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Abstract

Hybridization can play an important role in the evolution of invasiveness. Eurasian watermilfoil
(Myriophyllum spicatum L.) is a widespread aquatic invasive plant species that hybridizes with
native northern watermilfoil (Myriophyllum sibiricurn Kom.). Previous studies have found
mixed evidence for whether hybrid watermilfoil (Myriophyllum spicatum X sibiricum) and pure
M. spicatum differ in vegetative growth rate and herbicide response. While several studies have
emphasized variation in these traits among M. spicatum X sibiricum genotypes, variation within
M. spicatum has not been considered. Therefore, it is unclear how much genetic variation
influences invasive traits and management outcomes within M. spicatum versus between
M. spicatum and M. spicatum X sibiricum. If M. spicatum X sibiricum genotypes are always
more invasive than M. spicatum genotypes, simply distinguishing taxa may be sufficient for
identifying lake management priorities; however, if significant phenotypic overlap is observed
between taxa, distinguishing individual genotypes may be important for tailoring management
strategies. We performed replicated trials of a vegetative growth and 2,4-D assay to measure
clonal variation in growth rate and herbicide response of M. spicatum and M. spicatum X sibir-
icum. Our results indicate that M. spicatum X sibiricum exhibits higher average vegetative
growth than M. spicatum, regardless of whether it was treated with subsurface applications
of 2,4-D. We did not observe interactions between taxon and treatment or between genotype
and treatment. Despite differences between M. spicatum and M. spicatum X sibiricum in
average vegetative growth, there was substantial overlap between taxa. For example, we found
that the fastest-growing genotype of pure M. spicatum did not differ significantly in average
growth from the fastest-growing M. spicatum X sibiricum genotype. The potential for overlap
between these invasive Myriophyllum taxa suggests that distinguishing and characterizing
genotypes may be more informative for management than simply distinguishing between
M. spicatum and M. spicatum X sibiricum.

Evolutionary biologists have long hypothesized that genetic variation plays an important role in
invasion success by facilitating adaptation to the environmental pressures of the novel habitat
(Baker 1965; Lee 2002; Mooney and Cleland 2001). High levels of genetic variation have been
documented in invasive species (Ward et al. 2008), and previous studies have demonstrated that
phenotypic variation within species can be as extreme as phenotypic variation across species
(Albert et al. 2010). Intraspecific trait variation may therefore influence factors associated with
invasion success as much as interspecific variation (Des Roches et al. 2018; Wellband et al. 2017).
However, because invasions are often studied at the species level, the role of genetic variation in
invasive species management is rarely considered.

In clonal species, genetic variation is described between clonal lineages (genotypes), and trait
variation between these genotypes may impact invasion success. For example, with sufficient
trait variation, different genotypes may successfully persist in the presence of different environ-
mental conditions, thus extending the ecological range of the broader taxon (terHorst and Lau
2015). In clonal invasive plants, trait variation between genotypes may also be relevant to the
ability of the broader taxon to adapt to management tools such as herbicides (Michel et al. 2004).

The range of genetic diversity present in an invasive plant species may also be impacted by
hybridization events (Ellstrand and Schierenbeck 2000; Pierce et al. 2017; Zalapa et al. 2010).
Plant invaders capable of sexual reproduction may hybridize with related taxa in the novel
habitat, and a hybrid taxon may exhibit increased vigor compared with its parental taxa due
to high levels of heterozygosity (Stebbins 1985). Furthermore, the generation of novel hybrid
genotypes increases the genetic variation of an invasive population, and one of these hybrid
genotypes may represent better adaptations to certain environmental conditions than any
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Management Implications

Myriophyllum spicatum X sibiricum (hybrid watermilfoil) has
been associated with faster growth rates and increased tolerance to
herbicides compared with pure invasive Myriophyllum spicatum
(Eurasian watermilfoil) and has thus become prioritized for
management. Because M. spicatum and M. spicatum X sibiricum
are morphologically similar, taxon-level genetic identification has
commonly been used to identify priority populations of M. spicatum X
sibiricum.

In our assay, M. spicatum X sibiricum exhibited higher average
growth than M. spicatum. However, we observed substantial overlap
in vegetative growth between taxa. Thus, not all M. spicatum x
sibiricum genotypes are fast growers, and some pure M. spicatum
genotypes can be as invasive as some M. spicatum X sibiricum geno-
types. While we did not see variation in 2,4-D response between taxa
or between genotypes, relatively fast-growing genotypes in control
tanks tended to be relatively fast growers in treatment tanks, with
the same pattern occurring for slow growers. This genotype-level
variation in vegetative growth, combined with the relationship
between growth in control and growth in treatment, suggests that
relatively fast-growing genotypes may have higher remaining
biomass after a treatment with 2,4-D than relatively slow-growing
genotypes. Identifying lake management priorities may therefore
depend on identifying particularly fast-growing genotypes, rather
than simply looking for hybrid genotypes.

Due to clonal reproduction, genotypes of invasive Myriophyllum
can be tracked across the landscape, and characterizing a single
genotype for invasive trait values (e.g., vegetative growth, response
to commonly used herbicides) may be applicable to multiple lakes.
If a particular genotype is identified to be a relatively fast grower,
managers considering herbicide applications to treat populations
of that genotype may consider alternatives to 2,4-D that result in
lower posttreatment biomass values.

parental genotypes (Ellstrand and Schierenbeck 2000). In species
with clonal ability, better-adapted genotypes may be propagated
indefinitely (Balloux et al. 2003). Due to the addition of genetic
variation and potential for increased invasiveness, invasive hybrids
have become a focus of invasive species research and management
(Blair and Hufbauer 2010; Ellstrand and Schierenbeck 2000;
Rieseberg and Willis 2007).

Eurasian watermilfoil (Myriophyllum spicatum L.) is an inva-
sive aquatic plant species, and one of the most widespread and
heavily managed aquatic weeds in the United States (Bartodziej
and Ludlow 1998; Cofrancesco 1993). Due to concerns about
impacts on native plant communities and human recreation, M.
spicatum is heavily managed using several systemic and contact
herbicides (e.g., 2,4-D, fluridone, triclopyr, florpyrauxifen-benzyl,
endothall).

Myriophyllum spicatum hybridizes with northern watermilfoil
(Myriophyllum sibiricum Kom.), which is native to North America.
Hybrid watermilfoil (Myriophyllum spicatum X sibiricum) was
identified as a cryptic invader long after M. spicatum invasion
was documented in North America due to morphological simi-
larity with the parental taxa (Moody and Les 2002, 2007). Since
its recognition, concerns about increased vigor in M. spicatum X
sibiricum compared with pure M. spicatum have made M. spicatum
X sibiricum a focus of genetic study (LaRue et al. 2013; Moody and

https://doi.org/10.1017/inp.2022.4 Published online by Cambridge University Press

Hoff and Thum: Myriophyllum invasiveness

Les 2007; Taylor et al. 2017). As M. spicatum and M. spicatum X
sibiricum are visually similar, taxon-level genetic identification (Grafe
etal. 2014) is commonly used to identify M. spicatum X sibiricum popu-
lations for prioritization. In addition, Myriophyllum taxa reproduce
clonally, and molecular genetic studies have identified distinct genotypes
within both M. spicatum and M. spicatum X sibiricum that may
exhibit distinct sets of traits (Pashnick and Thum 2020; Zuellig
and Thum 2012).

General concerns about invasiveness of hybrid taxa have led to
concerns about increased invasiveness in M. spicatum X sibiricum
compared with pure M. spicatum. Laboratory studies comparing
average growth and herbicide response in M. spicatum and
M. spicatum X sibiricum have documented faster growth and
increased tolerance to herbicide in M. spicatum X sibiricum
(LaRue et al. 2013; Taylor et al. 2017). Similarly, a field study of
2,4-D treatment impacts in 23 Wisconsin lakes documented rela-
tively better control in lakes with pure M. spicatum compared with
most lakes with M. spicatum X sibiricum populations (Nault et al.
2017). However, two studies comparing a single genotype of
M. spicatum with a single genotype of M. spicatum X sibiricum
concluded that the two taxa did not differ in vegetative growth rate
or in response to the systemic herbicides 2,4-D, triclopyr, or flur-
idone (Poovey et al. 2007; Slade et al. 2007). A disparity thus exists
between studies examining differences in invasive traits between
M. spicatum and M. spicatum X sibiricum. This disparity suggests
that variation within M. spicatum and M. spicatum X sibiricum
may impact comparisons of invasive traits at the taxon level.

Numerous studies have emphasized variation between
M. spicatum X sibiricum genotypes in vegetative growth and herbi-
cide response (e.g., LaRue et al. 2013; Taylor et al. 2017).
In contrast, although numerous genotypes of pure M. spicatum
have been identified (Thum et al. 2020; Zuellig and Thum
2012), comparatively little attention has been paid to whether there
is statistically significant and biologically meaningful variation in
invasive traits (e.g., vegetative growth) and herbicide response in
M. spicatum (but see Chorak and Thum 2020; Thum and
McNair 2018). Therefore, it is unclear how important genetic
variation within M. spicatum versus between pure M. spicatum
and M. spicatum X sibiricum is in influencing invasive traits and
management outcomes. In this study, we compared clonal varia-
tion within and between M. spicatum and M. spicatum X sibiricum
for two traits associated with their invasiveness—vegetative growth
rate and response to the systemic herbicide 2,4-D.

To make comparisons between and within taxa, our assay
included four different genotypes each of pure M. spicatum and
M. spicatum X sibiricum hybrids (Table 1). The microsatellite
multilocus genotypes for each taxon were determined in a previous
study (Thum et al. 2020), and a culture of each genotype was
started from a single meristem collected in the field and vegeta-
tively propagated in the Montana State University Plant Growth
Center (Bozeman, MT).

While different lakes often contain different genotypes of
invasive Myriophyllum, some genotypes may be shared among
lakes (Thum et al. 2020). For example, the pure M. spicatum geno-
types used in our assay (E-1-E-4; Table 1) have each been found in
more than one lake (Thum et al. 2020; Thum, unpublished data),
and characterizing their vegetative growth rates and herbicide
responses may therefore inform management in lakes outside
the specific lakes that they were collected from for our assay.
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Table 1. Names and locations of lakes where genotypes used in the vegetative
growth assay were collected.

Genotype? Taxon Lake® County State
E-1 Eurasian Langford Gogebic Michigan
E-2 Eurasian Bair Cass Michigan
E-3 Eurasian Coeur d’Alene Kootenai Idaho
E-4 Eurasian Spring Ottawa Michigan
H-1 Hybrid Coeur d’Alene Kootenai Idaho
H-2 Hybrid White Oakland Michigan
H-3 Hybrid Spring Ottawa Michigan
H-4 Hybrid White Oakland Michigan

2E, Eurasian watermilfoil (Myriophyllum spicatum); H, hybrid watermilfoil (Myriophyllum
spicatum x sibiricum). Number codes were assigned for figure clarity based on mean growth
rate rank. All four M. spicatum genotypes have been found in multiple waterbodies in the
United States (Thum et al. 2020; RAT, unpublished data).

bLake location information corresponds to the lake from which stems were collected for this
assay.

Additionally, if multiple genotypes are present within a lake, geno-
type-level differences in invasive trait values may lead to changes in
population composition over time. For example, a faster-growing
genotype may displace a slower-growing genotype, or a herbicide-
resistant genotype may replace a more sensitive genotype following
a herbicide application. Of particular interest to managers is
whether M. spicatum X sibiricum genotypes will displace
M. spicatum genotypes. Therefore, we included two pairs of
M. spicatum and M. spicatum X sibiricum genotypes that were
found in the same lake (E3+H1 from Coeur d’Alene Lake, and
E-4+H3 from Spring Lake; Table 1) to assess whether heightened
concerns about managing M. spicatum X sibiricum genotypes in
those lakes would be warranted. In addition, multiple genotypes
of the same taxon can co-occur in a lake, and we included a pair
of co-occurring M. spicatum X sibiricum genotypes (H-24+H-4
from White Lake; Table 1).

To measure both vegetative growth and 2,4-D response in
M. spicatum and M. spicatum X sibiricum, we conducted a green-
house treatment versus control assay. We replicated the assay twice
on all eight genotypes (hereafter referred to as Trials 1 and 2), with
planting dates staggered by 6 wk between trials. For each trial,
we vegetatively propagated cultures of each genotype to generate
enough meristems for the assay. For each of the two trials, six
378.5-L steel stock tanks (60 by 60 by 120 cm) were filled with
approximately 300 L of Smart and Barko (1985) buffered
water. On June 25, 2020 (Trial 1), and August 6, 2020 (Trial 2),
a 10-cm stem of each genotype was planted into a 0.53-L plastic
cup filled with soil (1:1:1 topsoil/sand/peat) and capped with
quartz sand. To account for tank variance, three cup plantings
of each genotype were randomly placed in each tank. After
planting, plants acclimated for 6 wk. Both trials were conducted
under greenhouse conditions with ambient and supplemental
incandescent lighting to maintain a 16-h light:8-h dark period.
Air bubblers were placed in each tank and remained throughout
each trial to maintain aeration of the water. Water temperatures
in tanks ranged from 18 to 22 C in both trials, and water filtered
by reverse osmosis was replaced weekly as it evaporated.

After the 6-wk establishment period, we treated three random
tanks in each trial with 2,4-D (Alfa Aesar, Thermo Fisher Scientific,
Lancashire, LA, UK), for a target concentration exposure time
(CET) of 500 pg L~! for 72 h. We recognize that 2,4-D efficacy
is a function of both herbicide concentration and exposure time.
Further, we recognize that target concentrations for 2,4-D in
operational applications are often higher than 500 pg L.
However, patterns of dilution and dissipation commonly result
in doses that are lower than the target CET. For example, Nault
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etal.’s (2012) field study found that the mean 2,4-D concentration
between 0 and 3 d after treatment for a lake with a target CET
of 2,500 pg L™' was 613 pg L™!. Given that we could only do
one treatment level because of inherent space constraints, we chose
500 pg L™! as our treatment concentration, because we believe that
is a more realistic representation of doses that are achieved in field
applications compared with higher doses. We chose 72 h as our
exposure time, because that CET combination is predicted to
control M. spicatum (Green and Westerdahl 1990). Herbicide
concentrations in Trial 1 ranged from 493 to 571 pg L7
Herbicide concentrations in tanks in Trial 2 at 1 h posttreatment
were 364 to 371 pg L', and thus did not reach the target dose
required. Following the 72-h treatment exposure period, all tanks
were drained, flushed with 125 L of Smart and Barko (1985)
buffered water, and refilled with 300 L of Smart and Barko
(1985) buffered water. We harvested all viable material above
the sediment at 6 wk after treatment, dried it to a constant weight
at 44 C, and measured for dry weight biomass.

We tested for differences in growth between taxa and among
genotypes using a linear mixed-effects model in R package LME4
(Bates et al. 2015). Taxon, genotype, and 2,4-D treatment (control
vs. treated), as well as the interaction terms between taxon and
2,4-D treatment and between genotype and 2,4-D treatment, were
treated as fixed effects. To ensure that variation in treatment
concentration between Trial 1 and Trial 2 did not impact overall
results, we tested main effects and interactions using a linear
mixed-effects model on each trial individually. As the main effect
of treatment was significant in all cases and there were no signifi-
cant interactions detected, data were pooled across trials, and we
included trial in the linear model as a random block effect.
Treatment, taxon, and genotype (nested within taxon), as well
as interactions between taxon and treatment and between geno-
type and treatment, were included as fixed effects in the linear
model. In the growth assay, each genotype was grown in three
separate cup plantings (replicates) within each tank. However,
neither tank nor replicate were included as random effects in
the model, because the model fit (using the Akaike information
criterion) was improved without them. Genotype was nested
within taxon to test for differences in growth (dry weight) between
and within taxa. Overall data were log;, transformed to meet the
normality assumption of ANOVA.

We measured treatment response for each taxon and genotype
as the difference in mean dry weight between control and
treatment. As differences in growth and 2,4-D response between
taxa were a priori contrasts, we used the EMMEANS package in
R to calculate estimated marginal means and performed contrasts
between taxa for mean dry weight in both control and treatment
(Lenth 2020; Supplementary Appendix S1). Finally, to assess varia-
tion among genotypes, we used a Tukey’s honestly significant
difference test to conduct post hoc pairwise comparisons for each
genotype and treatment combination.

Even when auxinic herbicide treatments result in undetectable
levels of invasive Myriophyllum, regrowth commonly occurs.
Thus, control efforts rarely eradicate populations completely
(Netherland 2014). While it is possible that regrowth occurs due
to seedbank recruitment or fragment recolonization from
untreated areas of a lake, regrowth may also occur in treated areas
from plants that are not completely killed during auxinic herbicide
treatment (Thum et al. 2017). Vegetative growth rate may thus
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Table 2. ANOVA (type Il Satterthwaite’s method) table for the linear mixed regression model [dry weight ~ taxon*treatment*genotype(taxon) +
(1]trial)] determining the effects of Myriophyllum taxon and genotype as well as effect of the 500 pug L™ 2,4-D treatment on dry weight.

Sum of squares Mean squares df F-value P-value
Taxon 0.066 0.066 1 3.217 0.074
Treatment 1.229 1.229 1 59.640 <0.001
Genotype (taxon) 1.824 0.304 6 14.750 <0.001
Taxon X treatment 0.002 0.002 1 0.090 0.764
Genotype (taxon) X treatment 0.142 0.024 6 1.145 0.337
Control Treatment
AB ABC CD D A ABCBCD CD BC BC D D B B BC CD
0.9
c T
— axon
c 0.6
g . Eurasian
= Hybrid
[m]

0.3

0.0 1

E41 E2 E3 E4 HA1 H2 H3 H4 E-1
Genotype

E2 E3 E4 H1 H2 H3 H4

Figure 1. Average dry weight (g + SE) values for eight genotypes of invasive Myriophyllum: four Myriophyllum spicatum (black bars) and four Myriophyllum spicatum X sibiricum
(gray bars). Each of the genotypes is represented by a letter+number combination for figure clarity. The letter indicates the taxon associated with each genotype: E, Eurasian
watermilfoil (Myriophyllum spicatum); H, hybrid watermilfoil (Myriophyllum spicatum X sibiricum). The number indicates its within-taxon ranking in mean growth rate. The dashed
line denotes mean dry weight for M. spicatum x sibiricum hybrids in each treatment type, and the solid line denotes mean dry weight for pure M. spicatum in each treatment type.
Different letters represent significant differences between genotypes across both control and treatment.

impact regrowth after treatment as well as biomass accumulation
before treatment. In our assay, all plants in treatment tanks showed
signs of auxin injury (i.e., epinasty, stem curling) following subsur-
face application of 2,4-D. However, despite a period of initial injury
following exposure to 2,4-D, regrowth via axillary meristems was
common from incomplete kill of treated plants.

To test whether 2,4-D had a negative impact on invasive
Myriophyllum biomass, we included treatment as a main effect.
Despite underdosing in Trial 2, untreated plants grew significantly
better than plants that were treated with a subsurface application of
2,4-D (F=59.64, P <0.001; Table 2). We thus expect that 2,4-D
treatment will lead to reduced overall biomass of invasive
Myriophyllum when used in lake management.

We tested for differences in vegetative growth between pure M.
spicatum and M. spicatum X sibiricum hybrids by including taxon
as a main effect. The main effect of taxon was marginally detectable
using the full model (F=3.217, P =0.0740; Table 2). Contrasts
supported that M. spicatum X sibiricum had significantly higher
average vegetative growth than M. spicatum in both control

https://doi.org/10.1017/inp.2022.4 Published online by Cambridge University Press

(t = —2.456, P =0.0147) and 2,4-D-treated plants (¢ = —3.105,
P =0.0021; Figure 1). These findings suggest that hybridization
may play a role in increased growth rate and that M. spicatum X
sibiricum may be more invasive on average than pure
M. spicatum.

Genotypes E-4 and H-3, as well as E-3 and H-1, are two
M. spicatum-M. spicatum X sibiricum pairs of genotypes that
co-occur in the same lake (Table 1). In the E-44+H-3 pair, the
M. spicatum X sibiricum genotype had higher average vegetative
growth compared with the M. spicatum genotype under treatment
(Figure 1). In the E-3+H-1 pair, the M. spicatum X sibiricum
genotype had higher average vegetative growth compared with
the M. spicatum genotype in both treatment and control
(Figure 1). This is consistent with the broader pattern of higher
average vegetative growth in M. spicatum X sibiricum compared
with M. spicatum. Thus, in the absence of genotype-specific data,
prioritization of M. spicatum X sibiricum genotypes in lake
management may be justified. Further, the observed differences
in growth rates between co-occurring genotypes may lead to
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changes in the composition of these lakes over time if the faster-
growing genotype is able to displace the slower-growing genotype.

Herbicide tolerance is defined as differences between species in
their ability to survive and reproduce following a herbicide treat-
ment, and some managers have speculated that M. spicatum X
sibiricum hybrids are generally more tolerant to 2,4-D than pure
M. spicatum. If M. spicatum X sibiricum was more tolerant to
2,4-D treatment than M. spicatum, we would expect to see an inter-
action between taxon and treatment in our analysis. However,
there was no difference between taxa in the degree to which
2,4-D decreased dry weight (F=0.090, P=0.764; Table 2),
suggesting that hybrids are not generally more tolerant to 2,4-D,
per se. However, we did observe higher average overall biomass
in M. spicatum X sibiricum compared with M. spicatum when
treated with 2,4-D (Figure 1), which may influence the perception
that M. spicatum X sibiricum is more difficult to control because
there is more overall biomass of hybrids after 2,4-D treatment.

We observed variation in vegetative growth rate between
genotypes (F=14.75, P <0.001; Table 2). For example, a pair of
M. spicatum X sibiricum genotypes (H-2 and H-4) that co-occur
in the same lake (Table 1) differed in average vegetative growth
when treated with 2,4-D (Figure 1). Thus, genotypes of the same
taxon may differ in management-relevant traits. Additionally,
while genetic study has focused on variation in M. spicatum X
sibiricum (LaRue et al. 2013; Moody and Les 2007; Taylor et al.
2017), we documented substantial variation in pure M. spicatum
(Figure 1).

Herbicide resistance is defined as the inherited ability of a plant
to survive and reproduce following exposure to a dose of herbicide
normally lethal to the wild type. In this study system, resistance
would be represented by an unusually flat slope in the line between
its average biomass in control and in treatment relative to other
genotypes. If some genotypes were more resistant to 2,4-D treat-
ment than others, we would thus expect to see an interaction
between genotype and treatment. However, we observed no
differences between genotypes in the degree to which 2,4-D treat-
ment decreased their dry weight (F=1.145, P =0.337; Table 2).
Rather, relatively fast growers in control tanks tended to be rela-
tively fast growers in treatment tanks, with the same pattern occur-
ring for slow growers (Figure 1). These results are consistent with a
previous study testing the effects of 500 and 1,000 pg L™! 2,4-D on
different genotypes of M. spicatum X sibiricum (Taylor et al. 2017)
and indicate that vegetative growth in the absence of treatment
may be a strong predictor of growth in the presence of 2,4-D.
Therefore, while we did not detect 2,4-D resistance in the
M. spicatum or M. spicatum X sibiricum genotypes screened,
we expect that fast-growing genotypes will have relatively higher
remaining biomass following 2,4-D treatment, which may lead
to greater difficulty in control. Further, although we did not
detect evidence for resistance in the genotypes we studied, it is
possible that other genotypes may be resistant to 2,4-D, and
continued genetic monitoring and genotype-level characterization
is warranted.

The fastest-growing genotype of M. spicatum (E-1) present in
this experiment is geographically widespread across its novel range
and has been documented in multiple states across the United
States (Thum et al. 2020). The E-1 genotype also occurs in high
abundance in more localized areas; for example, a survey of
62 lakes in Minnesota from 2017 to 2018 found that the E-1 geno-
type accounted for 93% of M. spicatum infestations in Minnesota
(Thum et al. 2020). As growth rate has been tied to colonization
success in clonal species (Herben et al. 2014), fast growth rates
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may have played a role in the ability of the E-1 genotype to colonize
and establish in new water bodies upon introduction. Further, as
fast-growing genotypes in control tanks tended to also exhibit fast
growth in treatment (Figure 1), the E-1 genotype may be able to
maintain relatively high biomass in lakes treated with 2,4-D and
may pose management concerns similar to those surrounding
genotypes of M. spicatum X sibiricum.

While we observed significant differences in vegetative growth
between M. spicatum and M. spicatum X sibiricum in control and
treatment, there was significant overlap between taxa. For example,
the fastest-growing M. spicatum genotype (E-1) did not differ
significantly in average growth from the fastest-growing
M. spicatum X sibiricum genotype (H-1) in control or in treatment
(Figure 1). This suggests that M. spicatum genotypes may be
comparatively invasive compared with some M. spicatum X sibir-
icum genotypes. Further, the slowest-growing M. spicatum geno-
type (E-4) did not differ significantly from the slowest-growing
M. spicatum X sibiricum genotype (H-4) in control or in treatment
(Figure 1). Thus, not all M. spicatum X sibiricum genotypes are fast
growers. As M. spicatum and M. spicatum X sibiricum are visually
similar, genetic identification is commonly used to distinguish
these taxa (Grafe et al. 2014). However, this overlap suggests that
management decisions purely based on the Myriophyllum taxa that
are present in a lake may fail to account for overlap between
M. spicatum and M. spicatum X sibiricum and that monitoring
at the genotype level may be important for tailoring lake manage-
ment strategies.

Genotype-level variation in vegetative growth, as well as the
relationship between growth in control and growth in treatment,
suggests that relatively fast-growing genotypes may have higher
remaining biomass than relatively slow-growing genotypes
following subsurface application of 2,4-D. Identifying lake manage-
ment priorities may therefore depend on identifying particularly fast-
growing genotypes, rather than simply identifying populations of
M. spicatum X sibiricum. If a genotype is identified to be a particularly
fast grower, managers considering herbicide applications to treat
populations of that genotype may consider alternatives to 2,4-D that
result in greater biomass declines posttreatment.

Overall, we observed significant differences between
M. spicatum and M. spicatum X sibiricum in vegetative growth
in control and treatment and no difference in how the two
taxa responded to 2,4-D. Thus, prioritization of M. spicatum X
sibiricum in lake management may often be warranted if moni-
toring at the genotype level is not possible. However, transitioning
from taxon-level identification to genotype-level identification is
feasible due to the development of fingerprinting methods that
distinguish genotypes (Thum et al. 2020; Wu et al. 2013). The poten-
tial for overlap between taxa in management-relevant traits suggests
that continued genetic monitoring at the genotype level is the most
reliable way to predict how a certain genotype or set of co-occurring
genotypes will grow and respond to management.
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