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SUMMARY. Conventional wisdom suggests that native aquatic plants have evolved to
fill a specific ecological niche, and that their growth is regulated by environmental
conditions or the presence of natural enemies that limit the distribution or abun-
dance of the species. However, it is becoming obvious that native species are not
always well-behaved and can develop populations that quickly reach nuisance levels
that require management to avoid negative ecological impacts. This work summa-
rizes information presented at the American Society for Horticultural Science In-
vasive Plants Research Professional Interest Group Workshops in 2017 and 2018,
and it highlights the phenomenon of species that are considered both native and
invasive in the aquatic ecosystems of Florida. These ‘‘natives gone rogue’’ are
comparedwith the introduced species theymimic, and the consequences of excessive
aquatic plant growth, regardless of the origin of the species, are described.

N
on-native invasive species
pose a significant threat to
aquatic ecosystems and can

disrupt the use of invaded systems.
For example, alien plants often out-
compete indigenous flora and form
monocultures that cannot be used by
native fauna, which require a diverse
habitat to thrive (Dibble et al., 1996;
Jeppesen et al., 1998; Madsen,
2014). In addition to reducing the
richness of the species, invasive spe-
cies can modify ecosystem services.
Aggressive growth of alien species
can change soil texture and deplete
substrate nutrient reservoirs, result-
ing in insufficient resource availability

for native flora (Madsen, 2014). Ex-
otic trees may produce dense canopies
that reduce the amount of light avail-
able for photosynthesis by understory
plants. A similar situation occurs in
aquatic ecosystems; rapid growth and
expansion by floating [e.g., waterhya-
cinth (Eichhornia crassipes)], floating-
leaved [e.g., crested floatingheart
(Nymphoides cristata)], and canopy-
forming submersed [e.g., hydrilla
(Hydrilla verticillata)] introduced
species can interfere with the air–water
interface, thereby blocking light, re-
ducing oxygen in the water column,
and degrading the habitat for native
flora and fauna (Madsen, 2014).

Dense growth of exotic plants
can interfere with anthropocentric in-
terests. Terrestrial weeds can reduce
crop yields by diverting water, nutri-
ents, and other resources from culti-
vated plants and cause power outages
and flooding (Bridges, 1994; Duryea
and Kampf, 2017). Excessive growth
of terrestrial invaders can exacerbate
wildfires (Brooks et al., 2004). Fast-
growing weedy trees in Florida and
other hurricane-prone regions may be

ill-suited for heavy rains and high
winds; ultimately, they may become
projectiles, damage power lines, or
crush residential and commercial
properties (Duryea andKampf, 2017).

Aquatic ecosystems are not im-
mune to the hazards posed by invasive
species. In fact, some argue that the
problems associated with the intro-
duction of exotic plants are more
pronounced in these unique ecosys-
tems. Crop production is somewhat
uncommon in aquatic areas, but
yields of aquatic food crops can be
greatly reduced when invasive species
are present. Weed pressure is consid-
ered a major limiting factor for rice
(Oryza sativa) production, with los-
ses that range from 10 to 100% in the
absence of weed management efforts
(Rao et al., 2007). Similar to terres-
trial weeds, aquatic invaders pose risks
to human health by creating a drown-
ing hazard and serving as a habitat for
undesirable insects [e.g., mosquitoes
(Anopheles sp., Aedes sp. Culex sp.,
Mansonia sp., and others)] that vec-
tor human disease (Cuda, 2014).
Aquatic weeds can impact human uses
of waterbodies by disrupting hydro-
power operations, clogging irrigation
intakes, blocking access to recrea-
tional resources, interfering with the
use of watercraft, and reducing aes-
thetics (and property values) (Holm
et al., 1969). Overgrowth of aquatic
plants can also inhibit water move-
ment and negatively impact flood
control operations, thereby increas-
ing the risk of catastrophic flooding of
communities, farms, roadways, and
other anthropocentric infrastructure
during heavy rainfall events (Grant,
1962).

It is clear that invasive plants
cause a wide variety of problems, but
how are these species able to produce
such large and troublesome popula-
tions? Exotic species can become
weedy and exhibit aggressive growth
in an invaded region for a number
of reasons. Abiotic factors such as
temperature, rainfall, and nutrient
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availability may be more amenable in
the invaded range compared to the
native habitat of the species, thus
fostering growth at levels not seen in
the home territory of the invader. An
important biotic factor that can result
in explosive growth of a non-native
species is the lack of specialist biolog-
ical stressors in the introduced range.
This phenomenon is often referred to
as the ‘‘enemy release hypothesis,’’
and it posits that phytopathogenic
organisms (primarily fungi and bacte-
ria) and phytophagous animals (e.g.,
insects) that have co-evolved with the
species in question prevent aggressive
growth of the plant in its native range.
When a plant is introduced to a new
ecosystem where these stressors are
not present, they are ‘‘released’’ from
the pressure imposed by these organ-
isms and can experience unchecked
growth in the invaded range (Keane
and Crawley, 2002). This hypothesis
forms the basis of classical biological
control, which uses the introduction
of co-evolved host-specific insects or
pathogens as a means to manage in-
vasive species. This strategy has been
used with varying levels of success to
reduce populations of a variety of
noxious weeds, including waterhya-
cinth (Tipping et al., 2014), alligator-
weed [Alternanthera philoxeriodes
(Buckingham, 1996)], and air potato
[Dioscorides bulbifera (Center et al.,
2015)]. However, indigenous herbi-
vores that are present in the invaded
range are often polyphagous and feed
indiscriminately on both native and
exotic plants. In fact, Macel et al.
(2017) suggested that exotic plants
may be more susceptible to herbivory
by phytophagous generalists in newly
invaded regions compared to indige-
nous plants. Therefore, the release
from herbivory is incomplete and in-
vasion success is likely influenced by
a combination of abiotic and biotic
factors.

By definition, invasive species are
introduced and not native to the
ecosystem in which they become
problematic (U.S. Department of Ag-
riculture, 1999). However, it is be-
coming evident to resource managers
that excessive growth of indigenous
plants can cause similar ecosystem
disruptions. The reasons for formerly
well-behaved plants ‘‘going rogue’’
and overtaking formerly diverse areas
are unclear, but several factors may
contribute to these new growth

patterns. For example, warmer aver-
age temperatures may facilitate range
expansion by allowing plants to move
into areas that have become newly
hospitable (Upson et al., 2016). Ex-
tirpation or reduction of natural ene-
mies may occur in response to
changing environmental conditions,
disease, predation, and intentional or
inadvertent pest control operations.
An important factor that seems to
drive weedy behavior in native aquatic
plants is what I term ‘‘competition
release,’’ or targeted management of
introduced invasive species. Similar to
the enemy release hypothesis, compe-
tition release frees native plants from
competition with exotic species and
allows them access to formerly un-
available resources such as light and
nutrients. If the management tech-
niques used do not include physical
removal of the undesired plant mate-
rial, then additional nutrient pulses
are likely to occur as the dying plants
decompose (Grimshaw, 2002; Jewell,
1971), which can further subsidize
excessive growth by native plants.

The most intuitive way to ad-
dress invasive behavior in native
aquatic plants is to discuss them in
the context of introduced exotic
weeds with similar growth habits.
The characteristics of representative
floating, floating-leaved, submersed,
and littoral (shoreline and shallow
water) invaders are outlined and
‘‘weedy’’ native plants that are analo-
gous to these exotic species are de-
scribed in this work.

Floating invasive exotic plant:
water hyacinth

Water hyacinth was introduced
to Florida as an ornamental water
garden plant in the 1880s. This South
American native has water-repellant
leaves with swollen petioles attached
in a basal rosette; it bears large,
showy, lavender flowers. Reports
have indicated that it was intention-
ally released into the St. Johns River
near Palatka, FL, because the intro-
ducer wanted to beautify the river
(Buker, 1982). Within one decade,
water hyacinth had spread through-
out the system and rendered the
waterway impassible. Because the St.
Johns River was the major thorough-
fare for transporting goods, produce,
livestock, and people through Flor-
ida, the inability to navigate through
dense mats of water hyacinth quickly

became problematic. Although the
U.S. Army Corps of Engineers was
charged with clearing the system to
facilitate navigation in 1899, most
control methods that were attempted
were ineffective, were too expensive,
or caused unacceptable off-target
damage (e.g., cattle died after grazing
water hyacinths treated with toxic
substances such as sodium arsenate).
The St. Johns River experienced nav-
igation problems until the discovery
of the synthetic herbicide 2,4-D,
which was nontoxic to cattle and
provided good control of water hya-
cinth (Gettys, 2014).

Growth of water hyacinth is
checked only by temperature and
nutrients, which are rarely limiting
in the naturally warm and eutrophic
waters of Florida. These floating
weeds can quickly cover the surface
of the water with dense mats of vege-
tation. Penfound and Earle (1948)
reported that 8 months of growth
would allow 10 water hyacinth plants
to expand to a population of more
than 655,000 plants, which would
comprise more than 180 tons of bio-
mass and cover a surface acre. Dense
populations of water hyacinths and
other floating plants hinder naviga-
tion, clog water control structures,
block the air–water interface (which
reduces dissolved oxygen needed by
aquatic fauna), suppress light penetra-
tion (which reduces or eliminates sub-
mersed plant growth by inhibiting
photosynthesis), and cause a variety
of other problems. Due to its aggres-
sive growth,water hyacinth is classified
as a prohibited aquatic plant in Flor-
ida, and it is illegal to possess, collect,
transport, cultivate, or import the spe-
cies without a permit (Florida Depart-
ment of State, 2008).

Floating aggressive native
plant: frog’s bit (Limnobium
spongia)

The floating aquatic species
frog’s bit (also called american spon-
geplant) has a growth habit similar to
that of water hyacinth. Although
frog’s bit is indigenous to North
America, it routinely forms popula-
tions large enough to require man-
agement efforts (Les and Capers,
1999). For example, Bodle (1986)
reported that frog’s bit can have
‘‘waterhyacinth-likegrowth’’; as a result,
the species is targeted for management
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in some aquatic ecosystems where it is
native, including the often-invaded St.
Johns River (Knight, 1985). The Flor-
ida Fish and Wildlife Conservation
Commission (FWC), which is the state
agency responsible for coordinating
plant management in most of Florida’s
public waters, treated more than 900
acres of frog’s bit between 2013 and
2018 (Florida Fish and Wildlife Con-
servation Commission, 2014, 2015,
2016, 2017, 2018). In addition to
forming nuisance-level populations in
its historic range, frog’s bit is also
expanding its range, with new introduc-
tions most likely due to seed transporta-
tion by ducks and other waterfowl and
possibly escape from cultivation, be-
cause the species is sold as an aquarium
plant (Anderson, 2011; Les and
Mehrhoff, 1999).

Floating-leaved invasive exotic
plant: crested floatingheart

Crested floatingheart has long
been sold as an ornamental for water
gardens, but it escaped cultivation in
southwest Florida and was first found
in a Collier County canal in the 1990s
(Burks, 2002). This Asian native is
undeniably beautiful; it bears cordate
leaves (often with a deep red margin)
and attractive white five-petal flowers.
Crested floatingheart can grow in
water as deep as 15 ft and has long
petioles that attach the leaves to the
crown of the plant. There is little
information regarding seed produc-
tion in this species, but Haug (2018)
found that leaf fragments readily pro-
duced adventitious roots and could
serve as dispersive propagules. Most
colonization and population expan-
sion by this species result from the
production of ‘‘ramets,’’ which are
vegetative structures that are pro-
duced near the junction of each pet-
iole and leaf. Gettys et al. (2017)
reported that single plants grown un-
der nutrient-rich conditions pro-
duced more than 500 ramets over
the course of a 6-month culture pe-
riod, and that �40% of unburied
ramets would sprout. Using these
data, Gettys et al. (2017) theorized
that a single founder plant and its
ramet-derived progeny could generate
a population of 2.7 million plants after
only 2 years of unchecked growth.

Crested floatingheart and other
floating-leaved species cause habitat
disruption by hindering navigation,
clogging water control structures,

blocking the air–water interface, and
suppressing light penetration. Addi-
tionally, the dense underwater archi-
tecture created by the long petioles
clogs the water column and interferes
with flow, which makes it difficult to
quickly move stormwater and in-
creases the likelihood of flooding.
Crested floatingheart and its conge-
ner yellow floatingheart (Nymphoides
peltata) were added to the Florida
Noxious Weed List in 2014; there-
fore, it is illegal to possess, collect,
transport, cultivate, or import these
species without a permit (Florida De-
partment of State, 2014). Florida is
suffering from crested floatingheart
infestations, which have become firmly
established; furthermore, crested floa-
tingheart is considered a significant
aquatic weed in South Carolina, where
it was first reported in the wild in 2006
(Westbrook and McCord, 2010).

Floating-leaved aggressive
native plants: yellow waterlily
(Nymphaea mexicana) and
spatterdock [Nuphar lutea
(synonym N. advena)]

The floating-leaved aquatic spe-
cies yellow waterlily (also called
mexican waterlily) and spatterdock
(also called cow-lily or yellow pond-
lily) have growth habits similar to
that of crested floatingheart, al-
though they are most often found
in shallower water than crested floa-
tingheart. Both species are native to
North America and can develop
large, dense populations that re-
quire management efforts to lessen
negative impacts to anthropocentric
and ecosystem services. For example,
yellow waterlily was intentionally
planted at Orlando Wetlands Park
(Christmas, FL), which is a 1220-
acre constructed wetland that pro-
cesses as much as 35 million gallons
of wastewater per day from the City
of Orlando and surrounding com-
munities (City of Orlando, n.d.).
Approximately 2.3 million aquatic
plants were used to vegetate the
waters of the park, and yellow water-
lily was included due to its native
status and its ability to serve as a food
source and refuge for ducks and
other waterfowl. However, this spe-
cies has greatly expanded its popula-
tion size within the park, and the
dense floating leaves prevent light
penetration into the water column.

This suppresses the growth of sub-
mersed vegetation, which plays an
important role in nutrient load re-
duction as water moves through the
wetland (M. Sees, personal commu-
nication). Nuisance-level popula-
tions of yellow waterlily are not
unique to Florida. For example, the
USDA (n.d.) classifies the species as
native to California, but it is also
listed as a noxious weed in California
(California Department of Food and
Agriculture, n.d.).

Spatterdock, which has sub-
mersed, floating, and emergent
leaves that are held as much as 8
inches above the surface of the water,
usually colonizes areas where water
depths are 6 ft or less. The species is
often included in aquatic restoration
and habitat enhancement plans be-
cause it provides valuable ecosystem
services such as creating fish habitats,
stabilizing substrates, and mitigating
nutrients (Slagle and Allen, 2018).
Spatterdock has petioles that are
much broader (diameter, up to 0.75
inches) than those of yellow water-
lily or crested floatingheart (diame-
ter, 0.25 inches); these petioles,
along with the submersed leaves
(Schoelynck et al., 2014), can cause
substantial water flow attenuation in
shallow systems. Wennerberg (2004)
reported that the species ‘‘.may
become weedy in some regions or
habitats and may displace desirable
vegetation if not properly managed.’’
Haberland (2016) echoed this senti-
ment and stated that spatterdock’s
rapid growth in nutrient-rich water-
bodies could result in complete sur-
face coverage in a few years. For
example, the FWC treated more than
1600 acres of spatterdock between
2013 and 2018 (Florida Fish and
Wildlife Conservation Commission,
2014, 2015, 2016, 2017, 2018).

Submersed invasive exotic
plant: hydrilla

There are two biotypes of
hydrilla: monoecious (plants bear-
ing separate pistillate and staminate
flowers on the same plant) and
dioecious (plants bearing either
pistillate or staminate flowers). The
monoecious biotype, which is
thought to be a Korean native
(Madeira et al., 1997), prefers tem-
perate climates and is mostly found in
North Carolina and northward in the
United States (True-Meadows et al.,
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2016), although it is occasionally
found as far south as Georgia. Its
introduction history is uncertain,
but Haller (1982) reported finding
hydrilla (later identified as the mon-
oecious type) in containerized water
garden plants in a concrete-lined
lake in Washington, DC, in 1980.
A visit to the source nursery revealed
that hydrilla was present throughout
the nursery stock and was likely
misidentified as american elodea
(Elodea canadensis) or the exotic
(but not particularly invasive) ana-
charis (Egeria densa) (Haller, 1982).
The dioecious biotype, which is na-
tive to India (Madeira et al., 1997),
occurs predominantly in tropical re-
gions and is the biotype present in
Florida. Dioecious hydrilla was in-
troduced to Florida as an oxygenator
for aquariums in the late 1950s
(McLane, 1969) and quickly es-
caped cultivation. When the plant
was first found in the wild in 1960,
it was also misidentified as american
elodea (Blackburn et al., 1969). By
the time hydrilla was correctly iden-
tified as an introduced species, it had
invaded many thousands of acres of
Florida’s waters (Gettys and Enloe,
2016).

The biotypes of hydrilla are phe-
notypically similar because both have
small (0.75 inches long · 0.20 inches
wide) lanceolate leaves with serrate
margins that are attached in a whorl of
four to eight leaves per node. They
can colonize water as deep as 20 ft and
reproduce mainly by fragmentation,
although both species produce tubers
and turions—vegetative structures
that are produced in the soil and the
leaf axils, respectively—that comprise
a propagule bank and allow popula-
tions to regenerate after catastrophic
events such as herbicide treatments,
desiccation, or freezing temperatures.
In contrast, the phenology of the
biotypes differs in substantial ways
(i.e., sexual reproduction, tuber pro-
duction, and winter behavior). The
monoecious biotype produces seeds
and the dioecious biotype does not,
although the dioecious biotype has
been shown to be fully fertile after
artificial pollinations, and its lack of
fecundity in its invaded range is due
to the absence of a pollen source as
opposed to inherent fertility issues
(Steward, 1993). Van (1989) found
that tuber production by the monoe-
cious biotype was greater than that by

the dioecious biotype under both
long and short days (16 and 10 h of
light, respectively). Furthermore, the
dioecious biotype only produced tu-
bers after 8 weeks of culture under
short-day conditions (compared with
4 weeks for the monoecious biotype),
and it produced no tubers under
long-day conditions. Van (1989) also
reported that vegetative growth of
the dioecious biotype was greater
than that of the monoecious biotype
under long-day conditions. Finally,
the monoecious biotype of hydrilla
is deciduous in its invaded range,
whereas the dioecious biotype is ev-
ergreen and persists throughout the
year in the warmer waters of the
southern United States (Harlan
et al., 1985).

Similar to floating and floating-
leaved plants, submersed weeds such
as hydrilla hinder navigation, clog
water control structures, block the
air–water interface, and suppress light
penetration. This is especially true of
canopy-forming submersed species.
For example, Haller and Sutton
(1975) reported that approximately
half of all hydrilla biomass occurred in
the upper 18 inches of the water
column, with 20% of the total bio-
mass of hydrilla concentrated in the
upper 6 inches; they found no light
penetration at depths greater than 1
ft. Dense growth of submersed plants
can also interfere with recreational
activities and pose threats to human
health. There have been multiple re-
ports of swimmers drowning after
becoming entangled in hydrilla, in-
cluding the researcher responsible for
the correct identification of hydrilla in
1965, who later died during a diving
mishap while scouting for sites to
conduct submersed weed research
(Weeds Trees and Turf, 1970).

Submersed aggressive native
plants: eelgrass (Vallisneria
americana) and illinois
pondweed (Potamogeton
illinoinensis)

Eelgrass and illinois pondweed
are native to North America. Like
hydrilla, they require submersed con-
ditions to survive. Both species pro-
vide valuable ecosystem services and
are frequently included in freshwater
enhancement and restoration pro-
jects. In addition to stabilizing sub-
strates and removing nutrients from

the water column, these plants pro-
vide food and habitats for aquatic
fauna (Carpenter and Lodge, 1986;
Fleming et al., 2011). Successful es-
tablishment of submersed species can
be inhibited by abiotic factors such as
currents and unsuitable nutrient
levels; however, because species such
as eelgrass provide such important
ecosystem services, methods have
been developed to improve field es-
tablishment and identify widely adap-
ted ecotypes that tolerate adverse
environmental conditions (Gettys
and Haller, 2012, 2013).

The growth habit of eelgrass is
quite different from hydrilla, al-
though both are Hydrocharitaceae.
Eelgrass has a rosette growth form,
with long (up to 6 ft), strap-like,
sessile leaves attached at the base
of the plant, whereas hydrilla is
a branched, clump-forming species
withmany stems that bear small leaves
in a verticillate arrangement. Eelgrass
is dioecious, and both plant types
(pistillate-bearing and staminate-
bearing) are typically present in most
populations. Pistillate flowers float on
the surface of the water and are
supported by long (up to 6.5 ft)
peduncles, whereas staminate flowers
are borne in a capsule at the base of
the plant before they are released and
allowed to float to the water’s surface
(Godfrey and Wooten, 1979). The
species is fertile and does reproduce
via seeds, but most population expan-
sion occurs as a result of vegetative
reproduction (i.e., daughter plants or
ramets produced on subterranean rhi-
zomatous runners). Eelgrass is an
important component of healthy eco-
systems (Jaggers, 1994), but it can
easily form nuisance-level populations
that require management, particularly
in human-made settings such as com-
munity lakes, reservoirs, and golf
course ponds. Most problems associ-
ated with the overgrowth of eelgrass
are aesthetic; the plant routinely sheds
leaves, which results in unattractive,
unkempt shorelines as leaves accumu-
late along the water’s margins. The
long peduncles bearing pistillate
flowers can become entangled in fish-
ing gear, outboard motors, and other
watercraft, which can be an annoy-
ance to anglers and others who use
eelgrass-rich areas for recreational
purposes.

Illinois pondweed has a growth
habit that is more similar to that of
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hydrilla; however, illinois pondweed
occasionally produces floating leaves
as well as submersed leaves. The sub-
mersed leaves of illinois pondweed are
much larger (up to 3 inches long ·
0.75 inches wide) than those of
hydrilla (0.75 inches long · 0.20
inches wide) and are arranged in an
alternate manner on long, slender
stems (DiTomaso and Healy, 2003).
Illinois pondweed grows in waters as
deep as 20 ft and reproduces via
sexual and asexual means. The starchy
seeds are an excellent food source for
ducks and other waterfowl, and they
can remain viable for up to 5 years.
Like hydrilla, dense populations of
illinois pondweed can degrade eco-
systems and habitats by blocking the
air–water interface and suppressing
light penetration. Furthermore, it
can interfere with anthropocentric
activities by hindering navigation,
clogging water control structures,
and disrupting recreational activities.
To mitigate the negative effects of
dense pondweed growth, the FWC
treated more than 1840 acres of
pondweed between 2013 and 2018,
with the majority of that acreage
treated in two lakes during fiscal year
2013–14 (1350 acres in East Lake
Tohopekeliga and 275 acres in Lake
June-In-Winter) (Florida Fish and
Wildlife Conservation Commission,
2014, 2015, 2016, 2017, 2018).

Littoral exotic invasive plant:
torpedograss (Panicum
repens)

Torpedograss is a perennial grass
of Old-World origin (Holm et al.,
1977) that was introduced to the
southeastern United States as a po-
tential forage crop. Although its
introduction history is unclear, torpe-
dograss has been in the United States
for several centuries. It was vouchered
in Alabama in 1876, and it was first
introduced to Florida as a potential
forage crop in the 1900s (Overholt
and Franck, 2017; Tarver, 1979).
The species was intentionally planted
throughout southern Florida (and in
some parts of central and northern
Florida); by the 1950s, it had escaped
cultivation and invaded pastures, wet-
lands, and aquatic systems (Langeland
et al., 1998). Torpedograss is not
listed as a noxious weed by the
United States or the state of Florida,
but the Florida Exotic Pest Plant

Council, a nonregulatory group
comprising biologists, resource man-
agers, and other interested individ-
uals, lists the species as a category I
exotic plant. Plants in this group are
characterized as ‘‘.altering native
plant communities by displacing na-
tive species, changing community
structures or ecological functions,
or hybridizing with natives’’ (Florida
Exotic Pest Plant Council, 2017).

Torpedograss is a rhizomatous
grass that is commonly found along
shorelines and in littoral areas of lakes,
ponds, reservoirs, canals, and other
aquatic systems where water is up to 2
ft deep (Godfrey andWooten, 1979),
although it often invades upland areas
such as pastures and turfgrass. The
rhizome tips are pointed and ex-
tremely sharp (hence the ‘‘torpedo’’
part of its common name). Viable
seed production is not known to
occur in Florida; therefore, reproduc-
tion, population expansion, and
spread of the species occur primarily
through fragmentation and rhizome
elongation (Holm et al., 1977). The
rhizomes and stolons of torpedograss
have overlapping brown to white
scales and bulbil-like structures at
the nodes and may extend up to 20
ft from the crown of the plant, facil-
itating population expansion. Plants
may reach up to 3 ft in height and
bear 0.3-inch-wide leaves that are up
to 10 inches in length. The surface of
the leaf blade is waxy, which some-
times gives the leaves a dusky or blue
cast; the leaf margin and the clasping
ligule that holds the leaf to the stem
are often hairy. The inflorescence is
a terminal open panicle that is up to 9
inches long (Langeland et al., 1998).

Some of the problems associated
with littoral zone weeds such as tor-
pedograss are similar to those de-
scribed for floating, floating-leaved,
and submersed species. Dense popu-
lations can hinder navigation (espe-
cially in near-shore areas), clog
water-control structures, disrupt the
movement of stormwater, and inter-
fere with recreational activities. Al-
though torpedograss is rooted in the
littoral zone, the species often forms
dense floating mats that extend across
the surface of the water, thus blocking
light and oxygen penetration in
a manner similar to that of water
hyacinth, crested floatingheart, and
canopy-forming hydrilla. Torpedo-
grass also outcompetes most native

littoral zone species, resulting in
monocultures that provide poor hab-
itats for aquatic fauna (Shilling and
Haller, 1989).

Littoral aggressive native
plants: pickerelweed
(Pontederia cordata), broadleaf
arrowhead (Sagittaria latifolia),
and lanceleaf arrowhead
(Sagittaria lancifolia)

Pickerelweed, broadleaf arrow-
head, and lanceleaf arrowhead are
native to North America; like torpe-
dograss, they inhabit shorelines and
littoral regions of aquatic systems. Sim-
ilar to the native submersed plants
eelgrass and illinois pondweed, these
three species are often planted in fresh-
water enhancement and restoration
projects because they provide valuable
ecosystem services such as substrate
stabilization and nutrient removal
while providing food and habitats for
aquatic fauna. Resource managers
attempting to implement restoration
projects often find that there is a dearth
of acceptable plant material available to
meet their goals; therefore, research to
identify greenhouse-based production
methods for these and other littoral
zone species has been conducted (Dick
et al., 2005; Flimlin and Pomeroy,
2008; Gettys and Moore, 2018,
2019; Gettys et al., 2001, 2013; Webb
et al., 2012). In addition to the benefits
these species provide to the environ-
ment, pickerelweed, broadleaf arrow-
head, and lanceleaf arrowhead are also
cultivated as ornamentals for water
gardens and aquascapes.

Pickerelweed, broadleaf arrow-
head, and lanceleaf arrowhead are
similar to one another in a number
of ways. All are herbaceous perennials
that readily produce seeds, but they
also spread by vegetative means. Sim-
ilar to torpedograss, these species in-
habit the littoral shoreline zone of
aquatic systems and can grow in water
as deep as 2 ft. Pickerelweed has
smooth-margined leaves that are up
to 8 inches long and range in shape
from lanceolate to cordate, whereas
broadleaf arrowhead and lanceleaf
arrowhead leaves are up to 1 ft in
length and sagittate (broadleaf arrow-
head) or up to 2 ft long and lanceolate
(lanceleaf arrowhead). The inflores-
cence of pickerelweed is a spike com-
prising up to 400 purple to blue (or
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rarely white) sessile flowers, each with
a yellow ‘‘eyespot’’ ringed in white
(Gettys, 2005). Broadleaf arrowhead
and lanceleaf arrowhead have white
three-petal pedicellate flowers with
a yellow center that are borne singly
or in clusters on long peduncles
(Moore et al., 2015). These three
species are beneficial in many situa-
tions; however, under the right
circumstances they can develop nui-
sance-level populations and cause
problems similar to those described
for torpedograss. They disrupt the
movement of stormwater and inter-
fere with recreational activities, par-
ticularly by blocking access to boat
ramps and other points of entry to a
water resource. Pickerelweed, broad-
leaf arrowhead, and lanceleaf arrow-
head do not form floating mats, but
they can be highly competitive and
crowd other littoral zone species, thus
creating monocultures that serve as
poor habitats for aquatic fauna.

Conclusions
Non-native plants can threaten

ecosystems by outcompeting native
plants, reducing species richness, al-
tering abiotic factors, and interfering
with anthropocentric interests such as
crop production. Aquatic ecosystems
are especially vulnerable to invasion
by exotic plants that have exuberant
growth and can create risks to human
health, clog irrigation intakes, inter-
fere with recreation, and inhibit water
movement. It is widely accepted that
introduced species pose significant
risks when they invade our waters,
but little thought has been given to
the phenomenon of native species
that sometimes grow excessively and
form nuisance-level populations that
can cause the same disruptions his-
torically associated with non-native
plants. Several factors may contribute
to aggressive growth of native species,
including climate change, altered abi-
otic factors, and competition release
resulting from targeted management
of introduced invasive species. Al-
though most management efforts fo-
cus on invasive exotic plants such as
water hyacinth, crested floatingheart,
hydrilla, and torpedograss, it is clear
that aquatic resource managers should
be poised to face new challenges from
‘‘natives gone rogue’’ as our weed
populations shift from exclusively in-
vasive non-native species to include
aggressive indigenous plants.
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