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SUMMARY. Historic ignorance of species’ native range, expansion due to un-
intentional involvement by vectors, and their quiet evolution has caused several
invasive species to become ‘‘poster children,’’ such as purple loosestrife (Lythrum
salicaria), reed canarygrass (Phalaris arundinacea), and others. Common mis-
conceptions on how these became problematic have involved a variety of causes,
including ignorance of species’ ability to intercross and create introgressive hybrids,
lack of insects for control, wind pollination, and intercontinental distribution from
their native range. Current research focuses on howmisappropriating the historical
contexts can reverse ourmisconceptions of native species being noninvasive and how
this affects control by landmanagers. Purple loosestrife and reed canarygrass will be
used as example species to demonstrate challenges that native vs. exotic, intra-, and
interspecific differences confer to land managers. Issues such as a lack of phenotypic
differences challenge land managers’ charge to control invasive individuals yet re-
tain the noninvasives. This is fraught with challenges when native vs. exotic status is
invoked or cultural values are entwined. To avoid a monumental impasse, partic-
ularly when native and exotic types are phenotypically indistinguishable, this di-
lemma could be solved via modern techniques using molecular biology.

C
ommon factors leading to the
spread and prominence of
invasive plant species culmi-

nating in monospecific stands (pop-
ulations with only one species),
include a wide range of invasion
hypotheses for spread or dispersal
(Blumenthal, 2005). These include
lack of insects and diseases (Keene and
Crawley, 2002; Mitchell and Power,
2003), pollen-pistil-incompatibility sys-
tems linked with floral style morphol-
ogy differences (Anderson and Ascher,
1994), environments with reduced
competition (Shea andChesson, 2002),

chemical or allelopathic susceptibility
[occurs when plants release specific
chemicals into the soil that prevent
other species from growing (Callaway
and Ascheboug, 2000)], a lack of her-
bivory (eating plant parts, especially
leaves) by insects (the enemy release
hypothesis) (Keene and Crawley,
2002; Mitchell and Power, 2003), re-
lease from natural enemies (Davis
et al., 2000; Keene and Crawley,
2002; Mitchell and Power, 2003;
Shea and Chesson, 2002), increased
resources (Davis et al., 2000), evolu-
tion of increased competitive ability
which includes a lag phase or lengthy
time period to evolve [evolution of
increased competitive ability or (EICA)
hypothesis (Blossey and Notzold,
1995)], and/or derivation from spe-
cific competitive exotic individuals.
However, numerous other hypotheses
and factorsmay be involved in the quiet
evolution of invasives that are either
misunderstood or completely ignored.
Such hypotheses include sympatry
(plants growing adjacent to each other
that allows for gene exchange) of

native/exotic species allowing
for intraspecific (within) and interspe-
cific (among species) hybridization
[hybridization-invasion hypothesis
(Gaskin, 2017)] and the involvement
of horticulture and agronomy [prop-
agule pressure hypothesis (Colautti
et al., 2006)]. Other factors that have
occurred in the history of studying
invasive species leading to spurious
assumptions regarding spread and
control include ignorance of histori-
cal distribution of the species (K�avov�a
et al., 2017) and presumed sterility
of hybrid cultivars (Anderson and
Ascher, 1993a).

Our commencementwith research-
ing invasive purple loosestrife 30 years
ago (1989) and discovering several
observable traits that superseded di-
agnostic traits for the species (defined
as morphological, chemical, or mo-
lecular traits that differ among spe-
cies), as well as factors that did not
match theories of invasive spread, led
to the publication, a decade later, of
our seminal paper byGalatowitsch et al.
(1999). Later, we published a special
issue in the journal Euphytica (Ander-
son and Galatowitsch, 2006a) that ex-
amined issues that plant breeders needed
to consider when selecting against in-
vasive potential during breeding and
domestication.

In this review, I examine two of
the ‘‘poster children’’ in the invasive
plant world, purple loosestrife and
reed canarygrass, to exemplify how
hypotheses may have enhanced their
spread or howmisconstrued historical
events may hold sway with the net
result imperiling management of
these invasive species while conserv-
ing native congeners or members of
the same species. This may have wide-
ranging applicability to other invasive
plant species.

Purple loosestrife

BIOLOGY AND SPREAD. Purple
loosestrife is an herbaceous perennial,
emergent wetland plant introduced
into North America from Europe
(Shamsi and Whitehead, 1974). Pur-
ple loosestrife forms a woody crown,
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which sends up new shoots every year.
Seed is the major source of its spread,
averaging 2.7 million seeds per plant
(Thompson et al., 1987), creating an
extensive seed bank. Seedlings of pur-
ple loosestrife recruit or germinate
more successfully than native species
(Welling and Becker, 1993).

Purple loosestrife occurs north
of the 35th parallel in most of the
contiguous United States and Canada
(Stuckey, 1980). Horticultural culti-
vars have been popular garden plants
and often escape into nearby wetlands
to establish along the edges of rivers
and ponds, in roadside ditches, and
other disturbed sites (Stuckey, 1980).
Because of growing concern of its
spread, purple loosestrife was labeled
as a noxious weed in Minnesota and
many other states (Anderson and
Ascher, 1993a; Rendall, 1989).

The invasiveness of purple loose-
strife arises from the fact that it has
displaced valuable wetland plant spe-
cies as an extremely successful colo-
nizer of disturbed wetland ecosystems
in North America (Welling and
Becker, 1993). In North America,
plants form dense monospecific
stands and crowd out native wetland
species (Mal et al., 1992), which re-
sult in a decline in species diversity
and promote extinction of rare spe-
cies (Moore and Keddy, 1989).

HISTORY. The loosestrife genus
(Lythrum) has 24 species that possess
heterostyly, a reproductive barrier
characterized by macroscopic differ-
ences in style and anther lengths
within each flower (Darwin, 1865;
Koehne, 1903). All species are also
self-incompatible and rarely self-
pollinate (Anderson and Ascher,
1993a). Eleven loosestrife species,
primarily diploid (two sets of chro-
mosomes) and distylous (two style
and anther types), are native to
North America (Blackwell, 1970;
Cody, 1978; Graham, 1975; Green,
1889; Koehne, 1885, 1903).

Purple loosestrife was first docu-
mented from North America in 1814
(Pursh, 1814). In fact, taxonomists
considered it to be a North American
native species until 1889 (Gray et al.,
1889). However, it did not become
invasive until the 1930s, when it sud-
denly spread in a coastal cow pasture
[Fig. 1 (Louis-Marie, 1944)], creat-
ing monospecific stands, after a lag-
time of more than a century.
The initial major seed source was

probably moist sand from tidal
flats used as ship ballast in Europe,
later emptied on American shores
(Thompson et al., 1987; Wilcox,
1989), as well as bee keepers
and horticulturists (Cutright, 1978,
1986; Stuckey, 1980). Galatowitsch
et al. (1999) reviewed the specifics
concerning its historical spread. Due
to multiple dispersal mechanisms,
purple loosestrife had many separate,
independent opportunities to form
colonizing populations (Stuckey,
1980), yet it did not do so during
the period of 1814 to the 1930s.
Numerous hypotheses regarding its
spread soon emerged, some of which
were exclusive.

VARIABILITY IN BIOCONTROL

EFFECTIVENESS. The first hypothesis
advanced for the post-1930s rapid
spread of purple loosestrife was a lack
of herbivory by phytophagous or
plant-feeding insects (enemy release
hypothesis) (Blossey, 1993). Biological
control with leaf-feeding, black-
margined loosestrife beetles (Galer-
ucella calmariensis and Galerucella
pusilla) was initiated in North Amer-
ica in 1992 with the importation of
beetles from Germany and Switzer-
land (Blossey and Notzold, 1995).
In Minnesota, release of leaf-feeding
beetles began in Summer 1993. By
1996, it was apparent that the bee-
tles had successfully established at
some sites, whereas at other sites
they were partially or completely in-
effective feeders, even after multiple
releases (Denoth and Myers, 2005;
Ragsdale et al., 1998). Although
environmental factors may play an
important factor in the successful
establishment of leaf-feeding beetles
in Minnesota purple loosestrife pop-
ulations, we theorized that differences
in genetic structure of loosestrife pop-
ulations (despite their apparent mac-
roscopic, phenotypic uniformity) may
play a larger role. Thus, the enemy
release hypothesis could not be solely
responsible for the spread of purple
loosestrife, as the hypothesis assumes
that all populations would be con-
trolled equally by the beetles.

EVIDENCE OF INTROGRESSION.
Until recently, natural hybridization
among species (i.e., introgression)
has been overlooked as a potential
source of new invasive variants
(Colwell et al., 1985). Variation in
the effectiveness of biocontrol agents
on purple loosestrife prompted our

laboratory to investigate possible ge-
netic effects. The most cosmopolitan
North American loosestrife species,
winged loosestrife (Lythrum alatum),
is often sympatric with invasive purple
loosestrife populations, as well as
being used to create dwarf, interspe-
cific horticultural cultivars between
the two species (Anderson and
Ascher, 1993a). Despite ploidy dif-
ferences, purple loosestrife (4x and
6x) and winged loosestrife (2x) in-
tercross when sympatric (Levin,
1970). Various research objectives
were pursued for evidential support of
the hybridization-invasion hypothesis
with a lag phase.

We characterized five popula-
tions of winged loosestrife and 17
populations of purple loosestrife in
Minnesota for morphological evi-
dence of introgressive hybridization
(Anderson and Ascher, 1993b, 1994,
1995). Deviations for the diagnostic
traits of both species were found with
regularity. Purple loosestrife individ-
uals were found with winged loose-
strife traits: alternate leaves (1.2%),
seed dormancy (>95%), solitary axil-
lary flowers (3.8%), smooth or
glabrous calyx or leaves (54.8%), ob-
long-ovate leaves, and dwarf plants
(0.6–1.0 m). Because the most com-
mon winged loosestrife trait is seed
dormancy, we found that stratification
treatments or pregermination soaks
in gibberellic acid (GA3) signifi-
cantly increased germination over
the untreated controls (Anderson and
Ascher, 1994). Open-pollinated seed
collected from natural populations
showed significant seed dormancy
among and within five established

Fig. 1. The first documentation of an
invasive purple loosestrife population
discovered in Baie-du-Febvre, QC,
Canada pastures in 1933 (Louis-
Marie, 1944).
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populations. Purple loosestrife had
not been previously reported to pos-
sess this trait; its only requirement for
germination was light (Lehmann,
1918; Nicholls, 1987).

Additional new phenotypic traits,
not found in winged loosestrife or
purple loosestrife, also frequently sur-
faced in the purple loosestrife popula-
tions: red or purple seedcoats, serrated
or toothed leaves, white flowers,
striped flower petals, and flowers with-
out petals (Anderson et al., 1995).
Winged loosestrife populations con-
tained individuals with purple loose-
strife traits: opposite leaves throughout
the entire stem, and whorled and
multiple (>4) flowers at nodes with
leaves.

More recent studies by Houghton-
Thompson et al. (2005) found that
there were individuals in all North
American populations examined with
nondiagnostic traits; for example, al-
ternate phyllotaxy (leaf positioning)
and one or two rather than multiple
flowers/axil, which are traits from
winged loosestrife. Screening 279
amplified fragment length polymor-
phisms (AFLPs) found two AFLPs
that confirmed this interspecific in-
trogression.Houghton-Thompson et al.
(2005) provided additional evidence

of introgression across North America
even though only a small frequency of
winged loosestrife genes was retained. A
century ormore of intercrossing or back-
crossing interspecific hybrids during the
lag phase between 1814 and the 1930s
could have been significant enough to
evoke these changes.

POLLEN-PISTIL-INCOMPATIBILITY

SYSTEMS LINKED WITH STYLY. Tristy-
lous (three style and anther types),
winged loosestrife has not been docu-
mented in Minnesota, although one
individual emerged in neighboring
Iowa (N.O. Anderson, unpublished
data). Distylous purple loosestrife
has not been documented in any
Minnesota population (Anderson and
Ascher, 1994); however, the integrity
of tristyly and its linkage with self
incompatibility (SI) is being dramati-
cally eroded (Anderson and Ascher,
1994), causing a disruption of nor-
mal outcrossing. Introgressive popu-
lations have an increased tendency to
self-pollinate (Anderson and Ascher,
1993a, 1993b, 1994, 1995; O’Neil,
1994), enabling small, isolated founder
populations to generate inbred seed-
lings without outside pollen sources.
This could break up linkages between
heterostyly and SI in either purple
loosestrife or winged loosestrife.

Anderson and Ascher (1994)
studied this phenomenon in 18 nat-
uralized purple loosestrife popula-
tions in Minnesota and Wisconsin
with a deficiency of short-styled in-
dividuals compared with mids and
longs. Short-styled female plants also
had significantly less seed set than
mids and longs. Zero seed set oc-
curred at higher frequencies than
would be expected (Anderson and
Ascher, 1994). We proposed that
a sporophytic incompatibility model
with at least three specificities with
the incorporation of distylous alleles
from winged loosestrife would ex-
plain the deficiency of short-styled
plants. This is termed the pollen-
pistil-incompatibility system linked
with styly hypothesis (Anderson and
Ascher, 1994). Although short-styled
plants have lowered fecundity, corol-
lary higher seed germination and/or
a segregation advantage would per-
petuate short-styled plants.

HORTICULTURAL PROPAGULE

PRESSURE. The extensive cultivation
of domesticated cultivars in large
numbers of clones by horticulturists
in the distribution chain (Drew et al.,
2010), termed propagule pressure
(Johnston et al., 2009), particularly
interspecific hybrids between purple
loosestrife · winged loosestrife, in-
creased the probability of introgres-
sion between the two species to create
genetically variable populations. Be-
cause propagule pressure increases
the likelihood of spread, particularly
in a winter-hardy herbaceous peren-
nial such as purple loosestrife, in-
creased numbers of units sold and
grown each year over time could
significantly increase the species’
spread. Although no dataset docu-
ments the actual level of propa-
gule pressure horticultural cultivars
exerted in North American ecosys-
tems during the past �2 centuries
[U.S. Department of Agriculture
(USDA) floricultural data do not
specifically track this species because
it is not in the top 10 herbaceous
perennials (USDA, 2016)], it would
not be insignificant. The interspecific
cultivars of Morden Gleam, Morden
Rose, and dwarf forms of Robert
(Lindgren and Clay, 1993; Rendall,
1989) would serve as modern-day
hybrid bridges for gene transfer of
adaptive traits from native winged
loosestrife into introduced purple
loosestrife populations, similar to

Fig. 2. Examples of common phytoliths recovered from surface sediments of
Minnesota wild rice lakes (Yost et al., 2013): (C) saddle, square tabular is spiked
muhly (Muhlenbergia glomerata); (D) feather grass-type (Stipa-type) bilobate
(Stipeae); (E) trapeziform with concave top; (H) rondels (Poaceae); (I) rondel,
keeled top is reed grass (Calamagrostis), mannagrass (Glyceria), and reed
canarygrass (Phalaris arundinacea); (J) trapeziform sinuate (reed canarygrass
only); scale bar = 10 mm.
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what most likely occurred in the wild
during 1814 to the 1930s.

PRESUMED STERILITY. Its popu-
larity as a colorful garden perennial,
plus the widespread, albeit incorrect,
belief that all horticultural loosestrife
cultivars were sterile caused con-
sternation among legislative bodies
attempting to enact legislation to
control invasive purple loosestrife as
a noxious weed. Initially the issue of
distinguishing horticultural cultivars
from the invasive purple loosestrife
populations proved futile, preventing
phenotypic distinction between inva-
sive populations and cultivars [or its
confusion with the now-defunct
loosestrife species, Lythrum virgatum
(Rendall, 1989)]. We engaged in
research (1989–91) to determine
whether the horticultural cultivars
were sterile, as that might be a distin-
guishing marker from the fertile, in-
vasive forms (Anderson and Ascher,
1993a).

All tested horticultural cultivars
proved to be fertile individuals, re-
gardless of species parentage, when
pollinated either with compatible
(from anthers of at the same height
as the female plant’s style) pollen
from wild purple loosestrife males
(from Minnesota and Wisconsin) or
incompatible self- or cross-pollen sour-
ces (Anderson and Ascher, 1993a).
All produced seed was viable with
30% to 100% germination. Occa-
sional escapes into nearby wetlands
also increased the opportunity for
niche establishment in disturbed hab-
itats (Anderson and Ascher, 1993a).
The thought that all cultivars were
sterile was proposed to be the result
of overlooking horticultural practices
of weed control (use of herbicides or
mulching). Weed control would have
effectively removed any seedlings sur-
rounding the cultivars or prevented
their germination (Anderson and
Ascher, 1993a), thus making the cul-
tivars appear to be sterile when this was
not the case. This research was the
basis for legislative action across North
America, with Minnesota being the
first state to enact restrictive legislation
against purple loosestrife as a noxious
weed (Rendall, 1989).

Lindgren and Clay (1993) sub-
sequently retested this theory by
planting ‘Morden Pink’ purple loose-
strife clones in three naturalized, in-
vasive stands of purple loosestrife.
They found that 83% of the seeds

were viable and obtained a 76% ger-
mination rate, also concluding that
‘Morden Pink’ was a viable hybrid
bridge among horticultural cultivars
and wild, invasive purple loosestrife
(Lindgren and Clay, 1993). Another
corollary study by Ottenbreit and
Staniforth (1994) again reconfirmed
the same phenomenon, with even
higher seed germination (mean =
98%), indicating that all horticultural
cultivars were fertile and warranted
control by legislative initiatives. In all
fertility studies, many of the direc-
tions of pollen flow proposed by
Anderson and Ascher’s (1994)
pollen-pistil-incompatibility system
linked with styly hypothesis were
confirmed.

CONCLUSIONS. Misunderstand-
ings of the historical spread of purple
loosestrife throughout the North
American continent during and be-
yond the 1814 to 1930s lag phase and
its sympatry with cross-compatible
relatives (winged loosestrife), allowed
for the subtle accumulation of adap-
tive genes for North American condi-
tions in this species. This, coupled
with spurious assumptions regarding
sterility of horticultural propagules,
the occurrence of introgression, and
breakdown of the compatibility sys-
tem, as well as differential biocontrol
by leaf-feeding beetles, demonstrate
the inherent complexities for control-
ling a highly evolved invasive species.
The morphological (diagnostic traits)
and molecular markers provided the
first evidence for introgressive hybrid-
ization between winged loosestrife
and purple loosestrife. Continuous
cultivation of interspecific horticul-
tural hybrid cultivars in disturbed
habitats (gardens) provided the po-
tential for continually backcrossing
with sympatric purple loosestrife pop-
ulations. Because both habitats occu-
pied by the F1 and purple loosestrife
are disturbed sites, the introgressive
hybrids could have established future
generations in either site. Introgres-
sive hybridization would be easily
accomplished because the F1 hybrid
parent is readily available for back-
crossing (primarily as a male parent,
and is grown as a cultivar in the home
garden). It is least likely that the F1
would have served as a female in the
garden sites because most gardeners
would have removed the seedlings. It
is highly likely that, given the propa-
gule pressure, similar introgressive

events have occurred throughout
North America (either with cultivated
or naturally occurring interspecific
hybrids), creating introgressive hy-
brids with adaptive advantages.

Reed canarygrass

BIOLOGY AND HISTORICAL SPREAD.
A cool season grass, reed canarygrass
is wind-pollinated and self-incom-
patible (Carlson et al., 1996), grown
both as a forage and ornamental
crop. Seeds float on top of water
and can travel long distances (Casler,
2010). The first reports of cultivating
reed canarygrass for forage in Europe
are 1749 (Sweden), 1806 (Europe),
1824 (England), and 1850 (Ger-
many) (Alway, 1931; Schoth, 1938).
In central Europe, reed canarygrass is
a common species in habitats along
watercourses (Ambros and �Stykar,
1999) and large river floodplains
(Hroudov�a et al., 2009) but is con-
sidered an archeophyte (predating the
Roman Empire) rather than being
invasive.

European individuals of reed can-
arygrass were repeatedly introduced to
North America for forage (Lavergne
and Molofsky, 2004), beginning in
the early 1800s [1834–35 inConnect-
icut and New Hampshire, respectively
(Harris, 1835; New England Farmer,
1834)]. Cultivation in the western
United States began in the Coquille
Valley (Coos County, OR) in 1885;
the original population was still grow-
ing in 1938 (Schoth, 1938). Many
large populations in Rocky Mountain
states and southern Canadian prov-
inces may have originated from native
stands that were avoided by herbivores
(Schoth, 1938).

During the course of the past
century, reed canarygrass has in-
creased its range in North America,
becoming one of the most invasive
plants in temperate North American
wetlands (Galatowitsch et al., 1999;
Kercher and Zedler, 2004; Lavergne
andMolofsky, 2004). This species has
a stronger impact on plant diversity
than does purple loosestrife (Lavoie
et al., 2005). In invaded wetlands,
reed canarygrass can form large
monospecific stands, reducing biodi-
versity of natives (Miller and Zedler,
2003) and occupying large wetland
areas (Zedler and Kercher, 2004). In
Minnesota andWashington, as well as
Qu�ebec, reed canarygrass is the dom-
inant species on 50% to 100% of
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wetland area (Galatowitsch et al., 1999).
Restoration of wetlands invaded by reed
canarygrass is prohibitive and difficult
due to its perenniality and the diffi-
culty of chemical control in wetlands
(Reinhardt Adams and Galatowitsch,
2005). Likewise, the extensive use of
reed canarygrass in revegetation pro-
grams counteracts restoration efforts.
For instance, soil conservation, shore-
line restoration and revegetation
programs have planted reed canary-
grass extensively (Figiel et al., 1995).
However, reed canarygrass rarely es-
tablishes in upland sites (Hender-
son, 1991).

BREEDING. The distribution of
reed canarygrass expanded in Qu�ebec,
Canada, during the early 1900s,
particularly during 1923–43, most
likely due to horticulture (LaVoie
et al., 2005). Road construction,
resulting in highway corridors, also
encouraged the spread of reed
canarygrass after 1950. Variegated
chimeras, preferred for ornamental
cultivars, were discovered in numer-
ous populations as early as 1812
(Alway, 1931) and 1846 (Presl,
1846) in Europe. In �1834, the
ornamental cultivar Picta was sold
in Qu�ebec, Canada (Guibault, 1834).
Of the herbarium specimens exam-
ined in Qu�ebec, more than 60% of
‘Picta’ specimens occurred in gardens
or roadsides (LaVoie et al., 2005) and
also occur as wild populations in
North America (Barkworth et al.,
2007).

Domestication of reed canary-
grass as a forage and ornamental crop
is relatively recent. Commercial orna-
mental and forage cultivars are only
one to two generations of selection
removed from the wild (Casler and
Undersander, 2006), such as the
Czech forage ‘Chrastava’ (Caga�s,
2008), which is genetically similar to
wild populations in the Czech Re-
public, based on intersimple sequence
repeats of DNA [ISSRs (Anderson
et al., 2016)]. Early forage cultivars
from a century ago were open-
pollinated seed derived from select
plants with important traits (Casler,
2010). High levels of seed dormancy,
seed shattering, and low seedling
establishment exist in many popula-
tions and were selected against in
breeding programs in both Europe
(Juntila et al., 1978) and the United
States in the early 1830s (Harris,
1835; New England Farmer, 1834).

More recent forage cultivars
were from plants with high produc-
tivity and perenniality (Casler, 2010).
Reed canarygrass breeding in the
United States began in Iowa during
the 1940s, right after the Dust Bowl
(Carlson et al., 1996). ‘Auburn’, ‘Su-
perior’, and ‘Ioreed’ were the result of
selection in breeding trials for traits of
interest (nonshattering, lack of seed
dormancy); most likely these are
‘‘land races’’ (Casler, 2010) from ei-
ther native North American sources
or exotic European types (Casler
et al., 2009). ‘Auburn’ and ‘Supe-
rior’, along with ‘Cana’ and ‘AR
Upland’, have DNA markers dis-
tinctly different from either North
American cultivars or European types
(Casler et al., 2009).

Probably the most-directed
breeding has focused on increasing
palatability by decreasing the indole
alkaloids (a class of alkaloids) such
that modern-day cultivars contain
only low amounts of gramine, the
alkaloid with the least effect on rumi-
nants (Casler, 2010; Coulman et al.,
1976). Low-alkaloid cultivars, such
as Palaton and Venture, have gradu-
ally replaced other older types
(Wittenberg et al., 1992). Although
forage and/or ornamental cultivars
were hypothesized for increased in-
vasiveness and spread of reed canary-
grass across the North American
continent (Merigliano and Lesica,
1998), this could not be substantiated
because some European collections
had comparable seed set and produc-
tivity as forage cultivars; this held true
for invasive types as well (Casler et al.,
2009; Jakubowski et al., 2011).

INTROGRESSION. There is little
evidence that introgressive hybridiza-
tion has been a causal factor in the
invasive spread of either native or
exotic reed canarygrass in North
America (Galatowitsch et al., 1999).
Although there are three other native
reed canarygrass species occurring in
northeastern North America (Gleason
andCronquist, 1991), there is a com-
plete lack of definitive research on
potential introgression of these spe-
cies with reed canarygrass. It is, none-
theless, still possible because all
grasses are wind pollinated and
reed canarygrass is self-incompatible,
which allows for seed production of
forage types (Casler and Hovin,
1984; Jakubowski et al., 2014). The
greatest impact that introgression

would have concerns hybridization
among native North American and
European types because the resulting
hybrid vigor would contaminate and
overcome the native population gene
pool (Vila et al., 2000).

NATIVE RANGE: MISUNDER-
STANDINGS. Numerous reports exist
of native North American reed canary-
grass populations. Dore and McNeill
(1980) considered populations oc-
curring along shorelines of the north-
ern Great Lakes, as well as potentially
those along the Ottawa and French
Rivers (Ontario, Canada), to be
native North American individ-
uals. Marten and Heath (1985)
delineated the species as being ‘‘in-
digenous’’ to the temperate climates
of all five continents. Merigliano and
Lesica (1998) posited that it is native
in interior sections of the western
portion of the North American con-
tinent. LaVoie et al. (2005) reported
native populations in remote areas of
Qu�ebec, such as Lake Mistassini and
Anticosti Island. Herbarium speci-
mens collected in 1825 resembled
diploid Corsican reed canarygrass
[Phalaris arundinacea ssp. rotgesii
(Merigliano and Lesica, 1998)].
Because native North American vs.
European types share identical ob-
servable traits (Dore and McNeill,
1980) and molecular markers were
not yet developed for reed canary-
grass, Carlton (1996) described reed
canarygrass as a cryptogenic species
because its origin could not be posi-
tively determined. Despite unverified
assertions that ‘‘reed canarygrass is
native to the northern half of the
United States.’’ and ‘‘native to the
temperate portions of Europe, Asia,
and North America’’ (Schoth, 1938),
invasion biologists and ecologists
have consistently postulated that reed
canarygrass is native to Eurasia and
introduced in North America. Un-
tested hypotheses for reed canary-
grass invasion in North America
(Lavergne and Molofsky, 2004)
encompassed introduction of culti-
vated types from Eurasia (Dore and
McNeill, 1980), hybridization of
Eurasian and North American popu-
lations (Lavergne and Molofsky,
2007), and/or release of competitive
hybrids from breeding programs
(Merigliano and Lesica, 1998).

NATIVE AMERICAN USES. Before
and during Euro American settle-
ments of North America, numerous
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Native American tribes in temperate
regions across the continent used
reed canarygrass to weave mats for
storing and drying roots/berries and
making baskets, peaked hats for
Indian doctors, fishing weirs, or
thatch wigwam (also known as wick-
iup, wetu) roofs (Densmore, 1974;
Kindscher and Noguera, 2002; N.
Lerman, unpublished; Turner et al.,
1980). Seeds of Carolina canarygrass
(Phalaris caroliniana) and bunch-
grass (Phalaris minor) were also
parched for food (Rea, 1991). In the
northwestern United States, leaves of
nonflowering reed canarygrass plants
were harvested along trails or rivers;
leaves were then steamed, dried,
and bundled until woven (Steltzer,
1976); similar techniques were most
likely used elsewhere across the
continent. The effects of transport
of woven objects or seeds/clones
throughout Tribal ranges during the
1800s on the spread of the grass are
unknown, although it could easily
have been spread via canoeing along
rivers and lakes, which were major
transportation corridors for Native
American tribes and French ex-
plorers. Future research may be de-
voted to analyzing core samples from
lakebeds for the pre-European occur-
rence of reed canarygrass to deter-
mine the extent of its native range.
This is possible with the discovery of
uniquely shaped, diagnostic phyto-
liths (small mineralized particles in-
side a plant) for reed canarygrass [Fig.
2 (Yost, 2007; Yost et al., 2013)].
The cores can be dated back to
�1850 CE with better than the de-
cadal resolution using the 210Pb
method [use of radioactive lead (Pb)
to assess the amount and type of
sedimentation]. Historic occurrence
of phytoliths has been used success-
fully for another native grass, manoo-
min or wild rice [Zizania palustris
(Yost et al., 2013)].

Early American maps by Veren-
drye in 1737, Thompson in 1814,
Long in 1823, and Pope in 1849 used
the term Roseau (French for ‘‘reed’’)
for the northern Minnesota river by
that name (Northwest Regional
Development Commission, 2014;
Prud’homme, 1916). Two ‘‘reed-
like’’ grasses, reed canarygrass, and
common reed (Phragmites commu-
nis), co-occur along the Roseau
River; the latter is called ‘‘Ga-shasha-
gunushkokawi-sibi’’ or ‘‘the-place-of-

rushes-river’’ in Ojibwe (Northwest
Regional Development Commission,
2014). We recently discovered from
reed canarygrass seed producers in
Roseau, MN, that an unplowed, pris-
tine field (part of the ancient Lake
Agassiz lakebed) was used to harvest
hay during the Dust Bowl era
(1930s) and sold throughout the
midwestern United States (R. Mag-
nusson, personal communication).
This field has never been plowed
and it remains �100% reed canary-
grass [Fig. 3 (N.O. Anderson, un-
published data)]. Transport of hay
from this field in the 1930s may have
caused its spread as an ‘‘invasive’’
across the midwestern United States
and Canada, particularly along high-
way corridors. Soon thereafter, in
the 1940s, reed canarygrass breed-
ing in Iowa began (Carlson et al.,
1996). Likewise, seed production
of reed canarygrass (particularly
‘Palaton’ and ‘Venture’) as well as
its relative, annual canarygrass (Phala-
ris canariensis), which is grown for
bird seed, commenced in Roseau,
MN, and continues to the present
day. Seed from these producers are
sold throughout North America,
Europe, and the rest of the world
(N.O. Anderson, unpublished data).

MOLECULAR ANALYSES. Initial
genetic testing that invasive reed
canarygrass were prevalent with
European cultivars that escaped cul-
tivation proved inconclusive (Gifford
et al., 2002). Neutral allozyme
markers (forms of an enzyme that
are structurally, but not functionally,
different), unique to French and
Czech reed canarygrass, co-occurred
with invasive North American popu-
lations (87% shared diversity; Lav-
ergne and Molofsky, 2007). Recent
molecular genetic analyses of early
historic (herbarium) specimens and
later with extant (living) individuals
confirmed the existence of native
North American populations across
the continent (Jakubowski et al.,
2011, 2013, 2014). Nelson et al.
(2014) determined that the popula-
tion genetic structure of wild, forage,
and ornamental European and North
American reed canarygrass harbored
a high amount of genetic diversity
within, as opposed to among, popu-
lations. Subsequent research has
reconfirmed this in additional popu-
lations (Anderson et al., 2018;
Nelson and Anderson, 2015). Thus,

range expansion of P. arundinacea in
North America is not a result of
hybridization among European, for-
age, and North American individuals
(Jakubowski et al., 2011) despite un-
substantiated theories to the contrary
(Lavergne andMolofsky, 2007). Cur-
rent molecular work focuses on single
nucleotide polymorphisms (nucleo-
tides are simple structural units of
DNA) to distinguish between native
North American and European types.
Research by Noyszewski et al. (2019)
furthers comparative molecular work
from historic and extant specimens.

HORTICULTURAL AND AGRONOMIC

PROPAGULE PRESSURE. The USDA
does not track the distribution and
quantities of reed canarygrass seed for
agronomic (forage; hay/haylage) and
horticultural propagules (floriculture;
herbaceous perennials) sold in the
United States; however, the quanti-
ties are likely to be large enough to
provide substantial propagule pres-
sure throughout North America and
the world. Roseau, MN, is the only
production site in the United States
for reed canarygrass seed (which is
sold worldwide) as well as annual
canarygrass for birdseed. In Canada,
Saskatchewan is the primary reed can-
arygrass producer (Statistique Can-
ada, 2001). This propagule pressure,
coupled with perenniality, wind pol-
lination, and cross pollination pro-
vides substantial opportunities for
gene flow within and among popula-
tions across the continent. Because
native populations exist in North
America and many horticultural cul-
tivars are mutants found in wild pop-
ulations, at least a portion of the
horticultural individuals would be na-
tives that could cross-hybridize with
native, wild stands. However, several
cultivars are European in origin
(Anderson et al., 2016), which would
allow for cross-compatible, cross-
contamination of any sympatric na-
tive populations.

SPREAD OF NATIVE TYPES IN

NORTH AMERICA. Based on the fre-
quency and type of herbaria speci-
mens deposited over time, LaVoie
et al. (2005) proposed that there
was a separate invasion window of
1923–43 for reed canarygrass in Can-
ada, which was the result of the
ornamental cultivar Picta. They posit
that nurseries in Montr�eal sold seeds
of this species from 1834 onward
(Guilbault, 1834), whereas forage
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cultivars were first licensed in 1959
for Canada, although distribution did
not occur until 1965 (Bittman et al.,
1980; Goplen et al., 1964). The
second invasion window in Canada
was during the period of 1963–78
with the pure species of reed canary-
grass (LaVoie et al., 2005). The latter
invasion window was hypothesized to
be caused by several factors associated
with high nutrient runoff from agri-
culture, expansive production of reed
canarygrass (especially low alkaloid
cultivars), building of highway corri-
dors, and changes in water levels
(LaVoie et al., 2005).

An additional hypothesis should
include the midwestern U.S. dispersal
of reed canarygrass. Our recent dis-
covery of the distribution of hay
across the midwestern United States
from the unplowed field in Roseau,
MN, during the Dust Bowl era war-
rants further investigations. In her-
baria across North America, reed
canarygrass specimens predating the
Dust Bowl (1930–40) are numerous,
frequently collected by explorer-
botanists (Jakubowski et al., 2011,
2014). Although its spread is docu-
mented in herbaria records, the
reasons for its widespread distribu-
tion are uncertain and even less is
known about the pre–Euro American

continental distribution of native reed
canarygrass or its uses by Native
American individuals. A more thor-
ough sampling of historic herbaria
specimens to correlate these with the
concurrent movement of Euro Amer-
ican settlers, the advent of commer-
cial seed production in Roseau, MN,
construction of enhanced highway
corridors, and increased nutrient
load from agricultural fields are all
additional factors that most likely
enhanced its spread across the mid-
western United States. Most impor-
tant, our additional findings that
Native American people across North
America used reed canarygrass in
weaving increases the likelihood of
native populations across the conti-
nent. This, coupled with the fact that
Euro American settlers, primarily
farmers and gardeners, introduced
cultivated forage and ornamental
types from Europe as well as spread-
ing native North America types on
multiple occasions across the conti-
nent, potentially resulted in hybrid
individuals, as well increasing its
range and/or local abundance. Wide-
spread planting of reed canarygrass
and human dispersal by both Native
American individuals pre-1940 and
Euro American settlers across North
America during the 1800s and

onward may have contributed to its
more recent predominance in wet-
lands as an invasive species. The ques-
tion remains, however, what the
impact of the spread of native, Euro-
pean, or their hybrids means for land
managers. Which types should be
controlled and how would these be
easily and cost-effectively identified?

Conclusions
Both purple loosestrife and reed

canarygrass are complex invasive spe-
cies that have had a series of historical
events that predicated their eventual
rise to ‘‘poster children’’ status as
North American invasive species. In
addition, because invasion is a trait
controlled by many genes (Anderson
and Galatowitsch, 2006; Anderson et
al., 2006a, 2006b), a host of interre-
latedmolecular, physiological, ormor-
phological changes evolved over time
to produce these historic invasions.
Long lag times also have been invoked
for both species, the history of which
involve a series of complex events,
both in the wild, in cultivation, or in
transportation infrastructure enhance-
ment that directly or indirectly gave
rise to a range of individual(s) capable
of rapid spread across theNorth Amer-
ican continent. Many lessons have been
learned, not least of which are to thor-
oughly investigate the history of each
species and their congeners, engage (as
appropriate) a teamof historians,Native
American individuals, transportation ex-
perts, geneticists, molecular biologists,
ecologists, evolutionary biologists, and
others to thoroughly examine critical
data for each species. Otherwise, scien-
tists, land managers, and regulators run
the risk of invasive species control de-
cision-makingbasedon incomplete data
sets that can effectively ‘‘throw out the
bathwater’’ while keeping the baby (in-
vasive species).
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