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Life History

Isoetes lacustris (Lake Quillwort) is a submerged aquatic plant in the Isoetaceae. The family
consists of a single genus which includes about 150 species around the globe, but only two dozen
of them occur in North America (Taylor et al. 2020). Like other pteridophytes, Isoetes has a life
cycle with two distinct generations. Spores produced by mature plants (sporophytes) develop
into tiny gametophytes that form structures which produce reproductive cells (gametes). Male
gametes (sperm) develop in an antheridium and a female gamete (egg) develops in an
archegonium. Fertilized eggs develop into the recognizable quillwort plants that produce spores
for the next generation (Raven et al. 1986).

The spores and gametophytes of Isoetes are either male or female. The microspores (male) and
megaspores (female) are produced on separate leaves (microsporophylls and megasporophylls)
of mature quillwort plants (Raven et al. 1986). Miiller (1848) described the early development
of an Isoetes lacustris megaspore and provided detailed illustrations of the process, although he
viewed the megaspores as ovules that were developing asexually. A better understanding of
reproduction in Isoetes arose later in the 1800s following work by German scientists Wilhelm
Hofmeister and Karl Goebel so subsequent developmental descriptions of 1. lacustris recognized
the presence and functions of the unisexual spores and gametophytes (eg. Farmer 1890,
Campbell 1891).

Unlike the free-living gametophytes of most ferns and allies, those of Isoetes species form inside
of the spores (Renzaglia and Garbary 2001). An Isoetes microgametophyte is a simple structure
consisting of a few-celled wall and a single-celled antheridum that divides to create four sperm
(Pfeiffer 1922, Renzaglia and Garbary 2001). The megagametophytes may have 1-4 archegonia,
which are typically produced singly until one has been fertilized. Isoetes gametophytes can
develop while the spores are still located on the plants or after they have been released (Farmer
1889 & 1890, Pfeiffer 1922, Kott and Britton 1982). Female gametophytes appear to be reliant
on nutrient reserves in the megaspores and thus they could be relatively short-lived (Campbell
1891); however, Ctvrtlikov4 et al. (2014) reported that I. lacustris megagametophytes which
formed late in the growing season were able to winter over or even persist for several seasons
before the sporophytes began to develop.

Isoetes sporophytes have a relatively uncomplicated structure, with a cluster of quill-like leaves
arising from a short, fleshy underground stem (corm). The spores are produced in chambers at
the widened bases of the leaves (Raven et al. 1986). The simplicity of quillworts can make
species identification challenging so close observation of features like megaspore size and
texture or extent of the velum (a small flap of tissue that partly or fully covers the sporangium) is
required (Taylor and Hickey 1992, Taylor et al. 2020). The sporophytes of Isoetes lacustris have
1040 stiff, dark green leaves that may reach 25 cm in length and 2 mm in width: Husék et al.
(2000) indicated that 20-30 leaves is typical. Because the species is restricted to submerged
habitats its leaves lack stomata (Keely 1982). The basal sporangia of 1. lacustris are 3—5 mm
long and less than half of their length is covered by velum. The microspores are tiny (33—45 pm)
and appear as a gray mass. The macrospores are white and larger than those of most other
Isoetes species—they are typically 550-750 um in diameter and generally average more than 600
um in a given sample. Raised ridges divide each macrospore into two subequal parts and also
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divide the upper part into three faces, and the interior surfaces are covered with a network of
rough projections that irregularly branch or form cross-connections. (See Britton and Brown
1913, Fernald 1950, Fassett 1957, Kott and Britton 1983, Gleason and Cronquist 1991,
Montgomery and Fairbrothers 1992, Taylor et al. 2020).

!
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Left: Britton and Brown 1913, courtesy USDA NRCS 202 Right: Samuel Brinker, 2017.
Eight species of Isoetes have been documented in New Jersey but three are currently listed as
historic and two others are rare in the state (Kartesz 2015, NJNHP 2024). In the northeastern
United States and Canada, Isoetes lacustris often co-occurs with other quillworts including 1.
echinospora, 1. engelmannii, I. riparia, 1. septentrionalis, and I. tuckermanii (Taylor and Hickey
1992, Brunton and McNeill 2015). Isoetes species hybridize frequently, further complicating
identification. Many quillworts appear to have evolved via hybridization, and Taylor (1992)
noted that all of the species that occur in New Jersey are polyploid. Isoetes Xfairbrothersii is the
only hybrid involving I. lacustris that has been documented in the state—the other parent species
being I. engelmannii—and to date it has not been found anywhere else (Montgomery and
Fairbrothers 1992, Montgomery and Taylor 1994, Brunton and Sokoloff 2020). In other parts of
Lake Quillwort's range it has been known to hybridize with Isoetes echinospora, I. riparia, and 1.
tuckermanii (Taylor and Leubke 1988, Brunton and McNeill 2015).

The best time to identify Isoetes plants is when fully developed spores are present. In New
Jersey and other parts of the northeastern United States the spores of I. lacustris mature from
August to October (Hough 1983, Kott and Britton 1983). In Isoetes, the more distinctive
megaspores are usually located on the outer leaves while the tiny microspores are situated on
inner leaves (Campbell 1891, Raven et al. 1986). As evergreen species like 1. lacustris age they
typically retain individual leaves for multiple seasons, discarding some older leaves around the
periphery and replacing them with new leaves at the center (Kott and Britton 1983, Husék et al.
2000). As with the leaves, young roots are also produced near the center of the plants (Miiller
1848, Boston and Adams 1987). Because megasporophylls develop earlier in the growing
season (Smith 1900) they occupy the outermost positions. The majority of leaf production in 1.
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lacustris takes place during the summer months and growth is seldom observed in the winter
(Kansanen and Niemi 1974, Boston and Adams 1987, Gacia and Ballersteros 1994).

| i

-

Samuel Brinker, 217.

E. T. Wherry, 1938.

Four life stages were described for Isoetes lacustris sporophytes by Husdk et al. (2000). The
categories were Early Juvenile (small plants with about three leaves that had not yet formed
rosettes), Late Juvenile (immature plants with fewer than ten leaves in a developing rosette),
Mature (fertile plants with rosettes of more than ten leaves), and Senile (infertile plants with no
fresh leaves). New leaves may be identified by coloration: They are typically pale green in color
and have white bases, in contrast with older leaves that are dark green with brownish basis and
often have a coating of algae (Kansanen and Niemi 1974). Quillworts do not reproduce clonally,
so the relative abundance of juvenile and senile plants can indicate whether an 1. lacustris
population is expanding or declining (Voge 2014, Ctvrtlikova et al. 2023).

Pollinator Dynamics

Because Isoetes lacustris is a non-flowering plant, pollination does not take place. Fertilization
occurs during the gametophyte phase and is dependent on water, which allows the movement of
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the multi-flagellated sperm cells toward receptive egg cells. The sperm of quillworts have
approximately 20 flagella (Raven et al. 1986, Renzaglia and Garbary 2001) and they are
produced in abundance. Smith (1900) estimated that a single Isoetes microsporangium contains
between 150,000-300,000 microspores, and each of those has the potential to generate four
sperm.

Seed Dispersal and Establishment

Dispersal in Isoetes is carried out by spores rather than seeds and because their gametophytes
develop inside of the spores—often while still attached to the generative plants—quillworts may
also be dispersed as gametophytes or even as early-stage sporophytes. The establishment of a
new Isoetes colony requires either the movement of a fertilized megagametophyte or the
deposition of both male and female spores/gametophytes at the same location (Troia 2016).
Ungerminated Isoetes spores may be dispersed in a coordinated manner, with the tiny
microspores clinging to the larger macrospores. Kramer (1977) proposed that the rough texture
of the macrospores could facilitate such attachment and Musselman (2002) noted that Isoetes
megaspores have often been observed with numerous microspores attached. The high rates of
hybridization in Isoetes suggest that many species are likely to be self-compatible, but
polyploidy might mitigate inbreeding effects (Troia 2016).

Pfeiffer (1922) indicated that spore release in Isoetes is contingent on disintegration of the
sporangia, which often results in an accumulation of propagules around the bases of established
plants, although decaying quillwort leaves can be somewhat buoyant and may occasionally be
carried to new locations by water movement (Smith 1900). Long-distance dispersal of quillworts
is likely to depend on animals, particularly waterfowl, either by attachment or ingestion (Taylor
1992, Troia 2016). Silva et al. (2021) recently found Isoetes megaspores in the fecal material of
teal and ducks.

Not all of the spores in a given Isoetes lacustris sporophyll mature simultaneously and some may
remain viable for several years. The dispersal of propagules from living leaves is also staggered
and may occur throughout the year (Voge 2006, Ctvrtlikova et al. 2014). Gametophyte
development is governed by temperature and most activity occurs during the summer and early
fall. Kott and Britton (1983) noted that the megaspores do not require a cold period but
germinate in response to rising temperatures. Microspores can germinate at lower temperatures
than macrospores, which permits prompt fertilization of the macrospores when they develop and
become receptive (Ctvrtlikovd et al. 2014).

As previously noted, young Isoetes plants pass through several distinct developmental stages so
it takes several years for the sporophytes to become reproductive (Szmeja 1994, Husék et al.
2000). Some I. lacustris plants form fungal associations, although they are not obligate. Sudova
et al. (2011) found mycorrhizal fungi in the roots of 1. lacustris but noted that colonization rates
were low and variable. The investigators also observed dark septate endophytic fungi in .
lacustris roots. Dark septate endophytes are frequently associated with stressful environments
and can benefit their hosts by facilitating nutrient uptake and growth (Santos et al. 2021, Malika
et al. 2022).
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Habitat

Isoetes lacustris, like many other isoetid species, is a poor competitor so it is usually found in
low-light, low-nutrient habitats where few other plants can grow (Ballesteros et al. 1989, Vige
2014). Murphy et al. (1990) pointed out that the characteristics of freshwater aquatic plants
which utilize the stress-tolerant life strategy described by Grime in 1977 often include a
perennial evergreen habit, a high root:shoot ratio, slow biomass turnover, tolerance of limited
light availability, and CAM metabolism. Isoetes lacustris displays all of those attributes. In
addition to CAM metabolism, which allows 1. lacustris to synthesize carbon at night, the species
is able to obtain CO; from the sediments rather than the water column (Keeley 1982, Boston and
Adams 1987, Madsen 1987, Raven et al. 1988).

Throughout its range, Isoetes lacustris grows on the bottom of cold, freshwater lakes that are
often ice-covered during the winter months. The lakes usually have clear water and low nutrient
content (Toivonen and Lappalainen 1980, Hough 1983, Boston and Adams 1987, Madsen 1987,
Montgomery and Fairbrothers 1992, Btizova 2011, Taylor et al. 2020, Staniforth and Brunton
2022). Although the quillwort can grow in water with pH ranging from 4.0-9.0, the pH values
are normally between 5.3 and 7.0 (Kott and Britton 1983, Mikirinta et al. 1997, Ronowski et al.
2020).

Depths where Isoetes lacustris have been found extend from the shoreline (Toivonen and
Lappalainen 1980, Boston and Adams 1987, Murphy et al. 1994) to 8 meters below the surface
(Btizova 2011). Depths of 1-3 meters are typical and appear to be the most favorable for Lake
Quillwort (Madsen 1987, Ballesteros et al. 1989, Gacia and Ballesteros 1993, Murphy et al.
1994, Rgrslett and Johansen 1995, Husék et al. 2000). 1. lacustris is usually sparsely distributed
when growing in shallow areas that are subject to ice erosion, and the plants in that zone are
smaller (Toivonen and Lappalainen 1980, Kott and Britton 1983, Gacia and Ballesteros 1993,
Mikirinta et al. 1997). Gacia and Ballesteros (1994) indicated that I. lacustris plants growing at
depths of 2.3 meters received more than enough light to meet their requirements, and when
growing at optimum depths I. lacustris populations can achieve densities up to around 2,500
plants per square meter (Toivonen and Lappalainen 1980) and have a root:shoot ratio of 25-40%
(Kansanen and Niemi 1974). As depth increases light availability becomes more limited and the
plants make a larger investment in leaf length but produce fewer leaves and roots (Kansanen and
Niemi 1974, Gacia and Ballesteros 1996). Since leaf number is an indicator of reproductive
potential in 1. lacustris (Husdk et al. 2000) the populations at depths of greater than 3 meters are
likely to be smaller.

In New Jersey, Isoetes lacustris formed several colonies a single lake. The plants were observed
growing at depths of 0.2-2.0 meters, mostly on sand or gravel substrate but sometimes on
organic matter. Associated species included Brasenia schreberi, Eleocharis acicularis,
Eriocaulon aquaticum, Isoetes engelmannii, and several Potamogeton spp. (Montgomery and
Taylor 1994). Eleocharis acicularis also co-occurred with 1. lacustris at some locations in
Europe and northern Russia. Typical associates reported from Eurasian sites included three
species that were formerly documented in New Jersey but are no longer present in the state:
Lobelia dortmanna, Sparganium angustifolium, and Ranunculus flammula var. reptans. Other
common associates noted in Eurasia included Isoetes echinospora, Littorella uniflora, and
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Subularia aquatica (Ballesteros et al. 1989, Murphy et al. 1994, Mikirinta et al. 1997, Dynowski
etal. 2012). In one lake in Poland, 1. lacustris was found growing in shallow water near a
transitional bog where it was embedded in a submerged lawn of Sphagnum auriculatum. In that
habitat the quillwort plants were smaller than those situated in deeper parts of the lake but their
reproductive capacity was not diminished (Szmeja 1994).

Wetland Indicator Status

Isoetes lacustris is an obligate wetland species, meaning that it almost always occurs in wetlands
(U. S. Army Corps of Engineers 2020).

USDA Plants Code (USDA, NRCS 2024b)

ISLA

Coefficient of Conservancy (Walz et al. 2020)

CoC = 10. Criteria for a value of 9 to 10: Native with a narrow range of ecological tolerances,
high fidelity to particular habitat conditions, and sensitive to anthropogenic disturbance (Faber-
Langendoen 2018).

Distribution and Range

The global range of Isoetes lacustris encompasses much of the northern hemisphere, including
parts of Asia, Europe, Greenland, Canada, and the United States (POWO 2024). The map in
Figure 1 depicts the extent of the quillwort in the United States and Canada. In the past, North
American populations of Isoetes lacustris were generally identified as a separate species (/.
macrospora). When describing Isoetes macrospora Durieu de Maisonneuve (1864) noted the
species' close resemblance to the European 1. lacustris, and the possibility of conspecificity was
raised by later botanists (eg. Kott and Britton 1983). Although the name I. macrospora is still
occasionally employed, experts have found no morphological basis for the distinction (Taylor et
al. 2020).

The USDA PLANTS Database (2024b) shows records of Isoetes lacustris in one New Jersey

county: Sussex County (Figure 2). The map accurately reflects the current distribution of the
species.
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Floristic Synthesis of NA® 2014 BONAP

(map generated on11/2/2014)

Map Color Key:

State distribution map of Isoetes lacustris - Western Lake Quillwort

Species present in state  Species present and Species extirpated Species not present in
and native rare thistoric) state

Figure 1. Distribution of I. lacustris in North America, adapted from BONAP (Kartesz 2015).
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Figure 2. County records of I. lacustris in New Jersey and vicinity (USDA NRCS 2024b).
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Conservation Status

Isoetes lacustris is considered globally secure, although NatureServe (2024) indicates that its
status is in need of review. A G5 rank signifies that the species has a very low risk of extinction
or collapse due to a very extensive range, abundant populations or occurrences, and little to no
concern from declines or threats. There is some evidence that the quillwort is decreasing in parts
of Eurasia. Analyses of macrofossil data showed that I. lacustris was once widespread in
Bulgaria, but it is now restricted to a small part of the country (Stefanova and Ivanoca 2000). It
formerly occurred in Greece and Romania but is presently considered extinct in those nations
(POWO 2024). There is only one extant site in the Czech Republic (Bfizovd 2011), and it is
vulnerable in Poland (Dynowski et al. 2012) and rare in Russia (Borisova et al. 2020).

The map below (Figure 3) illustrates the conservation status of Lake Quillwort in the United
States and Canada. I. lacustris is vulnerable (moderate risk of extinction) in one province,
imperiled (high risk of extinction) in three provinces, critically imperiled (very high risk of
extinction) in one province and four states, and possibly extirpated in Virginia, New Hampshire,
and Nunavut. The species appears to be secure in other provinces where it occurs although it has
not been ranked in a number of states.

@ID State/Provincial Conservation Status ® ® View on Explorer Pro
(B Documented Distribution

T State/Provincial b
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Figure 3. Conservation status of I. lacustris in the United States and Canada (NatureServe
2024).

Isoetes lacustris is ranked S1.1 in New Jersey (NJNHP 2024), meaning that it is critically

imperiled due to extreme rarity. A species with an S1.1 rank has only ever been documented at a
single location in the state. I. lacustris is also listed as an endangered species (E) in New Jersey,
meaning that without intervention it has a high likelihood of extinction in the state. Although the
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presence of endangered flora may restrict development in certain communities such as wetlands
or coastal habitats, being listed does not currently provide broad statewide protection for the
plants. Additional regional status codes assigned to the quillwort signify that the species is
eligible for protection under the jurisdictions of the Highlands Preservation Area (HL) and the
New Jersey Pinelands (LP) (NJNHP 2010).

The earliest reports of Isoetes lacustris in New Jersey were based on plants collected by Britton
(1889) at two Sussex County sites, but Taylor (1915) indicated that the species' presence in the
greater New York area had not been confirmed outside of the Catskill Mountains and herbarium
records indicate that Britton's specimens were later determined to be 1. engelmannii (Mid-
Atlantic Herbaria 2024). Lake Quillwort was eventually documented in New Jersey in 1937 and
the site where it was found continues to be the sole known occurrence in the state (Fairbrothers
and Hough 1973, Montgomery 1982, NJNHP 2024).

Threats

Isoetes lacustris 1s very sensitive to changes in water level and water quality (Vlasov 2012).
Fairbrothers and Hough (1973) noted that water pollution could eliminate the species. Heavy
sediment loads can bury established quillwort plants or reduce light availability (Boston and
Adams 1987, Gacia and Ballesteros 1993, Dynowski et al. 2012, Borisova et al. 2020).
Eutrophication has frequently been cited as one of the primary causes for declines in I. lacustris
populations, and it can favor the growth of other aquatic species that similarly reduce the amount
of light reaching the quillworts (Roelofs 1983, Grzybowski et al. 2008, Dynowski et al. 2012,
Chappuis et al. 2015, Borisova et al. 2020, Ronowski et al. 2020, Ctvrtlikovi et al. 2023).
Because Isoetes lacustris plants are rooted and develop slowly, significant water level shifts can
take a toll on established populations. During an experimental study on the effects of raising
water levels, 1. lacustris plants declined rapidly as a result of reduced sunlight and extensive
shoot death was observed. Even when the original water levels were restored after a month the
quillworts continued to experience high rates of mortality (Rgrslett and Johansen 1995).
Substantial decreases in the size of natural populations exposed to long-term flooding have also
been reported (Gacia and Ballesteros 1996 & 1998, Riera et al. 2017). Steep reductions in water
level are equally harmful to I. lacustris and can favor the establishment of other plants that are
likely to replace the quillworts (Vandel et al. 2014 & 2016, Vaasma et al. 2015). Declines in L.
lacustris have resulted from the dense growth of Sparganium angustifolium (Ballesteros et al.
1989), Myriophyllum spicatum (Montgomery and Taylor 1994), and Elodea spp. (Murphy et al.
1990 & 1994, Borisova et al. 2020).

Certain kinds of herbivory may be harmful to Isoetes lacustris. The species is subject to grazing
by crayfish, although that rarely results in plant mortality (Boston and Adams 1987). Animals
that feed on the corms and rootstocks can do more extensive damage because the plants are
unable to regenerate. Such herbivores include muskrats, ducks, and geese (Pfeiffer 1922, Taylor
1992). I lacustris plants can also be inadvertently destroyed by human recreational activities:
Examples include trampling by swimmers or mechanical damage resulting from anchors or nets
(Vlasov 2012).
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Climate Change Vulnerability

Information from the references cited in this profile was used to evaluate the vulnerability of
New Jersey's Isoetes lacustris population to climate change. The species was assigned a rank
from NatureServe's Climate Change Vulnerability Index using the associated tool (Version 3.02)
to estimate its exposure, sensitivity, and adaptive capacity to changing climactic conditions in
accordance with the guidelines described by Young et al. (2016) and the state climactic
computations by Ring et al. (2013). Based on available data I. lacustris was assessed as Highly
Vulnerable, meaning that it is likely to experience a significant decrease in abundance or range
extent throughout New Jersey by 2050.

Isoetes lacustris has a primarily northern distribution on the North American continent (Figures
1 and 3). Montgomery (1982) indicated that the quillwort reached the southern limit of its range
in New Jersey and although it was later discovered as a site in Virginia it was subsequently
extirpated from that state (Musselman and Knepper 1994, Weakley et al. 2022). Growth and
development in I. lacustris is closely tied to climactic conditions. According to Taylor (1992)
Lake Quillwort plants need several month of temperatures below 4.5°C (40°F) in order to remain
healthy. They are dormant during that cold period but require temperatures above 10°C (50°F)
to grow and produce sphorophylls (Gacia and Ballesteros 1994, Voge 2006). Temperatures are
rising at an unprecedented rate in New Jersey, with the increase being particularly notable during
the winter months, and changes in global circulation patterns are also contributing to more
unpredictable and extreme weather patterns (Hill et al. 2020). Warmer winters can disrupt the
normal dormancy and growth cycle of Isoetes lacustis. An increase in the frequency of intense
storms may cause more sediment to be deposited in aquatic systems. Climate warming is also
likely to exacerbate habitat degradation resulting from eutrophication (Jeppesen et al. 2010,
Nazari-Sharabian et al. 2018) and to favor the growth of species such as Myriophyllum spicatum
that can outcompete the quillwort (Patrick et al. 2012).

Management Summary and Recommendations

New Jersey's sole occurrence of Isoetes lacustris has not been observed since 1991, at which
time the population appeared be declining (NJNHP 2024). An updated assessment is required in
order to evaluate the present status of the quillwort and determine whether active management is
necessary. The monitoring visit can also be used to note habitat changes and identify threats.

Generally speaking, I. lacustris populations would benefit from actions that maintain extant
water levels and preserve water quality such as land preservation or buffers that reduce the

impacts of offsite activities. Depending on the locations of the plants, some efforts to direct
human recreational pursuits away from their immediate vicinity might also be beneficial.

Synonyms

The accepted botanical name of the species is Isoetes lacustris L. Orthographic variants,
synonyms, and common names are listed below (ITIS 2024, POWO 2024, Taylor et al. 2020,
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USDA NRCS 2024b). The genus name is also written as Isoétes. At least seven varieties of 1.
lacustris have been described but none are currently accepted (POWO 2024).

Botanical Synonyms Common Names
Isoetes hieroglyphica A. A. Eaton Lake Quillwort
Isoetes macrospora Durieu Deep-water Quillwort

Isoetes moorei Moore
Calamaria lacustris (L.) Kuntze
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