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Regional and Local Genetic Variation in
Japanese Stiltgrass (Microstegium

vimineum)
Theresa M. Culley, Cynthia D. Huebner, and Ari Novy*

Nonnative M. vimineum has been expanding rapidly in the eastern United States, where it can negatively affect plant

communities. Locally, the species is assumed to spread from roadsides into nearby forests, where it can form dense

populations after disturbances, especially in light gaps. Using microsatellite markers, we quantified patterns of

genetic variation and structure among populations at nine sites in West Virginia. We then examined patterns of local

dispersal within each population, focusing on subpopulations along the roadside, those coalescing nearby along the

forest edge, and subpopulations in the interior forest. We found that levels of genetic variation of M. vimineum were

relatively low overall across populations but with genetic structure present among populations (Fst¼ 0.60). Within

populations, subpopulations along the roadside were genetically variable, containing 4 to 22 unique, multilocus

genotypes. Many of these genotypes were also identified in the adjacent forest, consistent with local, diffusive spread

from the roadway. However, several genotypes in the interior forest were unique to the population, indicating that

dispersal from other sites may also occur. Overall, it appears that genetic diversity and structure in M. vimineum
reflects a variety of processes, including localized dispersal and long-distance migration.

Nomenclature: Japanese stiltgrass, Microstegium vimineum (Trin.) A. Camus.

Key words: Genetic structure, invasive, local dispersal, microsatellites.

Understanding the beginning stages of the spread of a
newly introduced plant species is critical for biologists
studying invasion dynamics and for land managers
concerned with eradication or control of invasive weeds
in their natural areas. Both the rate and pattern of spread
can be instrumental in determining whether an introduced
species has the potential to become invasive and ultimately
exert ecological and economic effects on the environment.
For example, weed risk assessments often incorporate
questions dealing with propagule dispersal or aggressiveness
of spread (e.g., Fox et al. 2008; NatureServe 2004;
Pheloung et al. 1999). Newly invading species are generally
considered to spread across suitable habitats in the
landscape in either a locally dispersed, stepwise fashion

(diffusion) or through long-distance dispersal events
(saltation) at the front of an advancing wave (Davis and
Thompson 2000; Sakai et al. 2001; Smith et al. 1999),
with infill progressing from the colonization points. The
type of spread depends in part on reproductive output,
method of propagule dispersal, and establishment ability.
Understanding how the spread of an invasive species occurs
at a local scale is critical to creating effective management
strategies for newly invading species. For example, if initial
spread in a locality is observed to be rapid and expansive,
aggressive eradication and control efforts can be started in
other nearby areas to prevent further invasion.

Microstegium vimineum is a rapidly spreading invasive
plant affecting at least 24 states primarily east of the
Mississippi River in the United States (USDA 2016). This
shade-tolerant, C4 annual grass is found in disturbed
(Eschtruth et al. 2006; Marshall and Buckley 2008b;
Orwig and Foster 1998), managed (Marshall and Buckley
2008a; Oswalt et al. 2007), and relatively undisturbed
forests (Barden 1987; Horton and Newfeld 1998;
Huebner, 2007; Winter et al. 1982), with specific niche
requirements (see Warren et al. 2011 for a review).
Although herbicide and manual control can be effective
(Flory 2010; Flory and Lewis 2009; Ward and Mervosh
2012), M. vimineum cover in untreated plots can reach
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. 90% with 590 to 1,160 seedlings m�2 (55 to 108
seedlings ft�2) (Ward and Mervosh 2012). These extensive
mats can reduce native species richness in invaded areas
(Adams and Englehardt 2009; Flory and Clay 2010a;
Oswalt et al. 2007), change soil nutrients and pH
(Ehrenfeld et al. 2001; Kourtev et al. 1998, 1999; McGrath
and Binkley 2009), and reduce native plant and arthropod
diversity (McGrath and Binkley 2009; Oswalt et al. 2007;
Simao et al. 2010). Native tree and herbaceous species
regeneration has been slowed in the presence of M.
vimineum and its extensive thatch (Aronson and Handel
2011; Flory and Clay 2010a,b; Webster et al. 2008). M.
vimineum may potentially be allelopathic (Pisula and
Meiners 2010) and gain a competitive advantage over other
plant species in the presence of white-tailed deer (Eschtruth
and Battles 2008). Its seed production can be prolific but is
often quite variable—a single tiller can reportedly produce
between 3 (Gibson et al. 2002) and 70 seeds (Cheplick
2005), depending on environmental conditions and
climate. A single plant has been documented as having
anywhere between 5 and 13 tillers, depending on the site
(Gibson et al. 2002). A persistent seed bank is common,
with seeds remaining dormant in the soil for up to 3 yr
(Barden 1987; Gibson et al. 2002).

At a given site, a population of M. vimineum is
hypothesized to form as seed or propagule dispersal occurs
from roadsides to the forest edge and eventually into the
forest itself, creating a series of subpopulations potentially
in a source–sink relationship (Warren et al. 2011). For
example, M. vimineum often first becomes established in
disturbed, sunny, and often wet corridors, such as along
roads or skidtrails of harvested forests, and then, appears in
adjacent undisturbed sites, such as shady forests. Most of
the seed from a given plant is not dispersed by wind but,
instead, falls within 1 m (3.3 ft) of the parent plant
(Huebner 2010a; Rauschert et al. 2010), although long-
distance dispersal may also occur (e.g., Anderson et al.
2013; Christen and Matlack 2009).

The coalescing subpopulations of M. vimineum plants in
the forest edge, which develop perpendicularly from the
larger roadside population, suggest that each subpopulation
is composed of individuals that originated from one or
more roadside individuals. The lack of coalescence
occurring farther into the forest interior, where individual
plants occur, suggests that simple spread by diffusion is
slow. It is also possible that individual plants in the forest
interior originate from long-distance dispersal events,
especially when dispersed via vectors that physically and
inadvertently move the seed or soil containing the seed long
distances (e.g., floods, people, equipment, or animals;
Warren et al. 2011). This type of two-phase dispersal,
consisting of long-distance dispersal to a new site followed
by short-distance, localized dispersal, may be an important
mechanism behind the rapid expansion of this plant
(Anderson et al. 2013; Barden 1987). Long-distance
dispersal of M. vimineum may predominantly occur along
corridors, such as roads and rivers (Mortensen et al. 2009),
and may also be episodic in time (Miller and Matlack
2010). Higher genetic diversity may be associated with
long-distance dispersal, compared with short-distance
dispersal, assuming that not all new populations originate
from the same source or that selection is occurring at the
different sites, which presumably differ environmentally. If
spread into forests is dependent on diffusion from adjacent,
invaded roadside corridors (i.e., a local or short-distance
process) and mutation rates are low, one would expect
equal or less genetic diversity in the forest-interior plants
compared with the adjacent roadside subpopulation, the
original source.

Genetic variation in M. vimineum is also likely
influenced by its breeding system. The species exhibits
mixed mating, involving chasmogamy (florets are located
in open inflorescences that are facultatively outcrossed) and
cleistogamy (florets located in the closed sheaths of the
internodes and are self-pollinated). Individual M. vim-
ineum plants growing along roadsides are much taller
(about 1 m) and produce larger chasmogamous (CH)
inflorescences as well as more cleistogamous (CL) seeds

Management Implications
Our research highlights the importance of evaluating local and

regional patterns of genetic diversity when defining management
strategies of an invasive plant. Microstegium vimineum has low
genetic diversity, which could potentially make it susceptible to
disease or unable to adequately respond to other stochastic events.
Despite this paucity of diversity, M. vimineum has evolved within
its invasive range, and the presence of at least one effective
pathogen (Bipolaris spp.) has not forestalled its rapid spread.

Our results show that roadsides, despite having a relative
abundance of chasmogamous seeds, are not a significant source of
genetic variation. Instead, any new genotypes in an area are likely
the product of long-distance dispersal. Second, our results
indicate that forest interior subpopulations are more often not
the product of spread from the immediately adjacent roadside
but, instead, may come from a long-distant source. Finally, our
study shows there is genetic differentiation among regional
populations, which could serve as a source of new or highly fit
(i.e., able to withstand a range of environments) genetic
information.

The key to stopping this influx of new genotypes into a site
appears to be stopping or slowing the long-distance dispersal of
the seed. Effective preventative measures could include strategi-
cally located cleaning stations (e.g., highway intersections, rest
areas, gas stations) for vehicles and equipment and the use of
certified clean gravel and other road construction/maintenance
materials. Based on our results, priority locations would be
intersections between the regionally different populations.

Although our research highlights the complexity of the success
of M. vimineum as an invader, it also supports a focus on
preventative management to reduce long-distance spread.
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because they have more and longer internodes with closed
inflorescences than the shorter plants (often , 7 cm [2.8
in] tall) inhabiting the forest interior (Cheplick 2008;
Huebner 2010a). The forest-interior plants, consequently,
have comparatively fewer CH and CL seeds than the
roadside plants (Huebner 2011). However, the ratio of CH
to CL seeds is typically greater for the forest interior (shade-
grown) M. vimineum plants (Cheplick 2006). CL seeds are
also significantly less viable than CH seeds are (Huebner
2011). Thus, the larger number of CH seeds associated
with roadsides may indicate that roadside populations
should be genetically more diverse than individuals from
the forest interior. Nonetheless, the large number of
available CL seeds, despite being less viable than CH seeds
are, may result in more of the roadside individuals
originating from selfed or potentially inbred seed compared
with the forest-interior plants. If an increase in patch size at
a given site is due to diffusive spread, a coalescing
subpopulation along the forest edge should contain more
genetically similar individuals than the roadside subpopu-

lation has and possibly than the forest interior subpopu-
lation has.

To examine patterns of regional and local spread of M.
vimineum for its potential for further expansion, we used
microsatellite markers to analyze nine populations located
at three different regions in West Virginia (Figure 1).
Within each population, samples were collected to
represent three different stages of spread: roadside
subpopulations (roadside), coalescing subpopulations with-
in the nearby forest edge (edge), and individual plants
present in the adjacent forest interior (interior). We
quantified the level of genetic diversity and degree of
inbreeding within the populations and across the three
regions and then compared multilocus genotypes of the
three subpopulations (roadside, edge, and interior) within
each population and region to determine the number and
distribution of multilocus genotypes.

Using these genetic data, we addressed the following two
questions: (1) Does M. vimineum spread within sites
through local diffusion or long-distance dispersal or both?
(2) Are forest edge and interior subpopulations more prone
to inbreeding than are the adjacent roadside subpopula-
tions? Based in this information, we discuss genetic
variability and structure within the species as related to
its ability to adapt and potentially spread into different
environments. Answers to these questions will help inform
management efforts to more effectively slow the spread of
this species.

Materials and Methods

Study Area. Nine sites were selected, which consisted of a
contiguous roadside M. vimineum population adjacent to a
� 70-yr-old, closed-canopy, deciduous forest, with no
evidence of anthropogenic disturbance and with M.
vimineum appearing in the forest. The forests were located
within three regions in West Virginia: (1) three in the
Fernow Experimental Forest (38.883N, 79.283W), Cheat-
Potomac Ranger District of the Monongahela National
Forest (MNF) in the Allegheny Plateau (Fernow); (2) three
in Cooper’s Rock State Forest and the West Virginia
University Forest (39.650N, 79.783W) and in the
Allegheny Plateau (Cooper); and (3) three in the Seneca
Rocks area (39.033N, 79.70W) of the Cheat–Potomac
Ranger District of the MNF in the Ridge and Valley
Province (RVP; Figure 1). Populations at these sites were a
subset of populations used in the Huebner (2010b) study.

The Fernow and Cooper sites are mixed-mesophytic
forests, and the RVP sites are oak (Quercus spp.)-
dominated forests. Although the Fernow and Cooper sites
are similar in topography and plant species composition,
the Cooper sites have less species-rich understories than the
Fernow sites have (C.D.H., perssonal observation). The

Figure 1. Map of regions sampled in West Virginia for
populations of Microstegium vimineum. Three populations were
sampled in each of the three regions (see Table 1 for locality
information). The shaded area represents the Monongahela
National Forest, which encompasses the Cheat–Potomac Ranger
District (split into two ranger districts, CRD and PRD). The
Fernow populations are located in district CRD. The Cooper
populations are located within Coopers Rock State Forest and
the West Virginia University Forest (WVU). The area west of the
dark line represents the Allegheny Plateau region of the state and
the area east of the line represents the Ridge and Valley Province
(RVP), which contains the PRD populations. (Color for this
figure is available in the online version of this article.)
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Fernow, Cooper, and RVP sites range in elevations
between 585 and 707 m, 664 and 720 m, and 592 and
902 m, respectively. Annual precipitation for the RVP sites
is about 79 cm, whereas it averages about 160 cm for the
Fernow and Cooper sites (Clarkson 1964). The highest
average temperature for the RVP sites is 30 C (86 F), but
temperature averages 23 C to 25 C for the Fernow and
Cooper sites (NCDC 2015). All three of the Fernow sites
were located on gravel roads; in both the Cooper and RVP
regions, one site was on a paved road, and the remaining
two sites were located next to gravel roads (Table 1). The
Cooper 12 and Cooper 3 sites are separated from the West
Virginia University (WVU) 13 site by a road.

At each of the nine sites, the M. vimineum populations
were divided into three subpopulations (roadside, edge,
and interior). The roadside (termed R) plants were located
between the road and the forest canopy. Ditches, culverts,
and other potentially different roadside structures were
excluded. This contiguous roadside subpopulation was
, 10 m and � 1 m wide, parallel to the road. The edge
subpopulation (E) was located as part of the forest edge,
which occurred between the forest canopy edge (the
defined edge of the roadside subpopulations) and � 10
m into the forest interior. This subpopulation was defined
by its own structure (evident coalescence or grouping of
stems), not by the forest structure. Although the two are
likely related, our interest in differentiating this subpop-
ulation was to capture potential genetic similarities that one
would expect with diffusive spread vs. the separate, single
stems found scattered farther into the forest interior. Forest
light levels (measured with a quantum light meter
[Spectrum Technologies USA Inc] and a densiometer
[Robert E. Lemmon, Forest Densiometers]) also dropped
significantly beyond 10 m. Edge effects (sunfleck frequen-
cy, degree of soil compaction, litter depth, among others)

could extend deeper into the forest, but these edge effects
did not appear to affect the degree of coalescence in the
subpopulations and were not the focus of this study. The
interior subpopulation (I) was composed of individual
plants located in the forest interior, extending from the 10-
m roadside area 50 m or less into the forest, and were not
yet coalescing into patches.

Tissue Sampling. Between 25 and 51 individuals were
sampled from each of the three subpopulations at each of the
nine populations, taking one leaf from each individual plant.
Every effort was made to select single plants that were not
visibly connected to any other plant. Leaves associated with
each population and subpopulation were stored in their own
glassine envelope and sealed in a large plastic bag filled with
silica gel for � 12 h. Coalescing populations could not be
differentiated at two population sites within the Fernow
region (CRD14 and CRD23) and, thus, had no collections
made for this subpopulation type (a lack of coalescing
subpopulations may indicate a young invasion).

DNA Extraction and Polymerase Chain Reaction. DNA
was extracted from field-collected samples, initially using a
standard cetyltrimethylammonium bromide (CTAB) ex-
traction technique (modified from Doyle and Doyle 1987)
for single individuals. This method was eventually replaced
by a high-throughput, 96-well plate method, using a
modified CTAB approach developed in the Culley
laboratory (T.M.C. and R. Stokes, unpublished data) to
increase the speed of sample extraction. DNA was then
stored at �40 C until further analysis.

Microsatellite regions were amplified using 16 primers
created de novo or previously developed in M. vimineum or

Table 1. Descriptive information for nine sampled populations of Microstegium vimineum in West Virginia, USA with the number of
plants (N) indicated that were collected within each stage of potential spread (Roadside, forest Edge, and forest Interior). Universal
Transverse Mercator (UTM) coordinates are listed in decimal degrees (Lat, Long). Also provided is the type of road (gravel or paved)
nearest to the sampled population.

Population Region
Global positioning system

coordinates Roadside Edge Interior
Road
type

No.

Cooper12 Cooper, Northern Allegheny Plateau 39.636116N, 79.799950W 50 29 30 Gravel
Cooper3 Cooper, Northern Allegheny Plateau 39.649877N, 79.784572W 50 50 52 Paved
WVU13 Cooper, Northern Allegheny Plateau 39.672221N, 79.769128W 50 30 30 Paved
CRD14 Fernow, Southern Allegheny Plateau 39.033142N, 79.702804W 50 0 50 Gravel
CRD23 Fernow, Southern Allegheny Plateau 39.039913N, 79.697493W 51 0 50 Gravel
CRDhemlock Fernow, Southern Allegheny Plateau 39.028438N, 79.689039W 50 50 50 Gravel
PRD14 Ridge and Valley Province 38.855809N, 79.312975W 51 51 52 Gravel
PRD23 Ridge and Valley Province 38.911847N, 79.262657W 50 50 50 Gravel
PRD5 Ridge and Valley Province 38.979200N, 79.260251W 50 25 25 Paved
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other grass species (Table 2). These primers included
M&M15 (developed for eulaliagrass [Miscanthus sinensis
Anderss.]; Hung et al. 2009); SSCIR26 and SSCIR33 (corn
[Zea mays L.]; Cai et al. 2005, primer sequences obtained
directly from K. Aitken, personal communication); and
MV01, MV03, MV05, MV07, MV09, and MV10
(developed for M. vimineum by Novy et al. 2012). Primer
set MV-10tc was developed by the Culley Laboratory, using

the Glenn and Schabel (2005) nonradioactive method. Six
other primer pairs (contigs 1042, 1262, 1366, 1675, 2358,
and 2712) were developed using next-generation sequenc-
ing, as described in Novy et al. (2012), and were
subsequently tested by T.M.C. Because variation for three
markers (contigs 1366 and 1262 and MV05) was
commonly detected as different fixed alleles across
populations, each marker was assumed to be capturing

Table 2. List of the microsatellite primers used in Microstegium vimineum that were developed for the species (Novy et al. 2012),
Miscanthus sinensis (Hung et al. 2009), and Zea mays (Cai et al. 2005; K. Aitken, personal communication). Three of these markers
(contigs 1366, 1262, 760) captured two separate and independent loci each and were, thus, scored separately, resulting in 19
microsatellite loci used in the study. Shown are the primer names, forward (F) and reverse (R) primer sequences, repeat motif, size of
the fragments, number of alleles, dye used for multiplexing, and the taxon in which it was first developed. The last column contains the
reference for previously published markers or in the case of newly developed microsatellite markers, the Genbank accession number.

Primer
name Primer sequences Repeat motif

Size
range

No.
of

alleles Dye
Developed

in

Reference
or GenBank

accession

MV01a F: CCAGTGAATGTCATTTGTCC (AG)10 208–228 9 6-FAM M. vimineum Novy et al.
2012R: GCGTGAATTGAAATG ATTG

MV03b F: GTCTGACCACCAACATTCTG (AAG)16 322–367 12 NED M. vimineum Novy et al.
2012R: TCAGGAAAGCTACCCTATG

MV05b F: CATGCCAACCCTATTCTATC (AAC)7 329–410 16 NED M. vimineum Novy et al.
2012R: GAGAAACAAGGTGCAAAGAG

MV07a F: CCTCCTTCAGACAGTCATTG (AAC)8 343–362 4 6-FAM M. vimineum Novy et al.
2012R: TACAACAGATGCCGACTACC

MV09a F: TCATCC ATCTCCATAACTCC (ACAT)11 107–123 4 PET M. vimineum Novy et al.
2012R: TTGCCATCTTCCCTACTAAC

MV10b F: TGAAGACAATGAGGCAAGTC (AAAC)6 249–265 11 NED M. vimineum Novy et al.
2012R: TCGTCCTTGTGAGTCATGAC

MV1042a F: GGCTGAAATGAAGTGAACAC (ATC)7 234–259 15 VIC M. vimineum KP793028
R: ACTTCTGCTATGCCAATGAC

MV1262b F: TATGTGCTTCCATTCCACTC (ATC)10 117–147 9 NED M. vimineum KP793029
R: CAATATTGGGCCTTTAAGTC

MV1366a F: GATGTAACGAAATGGCTCAG (AG)10 146–162 7 NED M. vimineum KP793030
R: AGCGTTAAATAGGGTGACAC

MV1675b F: ATCCGAATATGCATGAGAAG (GTT)29 296–368 22 VIC M. vimineum KP793031
R: CATGCGCTAACACTACTTTC

MV2358a F: GCGCTAATTAAACCTTTGTC (ACT)9 142–172 13 PET M. vimineum KP793032
R: GACGTTCGTTTCAATACCAC

MV2712a F: ACCACGTGCCTTATTATCTC (AGT)11 98–102 3 6-FAM M. vimineum KP793033
R: AGGATAGACGCATGTTCTTG

MV10tca F: CGTCGCAGAGATAAGAGCAC (CA)4 326–337 6 PET M. vimineum KP793034
R: GGAGTCCTGGTGTAAGTGTT

M&M15a F: ACACCGAAGCACGCCTGAT (CA)3(TA)3(TG)2 69–84 7 6-FAM Miscanthus
sinensis

Hung et al.
2009R: ATAATGTGCAATGCAGTCTAG

SSCIR26b F: AAAATCAGACAAACAGCAT (GA)17 128–148 8 VIC Zea mays Cai et al.
2005R: AGAAGAAGCAGATACAGGT

SSCIR33b F: GCTCATATATCTTCCTGGTC (GT)14(GA)9. . .(GA)9 97–107 5 6-FAM Zea mays Cai et al.
2005R: AGTGGTCTGGTGCTTTGG

a Primer mix 1.
b Primer mix 2.
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two separate and independent loci and was, thus, scored
separately (e.g., contig 1366 was scored as contigs 1366A
and 1366B). A subsequent analysis for linkage disequilib-
rium indicated that these sister loci were not linked, and it
was appropriate to analyze them independently (T.M.C.,
data available upon request). This resulted in a total of 19
loci analyzed in this study.

DNA was amplified in multiplexed reactions via
polymerase chain reaction (PCR) using the Qiagen
(Valencia, CA) Multiplexing Kit in 10 ll reaction volumes
as follows: 5 ll Multiplex PCR Master Mix, 1 ll Primer
Mix (consisting of 2 lM reverse primer and 2 lM forward-
labeled primer for each marker), 3.8 ll H2O, and 0.2 ll
DNA. Samples were then amplified on an Eppendorf
(Hamburg, Germany) thermocycler with the following
conditions: initial denaturation of 95 C for 15 min,
followed by 35 cycles each at 94 C for 30 s, 57 C for 90 s,
and 72 C for 60 s, followed by a final extension of 60 C for
30 min. Each DNA sample was run twice, using two
different primer mixes (Table 2). PCR products were then
sent to Cornell University’s Life Sciences Core Laboratory
Center (New York, NY) for fragment analysis on a 3730 xl
sequencer (Applied Biosystems, Fortune City, CA) using a
LIZ 500 internal size standard. The resulting fragment-
analysis data were analyzed using GeneMarker software
(version 1.85, SoftGenetics, State College, PA) to identify
alleles.

Genetic Analysis. Measures of genetic variation were
calculated in GenAlEx software (version 6.5; Peakall and
Smouse 2012) for each population as follows: number of
alleles per locus (A) and per polymorphic loci (Ap), the
percentage of polymorphic loci at the 95% level (Pp),
observed heterozygosity (Ho) and the expected proportion
of heterozygous loci per individual (He), and the fixation
index (F; the same as Fis). Descriptive statistics were also
calculated for each subpopulation (roadside, edge, and
interior) within each population. Selfing rates (s) were
estimated for each subpopulation from the outcrossing rate
(t) as 1 � t, where t ¼ (1 � F )/(1þ F ), in which F is the
fixation index (Brown 1979; Jain 1979).

Genetic differentiation was quantified among all
populations and subpopulations using an analysis of
molecular variance to calculate Fst in GenAlEx. To visually
examine the clustering relationships of genotypes across
populations, a principal coordinates analysis (PCoA) was
used. Relationships of subpopulations within each site were
also examined using an unweighted pair group method
with arithmetic mean (UPGMA) phenogram based on
pair-wise, coancestry identity values for all subpopulations
within populations.

Because M. vimineum tends to spread and root at the
nodes, potentially interdigitating within a population and

thus creating overlapping genotypes within a specific patch,
we also analyzed the microsatellite data from a multilocus
perspective and in some cases, using a haplotype analysis in
GenAlEx. We then investigated whether the same multi-
locus genotype could be found in the different subpopu-
lations at each population and also across populations,
using the software package Poppr (Kamvar et al. 2014) in
R (R Core Team 2014). For this analysis, the data set of
974 individuals was first refined to eliminate genotypes
with more than . 20% missing alleles (69 genotypes were
removed) and loci with more than . 20% missing data
(M&M15 and contigs 2712 and 1304 were removed,
leaving 16 loci). This resulted in a final data set of 905
individuals.

Finally, to determine whether individuals within the
same subpopulation, population, or both expressed similar
genetic composition, the data were first analyzed in
STRUCTURE, a software program (Pritchard et al.
2000) that uses a Bayesian approach of model-based
clustering to assign each individual to membership in K
groups, which may or may not correspond to the number
of sampled populations. Based on this analysis, the
percentage of membership in each K group was calculated
for each sample, and those values were graphed to allow the
researcher to visually determine whether the K groups
matched with expectations based on field collection. An
admixture ancestry model was run with correlated allele
frequencies and a burn-in period of 10,000 and a run of
100,000 iterations for each K from 2 to 10, with five
replicates at each K value. The Pritchard et al. (2000)
method was used to identify the best K, in which the lowest
K is selected for which the estimated log likelihood of
Pr(X jK ) first reaches a plateau. In this analysis, seven
groups were detected as indicated by the model that
generated the highest probability for the data [Pr(X jK ) ¼
�6132.2].

Because some assumptions of the STRUCTURE
analysis (i.e., nonrandom mating and Hardy-Weinberg
equilibrium) were violated in the partially CL and
facultatively outbreeding M. vimineum, the program
InStruct (Gao et al. 2007) was then used to assign the
samples into K clusters based, in part, on estimated
population-level selfing rates. Five independent Markov
Monte Carlo chains were run in a population-based model
to infer population structure and population selfing rates
for K ¼ 7 to 9 (based on the previous STRUCTURE
analysis); each chain consisted of 500,000 burn-in
iterations for a total of 1,000,000 iterations, with a
thinning interval of 10 interactions between retained draws.
The Gelman-Rudin statistic was used to check conver-
gence, and the optimal K was inferred. The InStruct
analysis was also repeated separately for each population
using each subpopulation (roadside, edge, or interior) as
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separate populations to determine whether subpopulations
in the same population clustered together or separately.

Results and Discussion

Local Patterns of Spread. Although M. vimineum may
rapidly invade disturbed sites where it can detrimentally
affect the ecosystem (e.g., Adams and Englehardt 2009;
McGrath and Binkley 2009; Webster et al. 2008), its
pattern of spread on a local scale has received relatively little
attention (however, see Miller and Matlack 2010).
Consequently, we wanted to determine whether genetic
patterns were consistent with local diffusion of the species
from the roadside into the forest or whether long-distance
dispersal from populations at other sites had a role. Within
the West Virginia populations sampled here, both
mechanisms appeared to be at work. For example, if
invasive spread of M. vimineum was due solely to local
diffusion from the roadside into the forest edge and then
into the forest interior, we should find the greatest genetic
diversity along the road and subsequently lower levels
diversity with distance from the road (because of
colonization events and genetic bottlenecks). Although this
pattern was detected in three of the nine populations
(Cooper12, PRD23, and PRD5; Table 3), it was not found
in the other six populations, in which most genetic
variation was detected in the forest interior or forest edge
subpopulations. However, when analyzed across all
populations, estimates of genetic variation did not differ
significantly between the roadside and forest interior
locations, the two extremes (paired t test; P . 0.141).

Local diffusion or long-distance dispersal of the species
should also be evident in the distribution of multilocus
genotypes (MLGs), which ranged from 3 to 28 within each
population (Table 3; Figure 2). If invasive spread of M.
vimineum progressed from the roadside into the forest edge
before continuing on into the forest interior, most
genotypes should be found along the road, with a smaller
subset of those genotypes in the forest (because of founder
events). Alternatively, a cluster of different genotypes in the
forest edge or interior (especially genotypes not seen along
the roadside) would be consistent with long-distance
dispersal and immigration. The former pattern of local
dispersal from the roadside was found in some populations,
such as Cooper12, with 22 MLGs identified along the
roadside and with many of these genotypes present in the
adjacent forest (Table 3). However, a pattern of local
dispersal was not observed in other populations, such as
PRD14, where most MLGs were found along the forest
edge (n¼ 28). In addition, several genotypes in the interior
were unique within many of the populations, consistent
with occasional, long-distance dispersal from other loca-

tions. Novel genotypes in the interior forest were unlikely
to represent a historical seed bank because M. vimineum
seeds may only be viable for about 3 yr and are not
considered long lived (Bardon 1987; Huebner 2011).

In some cases, the number of genotypes within a
subpopulation was exceedingly low, even given a large
sample size. For example, interior or roadside subpopula-
tions at CRD23 only contained four genotypes, despite 37
to 42 samples being analyzed (edge samples were not
available because of the age of the site). Although it is
possible that our estimated number of roadside genotypes
was biased because of dense vegetative growth of plants in
these areas, we tried to minimize the possibility of
inadvertently collecting leaves from multiple stems of the
same individual. Other subpopulations exhibited many
more genotypes. For example, 10 or more genotypes were
detected within the roadside, forest edge, or forest interior
samples in the CRDhemlock population, which occupied a
relatively shady location. There were also relatively shorter
plants at that site in all subpopulations (including the
roadside), which could ultimately lead to more outcrossed
progeny (Cheplick 2006), although selfing rates at this site
indicated that selfing predominated (see below).

There was also substantial genetic differentiation among
all subpopulations (Fst ¼ 0.603, P , 0.001), which is
consistent with local dispersal and relative genetic isolation
on a regional scale. In general, subpopulations clustered
together within each site, as visualized by the UPGMA
analysis (Figure 3). The exception was the PRD popula-
tions, in which samples were generally intermixed with one
another but were still separate from the Cooper, WVU,
and CRD samples. In the InStruct analysis, conducted
separately for subpopulations within each site, the optimal
K ranged from 2 to 4, but individuals from subpopulations
did not always cluster with one another within each site
(Table 4). The Gelman-Rubin statistic for the convergence
of log likelihood in the separate analyses ranged from 0.862
to 1.670 (with an exception of 4.181 for Cooper3),
indicating good convergence in both log likelihood and
selfing rates across different chains (Gao et al. 2007).

Previously, the few studies of local dispersal in M.
vimineum have focused on the role of roadways in
facilitating spread (e.g., Christen and Matlack 2006,
2009; Miller and Matlack 2010) because roadways can
act as a movement corridor composed of linear, continuous
habitat that enables nonnative species to gain a foothold
into a natural area. Although observations of invasive
species along roadsides may be an artifact of observer
accessibility (Christen and Matlack 2006), M. vimineum is
recognized to spread along roadways, especially those that
are paved (e.g., Christen and Matlack 2009). Propagules
may be carried in car tires, dormant seeds can be moved in
gravel piles during road maintenance (Christen and
Matlack 2009), or seeds may spread via wind turbulence
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caused by rapidly moving vehicles (Bäumer et al. 2005).
The species can also spread in other ways, such as stream
flooding (Christen and Matlack 2009) and along deer trails
(Miller and Matlack 2010). Once introduced into a site,
expansion of the species may depend on several environ-
mental variables, including the amount of bare soil
(Huebner, 2010b; Warren et al. 2011), the soil moisture,
the light availability (Christen and Matlack 2009) or the
canopy openness (Huebner 2010b), ammonium-N, and
pH (Nord et al. 2010), in addition to propagule pressure.

Populations of M. vimineum may exhibit source–sink
dynamics as a metapopulation (Warren et al. 2011). If so,
sink populations in shady, forested habitats should not be
self-supporting because of difficulty with recruitment and
reproduction, such that their continued persistence requires
constant seed input from nearby roadside (source)
populations. In this case, interior forest subpopulations
should contain a subset of genotypes detected along the
roadside. This was seen in some populations, such as
PRD14, PRD5, and WVU13, in which fewer genotypes

Table 3. Genetic variation within each of nine populations of Microstegium vimineum in which samples were located along the
roadside (R), present in forest edge subpopulations perpendicular to the road (E), or scattered individuals in the forest interior (I).
Shown are the mean population sample size averaged across loci, mean number of alleles (A), percentage of polymorphic loci (% of P),
observed heterozygosity (Ho), expected heterozygosity (He), fixation index or inbreeding coefficient (F ), selfing rate (% s), the number
of multilocus genotypes, and the total number of samples analyzed.

Population Subpopulation
Mean
size A % of P Ho He F % s

No. of
MLGs

Total
no.

Cooper–Northern Allegheny Plateau
Cooper12 I 22.05 2.47 68.42 0.082 0.173 0.706 82.77 11 22

E 17.58 1.95 57.89 0.095 0.136 0.457 62.73 10 18
R 36.26 3.21 89.47 0.096 0.216 0.620 76.55 22 35

Cooper3 I 27.89 1.90 63.16 0.061 0.104 0.607 75.55 6 23
E 40.58 1.47 52.63 0.064 0.072 0.589 74.14 10 43
R 43.10 1.21 26.32 0.056 0.047 0.380 55.07 6 48

WVU13 I 25.37 1.26 26.32 0.101 0.068 0.280 43.75 7 27
E 20.10 1.26 26.32 0.105 0.072 0.271 42.64 5 20
R 37.21 2.53 73.68 0.093 0.295 0.755 86.10 16 41

Mean 30.01 1.92 53.80 0.084 0.131 0.518 66.59 10.3 30.8
Fernow–Southern Allegheny Plateau

CRD14 I 42.79 2.05 63.16 0.065 0.287 0.748 85.58 13 46
E — — — — — — — — —
R 42.26 2.26 63.16 0.062 0.293 0.756 86.15 12 43

CRD23 I 38.32 1.21 21.05 0.053 0.036 0.500 66.67 4 42
E — — — — — — — — —
R 35.16 1.10 21.05 0.047 0.034 0.545 70.55 4 37

CRDhemlock I 39.58 2.16 73.68 0.136 0.303 0.627 77.08 18 39
E 35.74 2.68 89.47 0.115 0.268 0.705 82.70 14 35
R 44.00 2.16 78.95 0.069 0.296 0.817 89.93 16 47

Mean 39.69 1.95 58.65 0.078 0.217 0.671 79.81 11.6 41.3
Ridge and Valley Province

PRD14 I 42.84 1.53 42.11 0.051 0.068 0.613 76.01 9 44
E 43.00 2.21 63.16 0.105 0.177 0.613 76.01 28 45
R 44.21 2.37 73.68 0.074 0.155 0.746 85.45 16 45

PRD23 I 46.32 1.53 47.37 0.041 0.077 0.710 83.04 7 48
E 33.63 1.32 26.32 0.030 0.060 0.554 71.30 9 32
R 31.37 1.90 63.16 0.071 0.109 0.778 87.51 12 29

PRD5 I 20.84 1.21 21.05 0.105 0.066 �0.220 36.07 3 22
E 22.21 1.16 15.79 0.057 0.041 0.051 9.71 6 24
R 46.74 1.42 36.84 0.058 0.072 0.458 62.83 10 50

Mean 36.80 1.63 43.28 0.066 0.092 0.478 65.33 11.1 37.7
Grand Mean 35.14 1.83 51.73 0.076 0.143 0.550 70.08 11.0 36.2
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were detected in the forest interior as compared along the
roadside; furthermore, these forest genotypes were usually a
subset of those detected along the roadside, except for one
or two rare samples (see Figure 4). Within other

populations, however, there were more genotypes detected
in the forest interior than identified along the roadside;
furthermore, several of these genotypes were different
(Figure 4). This could reflect outcrossing events or seed

Figure 2. Distribution of multilocus genotypes (MLGs) within each population that were detected along the roadside (R), coalescing
in the forest edge (E), and individuals within the forest interior (I). Numbers along the x-axis indicate the numbers of individuals
within each genotype. Each MLG is represented by a different color. (Color for this figure is available in the online version of this
article.)
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dispersal from other more-distant areas, which would be
incompatible with hypothesized localized source–sink
dynamics in M. vimineum. Alternatively, genotype differ-
ences among subpopulations at a site could result from
inconsistent sampling; if our sampling was not compre-
hensive enough along the roadside, we may have missed
‘‘novel’’ forest interior genotypes, which may, in fact,
already exist along the roadside. However, the discovery of
only a few MLGs in some roadside subpopulations, despite
large sampling (e.g., four MLGs in CRD23 found in 37
samples), indicates that the sampling was sufficient.
Interior subpopulations may also not be true sinks because
individuals in low-light environments can still produce
flowers and seeds that can disperse away, albeit at lower
relative numbers than in the high-light environments along
the roadside (e.g., Huebner 2010). Seeds produced in the

forest interior also exhibited moderate germination rates
(Huebner 2011), and seedlings were able to establish and
spread within those sites (Christen and Matlack 2009).
Taken together, these results indicate that interior
populations have the capacity to become self-sustaining,
rather than acting solely as a sink.

Inbreeding in the Roadside vs. the Forest Edge and
Forest Interior. The CH/CL breeding system of M.
vimineum may be differentially expressed in roadside vs.
forested sites and, thus, may also affect local genetic
patterns. Although CL flowers in M. vimineum are
automatically self-pollinated, CH flowers can be either
outcrossed or selfed (if donor pollen is unavailable), as
shown in a genetic analysis of plants grown from CH
(mean Fis ¼ 0.443) and CL seed (Fis ¼ 0.924) obtained

Figure 3. Unweighted pair group method with arithmetic mean phenogram showing clustering relationships among the roadside (R),
forest edge (E), and forest interior (I) subpopulations of Microstegium vimineum across nine sites in West Virginia.
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from roadside plants (T.M.C. and C.D.H., unpublished
data). Because of abundance alone, more roadside plants
were likely derived from CH seeds than from CL seeds,
depending on the overall CL seed viability. Therefore, we
expected to find increased outcrossing (i.e., decreased

inbreeding) in the roadsides, compared with the forest edge

and forest interior.

The results of our genetic study suggest that a mixed-
mating system is present in the West Virginia subpopu-
lations of M. vimineum but with no clear pattern across the

Table 4. Results of the InStruct software analysis conducted separately for each population, focusing on subpopulations (R, roadside;
E, forest edge; I, forest interior) and tested for K ¼ 1 to 4 (except for CRD14 and CRD23 where K ¼ 1 to 3).

Population
Optimal

K
Gelman-Rudin

statistic
Selfing rate

(K ¼ 1)

Proportion membership in each K cluster

Subpopulation Cluster1 Cluster2 Cluster3 Cluster4 No.

Cooper–Northern Allegheny Plateau
Cooper12 4 0.896 0.365 I: 0.423 0.403 0.1 0.074 25

E: 0.408 0.512 0.051 0.029 20
R: 0.329 0.491 0.113 0.061 43

Cooper3 3 3.181 0.165 I: 0.42 0.418 0.162 34
E: 0.413 0.412 0.176 46
R: 0.417 0.416 0.167 48

WVU13 4 1.146 0.475 I: 0.855 0.134 0.005 0.006 27
E: 0.788 0.201 0.005 0.006 22
R: 0.318 0.241 0.386 0.054 41

Fernow–Southern Allegheny Plateau
CRD14 3 1.563 0.716 I: 0.247 0.642 0.111 48

R: 0.485 0.42 0.096 48
CRD23 2 1.67 0.166 I: 0.93 0.071 43

R: 0.852 0.148 41
CRDhemlock 3 0.862 0.641 I: 0.594 0.328 0.079 43

E: 0.69 0.19 0.12 39
R: 0.56 0.389 0.051 49

Ridge and Valley Province
PRD14 4 1.13 0.403 I: 0.803 0.032 0.162 0.004 45

E: 0.299 0.301 0.345 0.054 46
R: 0.636 0.018 0.254 0.091 47

PRD23 3 1.325 0.249 I: 0.427 0.304 0.269 50
E: 0.431 0.305 0.263 38
R: 0.416 0.308 0.276 36

PRD5 3 1.038 0.05 I: 0.347 0.332 0.321 22
E: 0.332 0.332 0.336 24
R: 0.337 0.332 0.33 50

Figure 4. Bar plot from InStruct software showing the grouping of all samples into K ¼ 8 groups. Each group is represented by a
different color, and each column is a different individual. The proportion of color within each column represents the percentage of
membership of the plant sample in that particular group. Data were obtained by running five independent Markov Monte Carlo chains
in a population-based model to infer population structure and population selfing rates; each chain consisted of 500,000 burn-in
iterations within 1,000,000 total iterations, and a thinning interval of 10 interactions between retained draws. (Color for this figure is
available in the online version of this article.)
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subpopulations. Overall, selfing rates were generally
moderate to high in all 25 subpopulations, ranging from
42.6 to 89.9% (Table 3), with the exception of the PRD5
edge (9.7%) and interior (36.1%) subpopulations. Simi-
larly, the fixation index was moderate to substantial
(ranging from 0.27 to 0.82) within each subpopulation
(R, E, I) at every site, with the exception of the PRD5 edge
(F ¼ 0.05) and interior (F ¼ �0.22) samples (Table 3).
Consequently, our expectation of consistently high in-
breeding in the forest relative to the roadside was not
supported. For example, in many populations (WVU13,
CRDhemlock, PRD14, PRD23, and PRD5), interior and
edge subpopulations had relatively lower fixation indices
and selfing rates than did roadside subpopulations.
Although most interior subpopulations exhibited substan-
tial selfing rates (s; range ¼ 44 to 86%; Table 3), these
values were significantly greater than roadside subpopula-
tions in only two of the nine populations (Cooper12,
Cooper3). In the case of subpopulations along the forest
edge, inbreeding and selfing were prevalent, but values still
tended to be less than along the roadside for all
populations, except for Cooper3. The discovery of
substantial inbreeding in the roadside subpopulations
indicates that many plants may be derived from CL seeds
or selfed CH seeds, or they may be siblings, despite
previous assumptions that outcrossing should predominate
in this type of location.

Although midrange to high selfing rates are consistent
with a CH/CL system, inbreeding dynamics in the
subpopulations could also be complicated by the presence
of multiple, identical genotypes in M. vimineum, especially
along the roadsides. Because Fis (the same as F in our study)
is the probability that two homologous alleles within an
individual are identical by descent relative to the rest of the
population (Hedrick 2005), it measures the reduction in
heterozygosity from nonrandom mating. Although reduced
heterozygosity is most often associated with inbreeding or
population substructure (i.e., the Wahlund effect), the
same result may also be achieved when multiple copies of
different multilocus genotypes increase the probability of
alleles being identical within a population (i.e., low genetic
diversity captured by the marker system). This is similar in
overall effect to the formation of a series of genetic lines
within a highly selfing population. In M. vimineum, higher
values of F (Table 3) were usually found in subpopulations
with many unique multilocus genotypes. In addition, the
high fixation index for each subpopulation was also
consistent with the existence of identical genotypes. The
appearance of multiple, identical multilocus genotypes was
not completely unexpected, given the low overall genetic
diversity in this species; alternatively, these genotypes may
suggest the need for more loci in the analysis to maximize
the detection of different genotypes.

Genetic Variation and Structure in the Species.
Although it can be difficult to know exactly how much
genetic variation, if any, is necessary to foster invasive
spread in different environments, we conclude that M.
vimineum does not contain substantial amounts of genetic
variation, as measured by these neutral microsatellite
markers, despite its aggressive ability to spread. Levels of
genetic variation were relatively low to moderate overall in
the species (Table 5), with strong a genetic structure among
populations (Fst ¼ 0.60) and generally among sampling
regions (Figure 5). The number of alleles per locus ranged
from 1.21 to 4.47, with an average of 2.58. The percentage
of polymorphic loci averaged 71.9% for the species, but the
range of values was highly variable (21 to 100%). Levels of
heterozygosity were very low, as measured by He (range:
0.03 to 0.30; mean¼ 0.161) and Ho (range: 0.05 to 0.10;
mean¼0.07). The latter value was much lower than the Ho

mean of 0.51 reported for other species with mixed mating
(Nybom 2004). Most of the loci were out of Hardy-
Weinberg equilibrium in most populations, except PRD5;
however, this was not unexpected, given the mixed-mating
system of the species.

There were also regional patterns of genetic variation
detected across populations. Although the CRD23 popu-
lation contained the lowest amount of genetic variation,
populations within the Ridge and Valley Province typically
exhibited low variation in general (Table 5). This is
consistent with the fact that, compared with the Northern
and Southern Allegheny Plateau, RVP sites were drier, with
more sun, resulting in plants that were taller, with a greater
proportion of CL reproduction; this may explain the higher
selfing rate detected in the Ridge and Valley Province (s¼
85.6), compared with the Southern (s ¼ 80.2) and
Northern (s ¼ 66.4) Allegheny Plateau (Table 5). Overall,
the low levels of genetic variation observed in these West
Virginian populations were generally consistent with other
investigations of the same species (Baker and Dyer 2011),
including those that estimated across the United States (Ho

¼ 0.00; A. Novy, unpublished data) and within the native
Chinese range (Ho ¼ 0.03; A. Novy, unpublished data).

Significant genetic structure was detected among
populations of M. vimineum (Fst ¼ 0.60, P , 0.001).
This was only slightly greater than an investigation of the
species in the neighboring state of Virginia (Fst¼ 0.55 with
amplified fragment length polymorphism [AFLP] markers;
Baker and Dyer 2011) but was much greater than multiple
populations across the United States (Fst¼ 0.39; A. Novy,
unpublished data). In addition, 185 MLGs were detected
across the 905 individuals; of the 43 MLGs found in more
than a single individual, 24 were restricted to a single
population, 15 were found across populations within a
single region, and 4 MLGs occurred across two or more
regions (Figure 6). For example, the most common MLG
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(MLG 45) was detected in 162 individuals located in the
PRD14, PRD23, and PRD5 populations. Furthermore,
genetic structure was also evident in the PCoA (Figure 5),
in which some of the populations were genetically distinct
from each other but with a large amount of overlap among
individuals from different populations (e.g., PRD popula-
tions tended to cluster toward the left, whereas CRD
populations grouped toward the right). The first two axes

explained 79.30% of the variation, indicating the robust-
ness of this analysis. The InStruct analysis also showed that
several populations were differentiated from one another,
with those from the same region exhibiting membership in
similar clusters (Figure 4). The optimal K was 8, and the
Gelman-Rubin statistic for the convergence of the log
likelihood was 0.9501, indicating strong convergence in the
log likelihood and selfing rates across chains (Gao et al.

Figure 5. Principal coordinates analysis (PCoA) showing relationships of all individuals of M. vimineum in ordination space, based on
the 19 microsatellite loci. Samples are color-coded to match the populations. Coordinate 1 and 2 axes contain 47.42 and 20.06% of the
variation, respectively. (Color for this figure is available in the online version of this article.)

Table 5. Descriptive genetic statistics for populations of Microstegium vimineum sampled at nine sites in West Virginia (based on 974
total individuals). For each population, samples collected from the roadside, forest edge, and forest interior areas are grouped together.
Shown are the sample size averaged across loci, the mean number of alleles (A), the percentage of polymorphic loci (% P), observed
heterozygosity (Ho), expected heterozygosity (He), the fixation index or inbreeding coefficient (F ), the estimated selfing rate (% s), and
the number of multilocus genotypes.

Population Sample size A % P Ho He F % s No. of MLGs

Cooper12 75.90 4.47 94.74 0.093 0.215 0.694 81.94 35
Cooper3 111.58 2.37 73.68 0.060 0.072 0.601 75.08 16
WVU13 82.68 2.79 84.21 0.100 0.208 0.770 42.02 22
Mean 90.05 3.21 84.21 0.084 0.165 0.688 66.35 24.3

CRD14 85.05 2.37 73.68 0.063 0.302 0.718 83.58 21
CRD23 73.47 1.21 21.05 0.050 0.035 0.523 68.68 6
CRDhemlock 119.32 3.21 100.00 0.104 0.303 0.789 88.20 35
Mean 92.61 2.26 64.91 0.072 0.213 0.677 80.15 20.7

PRD14 130.05 2.90 84.21% 0.077 0.154 0.693 81.87 46
PRD23 111.37 2.42 78.95% 0.049 0.091 0.786 88.01 20
PRD5 89.79 1.47 36.84% 0.070 0.068 0.378 87.00 13
Mean 110.40 3.26 66.67 0.065 0.104 0.619 85.63 26.3

Grand mean 97.68 2.58 71.93% 0.074 0.161 0.661 77.37 23.7
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2007). Further examination of the five replicate runs for K
¼ 8 revealed that the same clusters persisted, but their
relative positions shifted slightly across the predefined
populations in two of the five replicates. Populations
within each region were typically well differentiated from
one another.

The discovery that regions differed significantly from
one another with detectable genetic clusters is consistent
with either separate introductions of this species, selection
within each region, or both. In contrast to nonnative
species that have been purposely introduced into the
United States multiple times through horticulture or other
means, M. vimineum was accidentally introduced, possibly
as a contaminant in packing for ceramics. Consequently, it
is difficult to know whether low genetic diversity is due to
few initial founder events or it reflects repeated bottlenecks
since arrival. Regardless, the potential for adaptation of this
species to new environments appears not to be hampered
by its low genetic diversity because spread of M. vimineum
continues unabated in many areas of the United States.
Furthermore, despite low genetic diversity, as measured by
neutral markers and a lack of a traditional source–sink
relationship, the species has demonstrated rapid evolution
of phenology during invasive range expansion, suggesting
sufficient genetic diversity to drive adaptively significant

evolution (Novy et al. 2013). In other monocots, invasive
spread can still occur in a relatively genetically depauperate
species if one or more genotypes are particularly vigorous
and able to tolerate a range of different habitat types.
Indeed the seed of Ridge and Valley Province plants were
significantly smaller in size and mass than the seeds of
plants from the Allegheny Plateau, suggesting potential
fitness differences across the regions (Huebner 2011).
Consequently, it would be particularly helpful to examine
the growth and reproduction of different genotypes of M.
vimineum in different environments that are characteristic
of the introduced range to determine whether these
genotypes exhibit fitness differences. In so doing, we might
be better able to understand reasons behind the rapid
spread of this species and consequently develop more-
effective means of management and control.
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