Biol Invasions
https://doi.org/10.1007/s10530-024-03439-7

INVASION NOTE

q

Check for
updates

Range expansion of the invasive hybrid cattail Typha X
glauca exceeds that of its maternal plant 7. angustifolia
in the western Prairie Pothole Region of North America

Sanjuti Deb Joyee - Marcel Dorken -
Joanna Freeland

Received: 19 June 2024 / Accepted: 1 September 2024

© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024

Abstract Wetlands around the world face unprec-
edented threats, including from invasive species.
In North America, the invasive cattail hybrid Typha
X glauca dominates wetlands around the Lauren-
tian Great Lakes; more recently it was found in
high abundance across the central and eastern Prai-
rie Pothole Region, an area that includes one of the
world’s largest wetland complexes. Surveys of the
Typha hybrid zone have so far been largely conducted
in areas where hybrids are well established, and it
therefore remains unclear whether the range expan-
sion of this invasive hybrid occurs after the estab-
lishment of its maternal species, T. angustifolia. We
surveyed 50 wetlands in the western PPR and found
that while 75% of plants were native T. latifolia, the
second most common group was F, hybrids, which
had greater abundance and occupancy than 7. angus-
tifolia despite the fact that T. angustifolia produces
relatively few hybrid seeds; our findings therefore
highlight the importance of long-distance dispersal
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for this hybrid range expansion. The distribution of
hybrids combined with the paucity of non-F1 hybrids
suggest that the western PPR represents a leading
edge of the range expansion by invasive T. X glauca.
Our results show that 7. X glauca has the capacity for
continued range expansion that does not rely on the
presence of T. angustifolia, and the impacts of this
range expansion should be monitored because of its
potential to impede ecosystem services and reduce
local biodiversity.
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Wetlands provide essential ecosystem services and
accommodate high levels of biodiversity across an
estimated 5-10% of the Earth’s surface; however,
despite their importance,>70% of natural wetlands
have been lost globally since 1900 (Davidson 2014;
Kingsford et al. 2016). Threats to wetlands include
development, climate change, pollution, and invasive
species (Zedler and Kercher 2004; Xu et al. 2019).
In wetlands within the region surrounding the Lau-
rentian Great Lakes and St. Lawrence Seaway in
North America, one problematic invader is the cat-
tail hybrid complex involving Typha X glauca, which
is the interspecific F, hybrid of native T. latifolia
and naturalized T. angustifolia (Grace and Harrison
1986). Typha X glauca is fertile, and can interbreed
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to form advanced-generation hybrids, or backcross
with either of its parent species to form backcrossed
hybrids (Pieper 2017); because advanced-generation
and backcrossed hybrids are difficult to differenti-
ate, we refer to these collectively as non-F1 hybrids.
In regions around the Great Lakes and St. Lawrence
Seaway the hybrid displaces parental species and
dominates wetlands (Travis et al. 2010; Freeland et al.
2013; Pieper et al. 2020), and is considered invasive
because it reduces biodiversity and alters wetland
functions (reviewed in Bansal et al. 2019).

The invasion of wetlands around the Laurentian
Great Lakes has led to multiple management pro-
grams aimed at controlling or eliminating 7. X glauca
(e.g. Lawrence et al. 2016; Graham et al. 2022), and
has also raised concerns about range expansion by
this invasive hybrid, including into the Prairie Pot-
hole Region (PPR) of North America. The PPR
occurs within the Great Plains of central North Amer-
ica, and includes one of the world’s largest wetland
complexes. Here there are an estimated 5-8 million
wetlands commonly referred to as potholes, most of
which are depressions <1 ha in area, <1 m in depth,
and commonly within farmland (Doherty et al. 2016).
Wetlands in the PPR provide essential ecosystem ser-
vices, and harbour substantial levels of biodiversity,
for example they enable millions of waterfowl to
migrate through, and breed within, the PPR each year
(Doherty et al. 2018; Pattison-Williams et al. 2018).
Monitoring invasive wetland plants in the PPR is
essential to our understanding of whether these wet-
lands are at risk from substantial modification follow-
ing biological invasions. A recent study that surveyed
131 wetlands spread over approximately 350,000 km?
in the central and eastern PPR found hybrid cattails
in over 80% of surveyed wetlands; in contrast, 7. lati-
folia was found in 26% of wetlands, and T. angustifo-
lia in 18% of wetlands (Tangen et al. 2022). Non-F1
hybrids comprised the most common taxonomic cat-
egory in the central/eastern PPR (57% of genets com-
pared to 30% that were F1 hybrids), which suggests
that the hybrid zone in the central/eastern PPR is not
very recent (Tangen et al. 2022).

While the Tangen et al. study (2022) provided
important information about the abundance and occu-
pancy of hybrid Typha throughout wetlands in the
central and southeast PPR, some knowledge gaps
remain. In this study we expanded the investigation
of the Typha hybrid zone into previously unsampled
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regions of the west/northwest PPR, beyond the pre-
sumed range limit of 7. angustifolia. F1 T. X glauca
hybrids arise following asymmetric hybridization, in
which T. angustifolia is normally the maternal parent
and T. latifolia is the paternal parent (Pieper 2017).
There are almost no records of 7. angustifolia from
the western PPR, which could preclude the local for-
mation of hybrids, and we therefore addressed the fol-
lowing questions: (1) is the paucity of T. angustifolia
records from the western PPR an accurate reflection
of T. angustifolia occurrence in this region? (2) If
T. angustifolia plants occur in the western PPR, are
they producing seeds that are 7. X glauca? (3) Does
the range expansion of 7. X glauca follow the range
expansion of its maternal species, 7. angustifolia?

Methods
Field work

Between August 19 and August 24, 2022, we sam-
pled 246 Typha plants from 50 wetlands (34 wetlands
in the province of Saskatchewan, 16 wetlands in the
province of Alberta) in the western PPR (Fig. 1,
Table S1). Sampled sites were mostly restricted to
small wetlands accessible from roadsides because
a substantial portion of the Prairie Pothole Region
is privately owned agricultural land. This sampling
strategy should not have influenced our findings
because an earlier study found that Typha species
and hybrids had comparable frequencies in wetlands
versus ditches in eastern North America (Pieper et al.
2020). Typha latifolia is native to Saskatchewan and
Alberta (Flora of North America 2008) and was
thus expected to occur at the majority of sites; we
therefore prioritized the sampling of T. angustifolia
followed by T. X glauca. We did this by first visu-
ally inspecting the stands at each site and identify-
ing plants that appeared to have the narrowest leaves
and—for flowering plants—the largest gaps between
the staminate and pistillate flowers: T. angustifolia
has the narrowest leaves and largest flower gaps, T
latifolia has the widest leaves and typically no dis-
cernible flower gap, and F1 hybrids are intermediate
in both traits (Smith 1967). Between two and eight
plants with what appeared to be the narrowest leaves
were sampled at each site (average number of plants
per site=4.9; Table S1); plants were separated by a
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Fig. 1 Distribution of Typha taxa across the 50 sampled wet-
lands. At each site a pie chart illustrates the percentage of
each taxon. Black dots within the pie chart represent the site
location, and leader lines were used to connect pie charts to

minimum of 2 m to reduce the likelihood of sampling
ramets from the same genet. From each sampled plant
we collected two leaf fragments approximately 10 cm
long. Leaf samples were placed into labelled coin
envelopes, and the envelopes were placed in a plastic
zippered bag containing Sor bead orange silica beads
for desiccation. In addition, we collected mature
fruits from nine plants growing at two sites (Craik
and Regina; Table S1) that were provisionally identi-
fied as T. angustifolia, and stored these in paper bags
that were enclosed within resealable plastic bags. Our
sample size of T. angustifolia fruits was relatively
small because it was the least common taxon, plus not
all plants flower in any given year.

Genotyping

Because the leaf widths and flower gaps of advanced-
generation (AGH) and backcrossed hybrids (BCH)
can overlap with parental taxa (Snow et al. 2010; Kirk
et al. 2011; Geddes et al. 2021; Tangen et al. 2022),
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site locations when nearby wetlands were also sampled. The
shaded area in the inset represents the approximate geographic
boundaries of the western prairie pothole region

we used genetic information to identify the taxonomy
of each sampled plant. In brief, we followed the meth-
ods described in Chambers et al. (2024) to extract
DNA and genotype each plant at up to five loci with
species-specific alleles (one microsatellite locus and
four PCR-RFLP loci). Plants with exclusively Typha
latifolia alleles (identified as T. latifolia), T. angus-
tifolia alleles (identified as T. angustifolia), or hete-
rozygous loci (one T. latifolia and one T. angustifo-
lia allele at each locus; identified as F, hybrids) were
genotyped at all five loci. Plants that were heterozy-
gous for Typha latifolia and Typha angustifolia alleles
at some but not at all loci (genotyped at between two
and five loci) were identified as advanced generation
or backcrossed hybrids and pooled into a single cat-
egory of non-F1 hybrids.

Seed germination and identification

The nine putative T. angustifolia plants from which
we collected seeds were taxonomically confirmed
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from genetic data using the methods described above.
To investigate whether these plants were generating
exclusively F1 hybrids, we germinated their seeds and
genotyped a subset of their offspring. The seeds were
separated from the inflorescence stalk, and from each
maternal plant approximately 0.5 g of fruit was pre-
pared for germination following the protocol outlined
in (Ahee et al. 2015). The seeds were left to germi-
nate in petri dishes filled with DI water in a climate-
controlled (15-20 °C) greenhouse at Trent University.
After 6 days the seedlings were transferred into 10 cm
pots filled with well-draining soil from Sunshine
Professional growing mixture (germination grade;
Sun Gro Horticulture, Brantford, Canada) and left in
the greenhouse on plastic trays filled with tap water.
Seedlings were fertilized after 45 days using 100 mL
of 0.5% water-soluble 20:20:20 N:P: K general-pur-
pose fertilizer (Plant-Prod, Leamington, Ontario).
Ten seedlings from each maternal plant were har-
vested after approximately 80-90 days, by which
time they had reached heights of approximately 8 cm.
Harvested seedlings were put into coin envelopes in
resealable plastic bags containing orange silica beads
(Sor bead, USA) for desiccation. DNA extraction and
genotyping followed the same methods described for
the plant samples collected in the field.

Results
Distribution of taxa

Overall, the majority of the samples that we geno-
typed were T. latifolia, followed by F1 T. X glauca,
T. angustifolia, and then non-F1 hybrids (Table 1).
Hybrids were more abundant and identified at more
sites than the maternal taxon 7. angustifolia (Fig. 1)

despite a sampling strategy that prioritized T
angustifolia.

T. angustifolia offspring

The 90 genotyped offspring of nine 7. angustifolia
plants comprised 78 (87%) T. angustifolia, 10 (11%)
F1 hybrids, and 2 (2%) non-F1 hybrids (advanced-
generation or backcrossed hybrids). Seed samples
from five of the nine T. angustifolia plants included
no hybrid offspring. The remaining four plants had
1/10, 1/10, 2/10, and 8/10 hybrids (either F1 or back-
crossed hybrids) among their offspring.

Discussion

The data collected in this study allow us to address
the three questions presented in our introduction.
First, the paucity of T. angustifolia records from the
western PPR does indeed seem to be a fairly accurate
reflection of its occurrence in this region: despite a
sampling strategy that prioritized 7. angustifolia, we
found this species at only four of the 50 sampled sites.
At least one record suggests that 7. angustifolia has
been present in the western PPR since the late 1970s
(Harms and Ledingham 1986). This record was not
verified with genetic data but, if accurate, suggests
that despite being in the western PPR for several dec-
ades T. angustifolia remains rare and thus may not be
adapted to conditions in this region. Our second ques-
tion asked whether 7. angustifolia in the western PPR
are producing hybrid seeds. Although our sample size
was small (reflecting the small number of 7. angusti-
folia in this region—and the even smaller number of
flowering T. angustifolia), we found that T. angusti-
folia mostly produce T. angustifolia seedlings, with

Table 1 Typha taxa (number and percentage) identified from 50 wetlands in the western Prairie Pothole Region

Taxon Number (%) of Number (%) of sampled SK Number (%) of sampled AB Total number
sampled plants wetlands (out of a total of 34) wetlands (out of a total of 16) (%) of wet-
lands
Typha latifolia 183 (75%) 24 (711%) 16 (100%) 40 (80%)
F1 Typha X glauca 40 (16%) 10 (29%) 0 (0%) 10 (20%)
Typha angustifolia 17 (%) 3(9%) 1(6%) 4 (8%)
Backcrossed/advanced- 5 (2%) 3 (9%) 0 (0%) 3 (6%)

generation hybrids

SK = Saskatchewan, AB = Alberta. The last three columns sum to > 100% because some sites included multiple taxa
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only 13% of our seedling sample comprising hybrids.
This was an unexpected finding given the predomi-
nance of T. latifolia in the area (75% of plants despite
a sampling strategy that favoured other taxa), which
in turn should increase the likelihood of T. angustifo-
lia plants being pollinated by heterospecifics and pro-
ducing mostly hybrids. Previous studies have shown
that seedling production by T. angustifolia is compa-
rable when pollinated by T. angustifolia, T. latifolia,
or T. X glauca (Pieper et al. 2017), and therefore the
predominance of 7. angustifolia seedlings may be at
least partly explained by other forms of reproductive
barriers such as different flowering times.

Although we did not find 7. X glauca in any of
the Alberta sites, it was found in 10/34 Saskatch-
ewan wetlands, compared to 7. angustifolia in only
3/34 Saskatchewan wetlands, suggesting a westwards
expansion. Additionally, unlike in other regions
(including the Great Lakes region and the central/
eastern PPR), we found very few non-FI hybrids. A
paucity of non-F1 hybrids, combined with the fact
that hybrids remain overall less common than T.
latifolia (although dominate some of the more east-
erly sites that we sampled), suggests that hybrids
have only recently colonized this area. The western
PPR therefore appears to be the leading edge of the
hybrid range expansion. Our third question asked
whether the range expansion of 7. X glauca into the
western PPR is following that of its maternal spe-
cies T. angustifolia, and our data suggest this is not
the case: because the hybrid occurred at more sites,
and across a larger area, than T. angustifolia, it does
not appear reliant on its maternal species for success-
ful establishment at new sites. Although we found
that T. angustifolia produce only a small proportion
of hybrid seeds, these have the potential for disper-
sal across short and long distances via wind, water,
or animal vectors including waterfowl (Soons 2006;
Soons et al. 2008), and thus can colonize sites from
which the maternal species is absent. Additionally,
backcrossed hybrids, advanced-generation hybrids,
and vegetative propagation can perpetuate hybrid
Typha in the absence of its maternal species. In east-
ern Canada and the central/eastern PPR 7. X glauca
has outcompeted both parental species (Freeland et al.
2013; Pieper et al. 2020; Tangen et al. 2022), and may
be able to dominate wetlands even with relatively
low propagule pressure. Our results collectively sug-
gest that T. X glauca has the capacity for continued

range expansion that is not reliant on the presence of
T. angustifolia, and the impacts of this range expan-
sion should be monitored because of the potential for
this wetland plant to impede ecosystem services and
reduce local biodiversity.
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