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Abstract Phragmites australis (common reed) is a wide-
spread perennial grass of wetland habitats, with cryptic native
and introduced subspecies in North America. We determined
the relative abundance of the subspecies and the distributions
of plastid DNA haplotypes throughout British Columbia,
Canada, at the northwestern distribution limit of common reed
in North America. Of 203 specimens assigned to subspecies
using molecular markers, we identified only 9 plants as the
introduced ssp. australis; all remaining samples were the na-
tive ssp. americanus. The two subspecies co-occurred at only
one locality. We identified four native haplotypes (one wide-
spread in British Columbia and three others more localized)
and two introduced haplotypes. Using plants of known hap-
lotype, we assessed the utility of different morphological traits
and trait combinations for distinguishing native and intro-
duced subspecies in this geographic region. No single mor-
phological trait was diagnostic, but principal components
analysis and identification indices based on combinations of
traits consistently separated the native and introduced subspe-
cies in our sample. Two- or three-trait combinations of ligule

length, lemma length and stem anthocyanic coloration gave
the best separation. These indices could reduce the need for
confirmation of the introduced subspecies using molecular
tools, facilitating efforts to monitor and control this invasive
plant.
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Introduction

Cryptic invasive species pose a particularly difficult problem
for the understanding and control of biological invasions
(Pyšek et al. 2013). Phragmites australis (Cav.) Trin. ex
Steud., the common reed, is a cosmopolitan perennial grass
occurring in a range of wetland habitats. In North America
these include pond and lake margins, estuaries, salt marshes,
roadside ditches, road and rail right-of-ways, and wetter
microsites in agricultural fields. The species spreads vegeta-
tively by rhizomes and can form extensive swards, but also
establishes readily by seed (Brisson et al. 2008; McCormick
et al. 2010; Kettenring et al. 2012) and may be favored by
anthropogenic disturbance.

The species has been present in North America for thou-
sands of years, as indicated by fossil evidence (Orson 1999).
However, it has greatly increased in abundance during the last
150 years, especially in the eastern part of the continent.
Saltonstall (2002) showed that P. australis in North America
consisted of both native and introduced races. The introduced
form was first documented in North America in the 1870s
(Meyerson et al. 2009), and subsequently became widespread
and abundant; it is now considered an important invasive
grass in many North American wetlands.
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Phragmites australis is highly variable worldwide with
multiple races, some of which have been formally described
as varieties or subspecies. Although currently there is no gen-
eral agreement on the disposition of infraspecific taxa over
much of the geographic range, commonly recognized segre-
gates ofP. australis in North America include ssp. americanus
Saltonst., P.M.Peterson & Soreng (Saltonstall et al. 2004) and
ssp. berlandieri (E.Fourn.) Saltonst. & Hauber (Saltonstall
and Hauber 2007). The remaining North American material
not included under the above names, though often referred to
only as introduced or European P. australis, is generally treat-
ed in North American floras and checklists as ssp. australis. In
the absence of taxonomic consensus, we use these three names
for convenience in this paper. Two of the forms, the native ssp.
americanus and the introduced ssp. australis, are widespread
in North America. The third, ssp. berlandieri, is an introduced
race of possibly hybrid origins (Lambertini et al. 2012b) that is
restricted to the southern USA, occurring primarily along the
Gulf Coast (Lambertini et al. 2006, 2012a).

The two widespread subspecies in North America have
slight morphological differences, but overlap to some degree
in most or all of their traits and are therefore difficult to tell
apart in the field. To address the problem of identification,
Saltonstall (2002, 2003a, 2003c) surveyedmolecular variation
in two plastid DNA noncoding regions and demonstrated that
the two subspecies are readily distinguished using these
markers. She identified 27 distinct haplotypes worldwide
using these DNA regions, of which 11 were found to be native
to North America (ssp. americanus). In contrast, all samples
of ssp. australis in North America were of a single haplotype,
M (Saltonstall 2002, 2003a). Comparisons of DNA samples
from herbarium specimens with samples from extant popula-
tions (Saltonstall 2002) indicated that before 1910 the intro-
duced haplotype M (and thus ssp. australis) was rare in North
America, and that over the last 150 years it has dramatically
increased in abundance, displacing the native subspecies in
many areas and spreading into habitats where the species
was previously uncommon or absent. This introduced lineage
initially became established along the eastern seaboard of the
USA (Saltonstall 2002), most likely originating from Europe
(Plut et al. 2011; Lambertini et al. 2012b). From there it has
spread widely in eastern and southern North America. It has
also increased in the west, especially in disturbed areas
(Lambert et al. 2016).

Genetic surveys to date show that although the introduced
haplotype M is prevalent across North America, other intro-
duced haplotypes are locally abundant. At least three distinct
introduced lineages have been found along the Gulf Coast
(Saltonstall 2003a; Hauber et al. 2011; Lambertini et al.
2012a). In southwestern North America, introduced
P. australis is abundant in some areas (Kulmatiski et al.
2010; Lambert et al. 2016) but remains less common than
the native subspecies. Lambert et al. (2016) reported two

previously unknown Asian haplotypes from the southwest,
as well as the widespread haplotype M. Microsatellite DNA
markers are variable among introduced populations, suggest-
ing that even haplotype M populations may have originated
from several sources; current evidence (Meyerson and Cronin
2013) suggests that new introductions of P. australis are con-
tinuing to arrive and become established in North America.

Because interfertility might be expected between the native
and introduced subspecies of P. australis, co-occurrence and
hybridization are of possible concern in the control of the
introduced subspecies, as this offers a potential pathway for
invasive characteristics to enter native populations. Hybrids
have rarely been reported, but do occur where the native and
introduced subspecies are found together (Saltonstall et al.
2014; Wu et al. 2015). Hybridization may be especially likely
in anthropogenically disturbed wetlands, and some hybrids
appear to be of very recent origin (Lambert et al. 2016;
Saltonstall et al. 2016).

Although P. australis has been well studied in southern and
eastern USA and in eastern Canada, the distributions of the
introduced and native subspecies are less well documented in
the northwestern part of the continent. Here we evaluate mo-
lecular and morphological variation in P. australis at its north-
western extent in North America. Our objectives were to: 1)
determine the locations and abundance of introduced forms of
P. australis in western Canada, as well as the distributions of
native DNA haplotypes; and 2) analyze morphological differ-
ences between native and introduced subspecies using plants
of known DNA haplotype, in order to devise indices that
could be useful for identifying the subspecies in the field.

Methods and Materials

Plant Sampling

Samples for this study were collected from populations
throughout British Columbia in 2012 and 2014, in association
with ongoing invasive species monitoring. Sampling was car-
ried out in all accessible localities where common reed was
known to occur, and as far as possible all distinct clones in an
area were sampled. We obtained DNA sequence data from
189 leaf samples taken from these populations (listed in
Table S1). To examine historical collections of P. australis
(1975–2012; Table S1), we also sequenced leaf material from
14 herbarium specimens at the Royal British Columbia
Museum (V).

DNA Analyses

DNAwas extracted from silica-dried leaves or pressed speci-
mens using a modified CTAB method (Doyle and Doyle
1987) or the Phire Plant Direct PCR kit (Thermo Fisher
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Scientific, Waltham, MA, USA).We amplified and sequenced
the two plastid DNA (pDNA) regions, the trnT-trnL and rbcL-
psaI spacers, identified as diagnostic by Saltonstall (2002,
2003a). For the trnT-trnL region, we used forward primer a
with reverse primer b (Taberlet et al. 1991); for the rbcL-psaI
spacer, we used forward primer rbcL with reverse primer psaI
(Saltonstall 2002). For all DNA regions, PCR amplification
was performed in 50 μL volumes with the following reagents:
5 μL template DNA (1:10 dilution), 5 μL 10X PCR Buffer,
5 μL 2 mM dNTPs, 0.25 μL Taq DNA polymerase
(Invitrogen, Carlsbad, California, USA), 2.5 μL of 5 μM of
each primer and 1.5 μL 100X BSA (New England Biolabs,
Ipswich, Massachusetts, USA). We carried out all PCR using
Techne TC-312 thermal cyclers. The standard PCR protocol
for amplification of the two chloroplast DNA regions was
3 min at 94 °C, 30 cycles of 94 °C for 30 s, 50 °C for 1 min,
and 72 °C for 1 min, with a final 5 min at 72 °C. For samples
analyzed using the Phire Plant Direct PCR kit, the PCR am-
plification protocol for the trnT-trnL region was 5 min at
98 °C, 40 cycles of 98 °C for 5 s, 60 °C for 5 s, and 72 °C
for 20 s, with a final 1 min at 72 °C; for the rbcL-psaI region,
the PCR amplification protocol was 5 min at 98 °C, 40 cycles
of 98 °C for 5 s, 56 °C for 5 s, and 72 °C for 20 s, with a final
1 min at 72 °C. All samples were sequenced in both forward
and reverse directions using the amplifying primers. PCR
products were purified before sequencing using the
QIAquick PCR Purification Kit (Qiagen, Valencia,
California, USA). DNA sequencing was carried out by
Macrogen Inc. (Seoul, Korea). Sequences representing the
distinct genetic variants found in this study are deposited in
GenBank, with accession numbers of KY765930-KY765935
for the trnT-trnL region and KY765924-KY765929 for the
rbcL-psaI region. Sequences were aligned using ClustalX
(Thompson et al. 1997) and Jalview (Waterhouse et al.
2009). The two DNA regions were concatenated into a single
combined sequence for each sample. We constructed unrooted
haplotype networks using the statistical parsimony software
TCS v. 1.21 (Clement et al. 2000) for all complete sequences
in our data set, together with accessions downloaded from
GenBank for other haplotypes for which complete sequences
were available. All indels were coded as single-gap traits for
the analyses. Separate runs were carried out with repetitive
DNA (microsatellite) sequence variation (Saltonstall 2016)
either included or excluded. The distributions of individual
native and introduced haplotypes were mapped using
Mappad 2.0 (http://www.ncdc.noaa.gov/paleo/softlib.html).

Morphological Measurements

Morphological measurements were taken from plant speci-
mens collected in late summer (during flowering or soon af-
ter). Only specimens in good condition were measured. All
plants used for morphological measurement were voucher

specimens of known molecular haplotype; each voucher
consisted of a complete single culm with associated leaves
and inflorescence. We obtained measurements from 42 spec-
imens of ssp. americanus and 6 specimens of ssp. australis.
The traits that were used (Table 1) included features of the
inflorescence, spikelets, florets, leaves and culm. Traits were
selected for ease of measurement with minimum damage to
voucher specimens, and included features previously used to
separate the introduced and native subspecies (Saltonstall
et al. 2004; Catling et al. 2007; Swearingen and Saltonstall
2010). We excluded some traits that have been suggested as
useful but were difficult to evaluate in the available voucher
specimens (e.g., attachment of leaf sheath, leaf color,
presence/absence of fungal spots on culms). Measurement
details for individual traits are as follows.

Spikelets (Glumes and Lemmas) Five spikelets were select-
ed at random from the inflorescence of each voucher. Lengths
(in mm) of the first (lower) glume, second (upper) glume, and
a lemma (the lowest lemma except where damaged or absent,
in which case another lemma was used) were measured for
each spikelet.

Inflorescences Inflorescence length was measured from the
lowest branch attachment point to the inflorescence tip.
Inflorescence branch length was measured on a branch select-
ed at random from the second-lowest branch cluster of each
inflorescence; the branch was measured from its attachment
point to the tip.

Leaves (Blades and Ligules) Leaf blade length (cm) and
maximum width (cm) were measured on the uppermost five
consecutive leaves of each specimen (omitting leaves with
damaged tips). Ligule lengths (measured to the nearest
0.1 mm), including the membranous portion but excluding
divergent hairs of the hairy fringe, were measured at the mid-
point and margin on the same five leaves.

Culm Surface and Coloration Culm surfaces varied from
shiny and smooth to dull and rough with longitudinal ridges.
Culm surface texturewas ranked on a scale of 1–5 (1= smooth;
5 = rough/ridged). Culm coloration (presence of reddish to
purple anthocyanins), which occurred on exposed stem inter-
nodes not covered by leaf sheaths, varied from absent to ex-
tensive. Coloration was scored on a scale of 1–4 (1 = pigmen-
tation absent; 2 = pigmentation slight and limited to less than
1/3 of the internode; 3 = pigmentation moderate over 1/3 or
more of the internode; 4 = pigmentation very dark over most
of the internode).

Wetlands (2017) 37:819–827 821

http://www.ncdc.noaa.gov/paleo/softlib.html


Morphological Analyses

Means and standard deviations of all traits were calculated
separately for specimens of introduced and native DNA hap-
lotypes. Traits measured on multiple structures per plant (all
spikelet and leaf traits) were averaged to give a single value
per plant for purposes of comparisons among individual
plants. Trait distributions were assessed for their degree of
overlap and their utility in distinguishing the introduced from
the native subspecies.

Principal components analyses (PCA) were carried out
based on various combinations of morphological traits. Trait
correlations were assessed using Pearson’s correlation coeffi-
cient; some highly correlated traits were subsequently omitted
from analysis. The final PCAwas based on 11 traits (Table 1),
including all those commonly used to distinguish the subspe-
cies. All analyses were carried out using Statistix v. 9
(Analytical Software, Tallahassee, Florida, USA).

Combinations of the traits that showed greatest divergence
between subspecies were assessed to determine whether a
multiple-trait index could be developed to help in
distinguishing the subspecies in the field. For each plant, ID
indices were calculated as follows: (1) each individual trait
value was scaled between 0 and 1, using the maximum and
minimum trait values in the data set (scaled trait value = the
difference between the observed individual value and the min-
imum value, divided by the difference between maximum and
minimum values); (2) the scaled values were averaged for the
included traits, then multiplied by 10 to give an index on a
scale of 0 to 10. Maximum and minimum values used in these
calculations were taken directly from the entire range of
values over all specimens (native and introduced) for each trait
in our morphological data set. We calculated several different
indices based on various combinations of the following traits:

lower and upper glume length, lemma length, ligule length at
the centre, length of uppermost leaf, and culm color score. The
distributions of the resulting indices were then examined for
overlap between the two subspecies.

Results

Occurrence of Introduced and Native Haplotypes

On the basis of sequence data from 203 plants, we identified 6
plastid DNA haplotypes in British Columbia (Fig. 1). Four of
these haplotypes (A, B, D, E) were native and two (L,M) were
introduced. The sequences for all haplotypes matched previ-
ously published sequences in GenBank.

The native subspecies of P. australis (ssp. americanus) was
found to be much more common in British Columbia than the
introduced subspecies (Fig. 2a, b). Haplotype E, which is
widespread elsewhere in Canada and in the northern USA,
was the most abundant native haplotype. The remaining three
native haplotypes were more localized in British Columbia
(Fig. 2a). Haplotype A was found only on southern
Vancouver Island in southwestern British Columbia.
Haplotype B was found only in the Rocky Mountain Trench
of southeastern British Columbia, and haplotype D was found
only in the south Okanagan Valley of south-central British
Columbia. Haplotypes B and D both co-occurred with the
common haplotype E.

Introduced haplotypes were found in only 9 plants from 7
localities (Fig. 2b; Table S1). All of these belonged to the
common introduced haplotype M, except for one Vancouver
Island sample with variegated leaves which was identified as
haplotype L (Fig. 2b). Only one herbarium specimen (collect-
ed near Vernon, B.C in 2006) was of a non-native haplotype

Table 1 Morphological trait variation in specimens of introduced and native Phragmites australis from British Columbia, Canada: mean, standard
deviation (sd) and ranges of trait values (based on within-plant averages of multiple measurements per plant)

Variable name Code Introduced Native

Mean ± sd Range Mean ± sd Range

1 First (lower) glume length (mm) Glum1avg 3.4 ± 0.5 2.6–3.9 4.2 ± 0.7 3.1–5.9

2 Second (upper) glume length (mm) Glum2avg 5.5 ± 0.7 4.7–6.6 6.6 ± 0.8 5.1–8.0

3 Lemma length (mm) Lemavg 8.9 ± 0.8 7.8–9.8 10.6 ± 1.1 8.7–12.6

4 Ligule length (centre), mm LigavC 0.3 ± 0.1 0.2–0.6 0.8 ± 0.2 0.5–1.1

5 Ligule length (margin), mm LigavM 0.2 ± 0.0 0.2–0.3 0.4 ± 0.2 0.3–0.8

6 Culm purple color (1 = none to 4 = darkly pigmented) clmcol 1.5 ± 0.5 1–2 3.2 ± 1.2 2–4

7 Inflorescence length (cm) Infllen 28.2 ± 12.4 16.3–49.4 22.6 ± 5.9 9.8–35.1

8 Inflorescence branch length (cm) Inflbran 13.6 ± 5.5 7.3–21.8 13.1 ± 3.9 6.5–21.3

9 Leaf length (cm) LfavL 42.1 ± 12.1 25.8–56.7 30.2 ± 6.1 18.8–40.8

10 Leaf width (cm) LfavW 2.2 ± 0.8 1.2–3.1 1.9 ± 0.4 1.0–2.7

11 Culm surface/presence of ridges (1 = smooth to 5 = ridged) clmsmoo 3.3 ± 1.2 2–5 1.8 ± 0.8 1–4
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(M); resampling at this locality in 2012 yielded the same hap-
lotype. Eight of nine plants of introduced haplotype were from
small populations and did not co-occur with native haplo-
types. The exception was a single sample from the south
Okanagan Valley, which was found in association with exten-
sive populations of the native subspecies.

Morphological Differences between Subspecies
of P. australis

Means, standard deviations and ranges of variation for the 11
individual morphological traits used in the PCA (Table 1) in-
dicate overlap between introduced and native groups in most
traits. Nevertheless, several traits were sufficiently well differ-
entiated between the subspecies to be of value in separating
them (Fig. 3a-e). Introduced Phragmites australis ssp.
australis had smaller flower parts on average, including small-
er lower and upper glumes (Figs. 3a,b) and smaller lemmas
(Fig. 3c). It also had shorter leaf ligules (Fig. 3d). Culms of the

introduced subspecies had little or no purple pigmentation,
whereas those of the native subspecies tended to be moderate-
ly to strongly pigmented (Fig. 3e). Inflorescence and leaf size
traits were less diagnostic, and broadly overlapped. Leaf
length and width both averaged somewhat larger for the intro-
duced subspecies, but varied with leaf position and were high-
ly variable overall (Table 1; supplementary Figs. S1, S2).

Principal components analysis (PCA) using the 11 mor-
phological features showed a clear overall differentiation of
the native and introduced subspecies based on specimens
identified by molecular haplotype, especially along the first
axis (Fig. 4). However, the two subspecies were not strongly
separated in the PCA (Fig. 4), a reflection of the high degree of
overlap in some of the measured traits. The first PCA axis
(PCA1) captured 41% and the second PCA axis (PCA2)
23% of the total variation in the data set (64% for the two axes
combined). Both axes included multiple variables with high
loadings (absolute value >0.3). The highest-loading variables
were ligule length at midpoint and inflorescence branch length
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on PCA1, and first glume length on PCA2. Individual variable
loadings on each axis are given in supplementary Table S2.

We derived two ID indices (Fig. 5) using the traits that
showed greatest divergence and least overlap between the
two P. australis subspecies (lemma length, ligule length and
culm color). The best separation of the subspecies was obtain-
ed using vegetative or a combination of vegetative and floral
traits. Index 1 (Fig. 5a), based only on the two vegetative traits
(ligule length, culm color), varied from 0.6–3.1 for ssp.
australis and 4.3–9.7 for ssp. americanus. Index 2 (Fig. 5b),
based on these two vegetative traits and one floret trait (lemma
length), ranged from 0 to 2.5 for ssp. australis and 3.9–9.9 for
ssp. americanus. These two indices clearly differentiated the
specimens in our sample.

Discussion

Native and Introduced Phragmites australis in British
Columbia

Molecular analyses confirm that almost all populations of
P. australis in British Columbia are the native subspecies, a
pattern previously reported by Catling and Mitrow (2011)
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based on morphological determination of Canadian
Phragmites populations. Of the four native haplotypes of
Phragmites australis we identified, the most common (haplo-
type E) was reported from British Columbia in previous work
(Saltonstall 2003) and is widespread across the northern USA
and in central Canada. The other three, though not previously
reported from British Columbia, have been documented from
adjacent regions (Saltonstall 2003). Haplotype A, which we
found on southern Vancouver Island, is also known from across
the western USA (northern Washington to the Rocky
Mountains). Haplotype B, reported here from southeastern
British Columbia, occurs also in the western USA, extending
to the Great Plains. Haplotype D, which we found in the south-
ern Okanagan Valley, also occurs in Oregon and Montana.

The introduced subspecies is still uncommon in British
Columbia, in contrast with its abundance in parts of eastern
North America where it has often displaced the native subspe-
cies. With the exception of a single occurrence of haplotype L,
all samples of introduced P. australis were of the previously
reported haplotype M, with sequences identical to those pre-
viously reported by Saltonstall (2002). This suggests that they
are likely the result of westward spread from existing popula-
tions and are not novel introductions. The single specimen of
haplotype L was a variegated specimen collected from the
margin of a landscaped pond on private property, and was
probably planted. This haplotype corresponds to microsatel-
lite variant L1 reported by Lambertini et al. (2012b). It is
widespread in Europe, but in North America it has only been
reported previously from a locality in Quebec (Meyerson and
Cronin 2013).

Differentiation of the Subspecies

Our analyses of morphological variation in specimens from
British Columbia extend earlier work (Saltonstall et al. 2004)
that was based on 21 specimens identified to molecular hap-
lotype. We show that measurements from selected combina-
tions of vegetative and floral traits can be used to identify the
subspecies of Phragmites australis with considerable confi-
dence, even if individual traits are not diagnostic. Although
the rarity of the introduced subspecies in British Columbia
limited our sample size in this study, and larger sample sizes
will likely show greater morphological overlap between the
subspecies, the ranges of variation reported here for these
traits are similar to those described previously (Saltonstall
et al. 2004; Swearingen and Saltonstall 2010). Catling and
colleagues (Catling 2007; Catling et al. 2007; Catling and
Mitrow 2011) have discussed which traits are most useful
for separating the subspecies; they identified ligule length,
stem anthocyanin coloration and glume length as particularly
helpful. Our findings generally agree with their conclusions.
We found (confirming the results of Saltonstall et al. 2004)
that lemma length (included here in Index 2) contributed to
better separation of subspecies than did glume length, but
since the glumes persist after flowering, the latter trait is useful
for identifying late-season specimens that have shed their
florets.

The two subspecies of P. australis remain sometimes diffi-
cult to identify with complete certainty. All of the traits used in
this study vary within plants and perhaps geographically, and
are subject to possible measurement error. Some traits (e.g.,
culm color) can be difficult to assess objectively, especially in
winter material. For greater accuracy in assigning specimens
to subspecies using the indices described here, it is preferable
to use specimens in good condition and to average multiple
measurements from a specimen where possible. For size de-
termination of small structures (glumes, lemmas, ligules), a
hand lens or microscope may be needed. However, we show
that the morphological traits we used here can be combined
quantitatively to provide more accurate identification of the
introduced and native subspecies. A small fraction of speci-
mens may be morphologically intermediate and require mo-
lecular analysis for positive identification; this could especial-
ly be the case where hybridization is suspected. Nevertheless,
the use of a quantitative index can greatly reduce the necessity
for confirming identification with molecular methods, thus
saving time and resources.

Prospects for Spread of P. australis ssp. australis
in Northwestern North America

The phylogeographic history of P. australis is complex
(Lambertini et al. 2006, 2012b), with recent evidence indicat-
ing multiple introductions of non-native haplotypes in North

ligule,
stem color

introduced na ve a)

Index 1

ligule,
lemma,
stem color

introduced na ve b)

Index 2

Fig. 5 Separation of native and introduced subspecies of Phragmites
australis using two identification indices based on combined scaled
values of selected morphological traits. Introduced = ssp. australis;
native = ssp. americanus. a) Index 1 (= ligule length + culm color) for
non-flowering specimens; b) Index 2 (= ligule length + lemma length +
culm color) for flowering specimens. See text for details of trait measure-
ments and index calculations
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America (Hauber et al. 2011; Lambertini et al. 2012a;
Meyerson and Cronin 2013; Lambert et al. 2016). Although
the chloroplast haplotype M is the most widespread intro-
duced form in North America, it is associated with multiple
nuclear genotypes (Saltonstall 2003b). We identified all non-
native samples in British Columbia as haplotypeM, except for
one sample of haplotype L (variant L1) which is probably an
escaped cultivated form. This population has not increased
over several years and appears not to be strongly invasive
(K.L. Marr, personal observation).

Recent evidence confirms that the native and introduced
races of Phragmites australis can hybridize (Meyerson et al.
2010; Paul et al. 2010; Meyerson and Cronin 2013; Saltonstall
et al. 2014; Wu et al. 2015). Because Phragmites propagates
within populations extensively by rhizomatous spread and
seedlings may not be common in established stands, the two
subspecies have been considered not to hybridize to any great
extent. However, this may vary by region. Saltonstall et al.
(2016) report extensive occurrence of hybrids in disturbed wet-
lands of southern Nevada. The occurrence of hybrids (even
rarely) is a potentially important consideration in managing
invasive populations. The possibility exists that invasive char-
acteristics could enter native populations through hybridization,
although in most parts of the continent this is not yet a serious
concern. In our study, co-occurring specimens of the introduced
and native subspecies were identified from only a single local-
ity (at this site the native subspecies was abundant but the
introduced haplotype was represented by only a single clump).

The introduced subspecies is now the most common form
in much of the eastern US (Saltonstall 2003a), implying that
native haplotypes have been displaced. Non-native
Phragmites australis has had major adverse effects on wet-
lands in eastern North America, and is a threat to various other
wetland species (Vasquez et al. 2005, 2006; Meyerson et al.
2009) as well as to the native subspecies. Its initial introduc-
tion along the Atlantic coast has been followed by continued
gradual expansion over many decades (Saltonstall 2002), sug-
gesting that it will eventually become abundant across the
continent (Catling and Mitrow 2011). The non-native form
may have benefitted from Becological escape^ from herbi-
vores and pathogens on its continents of origin (enemy-release
hypothesis; Cronin et al. 2015). However, recent genetic and
ecological work also indicates that the subspecies differ eco-
logically (Kirk et al. 2011; Wu et al. 2015). Trends toward
global warming may favor the introduced subspecies (Guo
et al. 2013), but under some circumstances the native subspe-
cies may have greater potential for vegetative spread than the
introduced subspecies, especially further north (Douhovnikoff
and Hazelton 2014; Cronin et al. 2015). Wu et al. (2015)
showed that ssp. americanus occupies lower-salinity habitats
than ssp. australis, and remnant populations of the native sub-
species appear to retain considerable genetic variability
(Saltonstall 2011). Climate warming and the direct effects of

human activities (e.g., clearing of wetland habitats or eutro-
phication of marshlands) may increase the success of intro-
duced Phragmites australis (Kirk et al. 2011; Wu et al. 2015),
which appears to require disturbance for seedling establish-
ment (Kettenring et al. 2015). However, P. australis is a wet-
land species and tends to occur more sporadically in drier
climates, particularly in inland habitats. This may limit spread
of the introduced form in summer-dry climatic regimes of
western North America, providing time for the implementa-
tion of control measures.

Conclusions

The introduced form of the wetlands grass Phragmites
australis is still uncommon in the northwest part of the species
range in North America, in contrast to other regions of the
continent. This may be a transient phenomenon, or may in part
reflect ecological differences between native and introduced
subspecies of this grass. We show that quantitative indices
based on combinations of morphological traits can be used to
distinguish the two subspecies with substantial confidence, re-
ducing the need to confirm ID using molecular methods.
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