (2010) monitored lateral expansion of Phragmites
in roadsides based on the exact position of the last standing
culm in eight patches and found annual progressions
varying from 1.0 to 5.6 m. These values appear overall
larger than those found for Phragmites patches in tidal
wetlands, as determined by aerial photographs (Warren
et al. 2001: 1.6 to 2.0 m yr ' in the lower Connecticut
River; Philipp and Field 2005: 0.52 to 0.91 m yr ' in
Delaware salt marshes) or based on field measurements
(Burdick et al. 2001: —0.1 up to 0.94 m yr~ ' depending
on site, in Rowley, MA). Both Bellavance and Brisson
(2010) and Lavoie (2008) found a difference in expansion
between years, suggesting climatic control. Other factors
that may affect expansion include abiotic conditions and
competitive interactions.

Ecological Effects in Roadside Invasion

Several ecological factors relevant to roads influence
Phragmites dispersal or expansion. Moving vehicles act as
dispersal vectors by transporting seeds (Hodkinson and
Thompson 1997; Von der Lippe and Kowarik 2007; Wace
1977; Zwaenepoel et al. 2006). Road construction involves
the transport of large quantities of soil that can contain
Phragmites rthizomes. Ditch cleaning or roadfill create large
areas of barren soil that provide ideal conditions for
seedling establishment. Mowing and vegetation manage-
ment, by removing native plant cover and woody species,
favor Phragmites, which is resistant to mowing unless it is
repeated very frequently (Derr 2008).

Two sets of ecological factors relevant to roads deserve
particular attention. First, soil conditions are suspected to
be an important determinant of the success of Phragmites
along roads. Second, biotic interactions with other plant
species are worth considering since they have important
management implications.

Roadside Soil Chemistry. High Nutrient Levels. Fertilizer
nutrients leaching from nearby agricultural land and
nitrogen from vehicles’ nitrous oxide emissions result in
high nutrient level in roadside ditches (Angold 1997; Cale
and Hobbs 1991). Phragmites growth and performance
benefit more than most of its competitors from nutrient
enrichment (Ravit et al. 2007; Rickey and Anderson 2004).
Rickey and Anderson (2004) suggest that reducing
nitrogen in roadsides may aid in controlling Phragmites.

Soil Pollutants. Roadside ditches typically carry a large
variety and quantity of pollutants. Typical contaminants
include several heavy metals, often derived from gasoline
additives including lead, aluminum, iron, cadmium,
copper, manganese, nickel, zinc, and others (Trombulak
and Frissell 2000). Organic pollutants and hydrocarbons
are also frequent contaminants in road corridors. Plants
species have differential susceptibilities and responses to

pollutants, but there is no doubt that Phragmites is very
tolerant to a wide range of contaminants. This high
tolerance is certainly one of the reasons, along with high
productivity and a deep root system, for the wide use of
Phragmites in constructed wetlands for wastewater treat-
ment (Brisson and Chazarenc 2009; Tanner 1996; Yang et
al. 2007).

High Salinity. The amount of deicing salt used for security
purposes on roads and highways can be very high in regions
with severe winters (up to 700,000 metric tons] each year
in the province of Quebec alone; Jodoin et al. 2008). Much
of this salt simply washes out in roadside ditches, increasing
salinity levels, with large variation depending on season and
rainfall (Richburg 1999; Wilcox 1986a). High salinity in
roadsides significantly impacts plant survival and growth
and community composition (Hughes et al. 1975; Lumis
et al. 1976), even allowing maritime halophytic plants to
establish far from marine coasts (Moore 1982). Phragmites
tolerates brackish water, as demonstrated by its severe
invasive status in coastal tidal wetlands of eastern North
America (Farnsworth and Meyerson 2003; Lissner and
Schierup 1997). It has therefore been suggested that the
increased salinity due to deicing salt is an important factor
contributing to Phragmites invasion in roadside ditches by
reducing competition from salt-intolerant species (Catling
and Carbyn 2006; Jodoin et al. 2008; Maheu-Giroux and
de Blois 2007; McNabb and Batterson 1991; Zedler and
Kercher 2004).

There has been a large number of experiments measuring
or comparing the effect of salinity on Phragmites at various
stages of development (Bart and Hartman 2003; Paradis
2008; Vasquez et al. 2006; Wijte and Gallagher 1996).
Phragmites is sensitive to high salinity compared to real
halophytes such as Spartina spp., but it tolerates a wide
range of salinity conditions in the fresh-to-brackish
spectrum, with little effect on biomass (Meyerson et al.
2000). There is experimental evidence that a moderate level
of salinity may provide an additional competitive advantage
to Phragmites (see next section), but in a Massachusetts
wetland impacted by deicing salt, Phragmites abundance
was not well correlated with elevated salt concentration
(Richburg 1999). More field evidence is needed to assess

the real impact of salinity in facilitating roadside invasion.

Plant Interactions. Phragmites may displace native plant
species with negative impacts on biodiversity (Keller 2000;
Meyerson et al. 2000; Silliman and Bertness 2004). On the
other hand, competition with plants may prevent Phrag-
mites establishment or slow down invasion, suggesting
prevention strategies (Minchinton and Bertness 2003).

Plant Cover to Prevent Establishment. Because Phragmites
germination and early seedling growth is poor under
competition (Haslam 1971), establishment is best on bare
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ground. This represents a valuable prospect for preventing
Phragmites seedling establishment in roadsides and other
disturbed sites. Encouraging the rapid development of a
competitive plant cover, either by facilitating natural
restoration or by introducing suitable plant species,
represents a promising alternative that could be less
environmentally costly than attempting to control well-
established Phragmites stands.

Shading by Woody Plants. Because Phragmites is intolerant
of shade, it is either absent, or has reduced density, height,
or proportion of flowering shoots under shrub or tree
canopy. Therefore planting woody species along roadsides
could help limit Phragmites expansion (Havens et al. 2003).
This may offer another preventive strategy to reduce the
density of Phragmites within and outside the corridor when
the presence of shrubs or trees is compatible with road
operation and safety.

Competition with Other Herbaceous Wetland Species. There
are numerous studies on the competition between
Phragmites and other co-occurring wetland species. Several
involve exclusively halophyte species of coastal wetlands
(Amsberry et al. 2000; Rickey and Anderson 2004; Wang
et al. 2006), whereas others examine plants that may also
occur in roadside habitats such as cattails (7ypha spp.)
(Bellavance and Brisson 2010; Konisky and Burdick 2004;
Szczepanska and Szczepanski 1982). The cattails Typha
latifolia L., Typha angustifolia L. and their hybrid Typha
Xglauca Godr. are widespread in North America (and
Europe) and dense stands of cattails alternating with stands
of Phragmites are common sights in roadside ditches of the
St. Lawrence lowlands. Given their similar niche and traits,
competition should be intense at the zone of contact
between these populations. Moreover, competitive out-
comes vary depending on environmental conditions,
including nutrient status and salinity. Like Phragmites,
cattails are tolerant of disturbance and salinity (especially 7
angustifolia and T. X glauca) (Konisky and Burdick 2004),
so the use of deicing salt has also been suspected of
promoting spread of Typha angustifolia and T. X glauca in
roadside ditches outside their native range (Galatowitsch et
al. 1999). Cattails have dense rhizomes and strong
vegetative spread, they form large nearly monospecific
stands, and they are considered invasive in many areas
(Shih and Finkelstein 2008). Like Phragmites, they have
strong competitive impact on other plants; the determina-
tion of the competitive hierarchy of 26 wetland plants in
North America assessed against a common indicator
(phytometer) species ranked Phragmites and Typha X glauca
(the only cattail species tested in this study) respectively
fourth and first under high-nutrient status (Keddy et al.
2000). If there are species that could slow down the
vegetative spread of Phragmites, cattails certainly appear
to be good candidates (Bellavance and Brisson 2010).

Experiments testing Phragmites—Typha interactions, how-
ever, provided mixed results. In Europe, a pair-wise
competition experiment showed 7. latifolia to be a better
competitor than Phragmites (Szczepanska and Szczepanski
1982). A field experiment in New England salt marshes
including salinity and flooding as stressors also found a
small (but nonsignificant) competitive advantage of cattail
(this time 7. angustifolia) over Phragmites (Konisky and
Burdick 2004). On the other hand, mesocosm competition
experiments monitoring lateral expansion and biomass
showed Phragmites to outcompete Typha spp. with or
without increased salinity (Bellavance and Brisson 2010;
Paradis 2008). The latter results corroborated observations
and experiments on interactions between Phragmites and
cattails conducted in roadside ditches. Monitoring several
zones of contact between patches over 3 yr in ditches,
Bellavance and Brisson (2010) showed that Phragmites was
consistently progressing over cattails. Moreover, in roadside
ditches, the progression rate of Phragmites against cattail
was found to be relatively similar to its progression rate in
zones where all plants were removed, suggesting that
cattails had little impact in slowing down Phragmites.

In mesocosms, Phragmites was superior to cattails at all
salinity levels tested, but its competitive advantage was
greatest at an intermediate salinity level (Paradis 2008). In
conclusion, there was little effect of competition from co-
occurring herbaceous wetland species on Phragmites clonal
expansion in the disturbed context of roadside ditches, even
from highly competitive species such as cattails.

Research Directions

In a review of invasion pathways, Hulme et al. (2008)
argued for a better understanding of the role of transport
infrastructure (“corridor pathway” sensu Hulme et al.
2008) in the introduction and dispersal of alien species.
Other weedy or invasive species than Phragmites colonize
transportation corridors. For example, Olson et al. (2009)
reported that the invasive hybrid Typha Xglauca was
favored under roadside ditch conditions. Also, highway
drainage ditches may have facilitated the migration of
purple loosestrife (Lythrum salicaria L.), increasing its
ability to invade wetland sites (Wilcox 1986b). Species of
the genus Fallopia, some of which are among the worst
invaders in the world, have been associated with roadsides
and now wetlands in North America (Richards et al. 2008).
There are, in addition, several other weedy species thriving
in the drier portions of transportation rights-of-way. The
case of Phragmites and these other successful invaders
highlights the strong interaction between roadside envi-
ronmental conditions and species traits, which results in the
selection of highly successful invaders. Frequent distur-
bances in roadsides combined with potentially high level of
nutrients but also stress conditions (e.g., salt and other
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pollutants) mimic the conditions unfortunately found
more and more in natural wetlands. The novel contribu-
tion of roads, however, is the creation of linear wetlands
with unprecedented level of connectivity, which benefits
even species that depend mostly on clonal propagation. It
would be wise, therefore, to monitor the road environment
for exotic plant species with the same diligence with which
we would monitor ballast water for aquatic species, that is,
before these species become a nuisance.

Most of what we have learned about Phragmites biology,
ecology, and impact on biodiversity come from coastal
wetlands or from studies in native habitats of Europe or
Asia. There is less information about freshwater ecosystems
and even less so about linear habitats. We do not know, for
instance, the relative contribution of sexual reproduction
vs. vegetative propagation to establishment in linear
habitats or in the wetlands that they intersect. Determining
establishment modes is tremendously important for
management because prevention measures will differ
depending on whether Phragmites establishes mostly by
seeds or mostly vegetatively. For example, establishing a
competitive plant cover may inhibit Phragmites seed
germination and seedling growth but is probably much
less efficient against invasion through vegetative means.
Moreover, climate change is likely to have an impact on the
reproductive and establishment potential of Phragmites and
this should be investigated.

Transportation right-of-way managers are increasingly
aware of the impacts the infrastructures they manage have
on adjacent land uses, especially when the adjacent land is a
nature reserve or is cultivated. There may be incentives in
controlling Phragmites within ditches when the species
affects drainage or to prevent contamination of adjacent
land. It is still unclear, however, how Phragmites specifically
invades the natural wetlands that roads intersect. Roads
bring propagules to an area but will these always eventually
colonize adjacent undisturbed wetlands? Is it that the road
brings also disturbances, creating the conditions for the
establishment of Phragmitess In this case, will invasion be
confined only to areas immediately affected by roads?
These questions are important because if Phragmites has
little chance of invading undisturbed sites, this may suggest
management strategies to confine Phragmites within the
transportation corridor with minimal impact on biodiver-
sity. Such strategies may include using barriers of shrubs or
trees or reducing as much as possible disturbances to
adjacent land when constructing roads.

Road networks bring together Phragmites colonies that
were previously isolated. Not only could this increase genetic
diversity in the exotic Phragmites populations, but connected
road networks may also increase the chance of bringing
together exotic and native Phragmites populations. Although
hybrids in the wild remain to be found, the fact that they can
be produced under experimental conditions using hand

pollination techniques confirms that both lineages can
interbreed (Meyerson et al. 2010). Decline of the native
Phragmites subspecies may occur through genetic swamping
if hybridization occurs in the field (Meyerson et al. 2010).

Finally, there is a debate about whether or nor invasive
species should be controlled at all given the ecosystems
services some provide and Phragmites is a case in point
(Hershner and Havens 2008, 2009; Martin and Blossey
2009; Weis and Weis 2003). The question is even more
relevant when invasion takes place in artificial habitats such
as roadside ditches, which have low conservation value.
Along roadsides, Phragmites can provide useful services by
trapping nutrients, pollutants, and sediments, or acting as
windbreaks. Of course, the risk of invasion to nearby
natural wetlands may largely override the benefits of not
controlling Phragmites in roadside ditches to retain some
ecological services. The chosen management strategy will
largely depend on conservation priorities and on how
trade-offs, say between water filtration and biodiversity
conservation, are assessed. All this begs for investigating
urgently if, where, and how we should intervene to
maximize the services we consider important without
compromising the value of ecosystems of particular
interest. Understanding how Phragmites invades roads,
ecosystems, and landscapes provides a great opportunity to
address this important task.
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