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Life History

Sagittaria teres (Slender Arrowhead) is a perennial herb in the water-plantain family that can
grow as a submerged or emergent aquatic. S. teres reproduces vegetatively via thin stolons 1-30
cm in length that develop minute, tuberous storage organs from which new plants arise. The
connections between clones do not persist (Edwards and Sharitz 2000, Les 2020). Plants that
were cultivated in a greenhouse produced 1-20 new ramets during the course of a year (Edwards
and Sharitz 2003). Each ramet has a small cluster of whitish roots that are noticeably partitioned
(Harvey and Haines 2003). The leaves of S. teres are basal and nearly round in cross-section,
thickest at the bases and tapering to the tips (Fassett 1957). Submersed and emergent leaves are
similar in form, but those that develop below the water are usually 3.5-8.5 cm long while those
of shoreline plants may be up to 60 cm in length (Sinnott 1912, Hellquist and Crow 1981,
Haynes and Hellquist 2020).

Sagittaria teres can flower from July through September. In habitats where the water levels
fluctuate the flowering of S. teres is governed by hydrologic conditions (Fairbrothers and Hough
1973, Cavileer and Gallegos 1982, Harvey and Haines 2003) and some populations rarely flower
(Sorrie 1987). When the plants do bloom, the flowers are held above the water. The erect
scapes are 10-80 cm high and bear 1-4 whorls of flowers with three reflexed sepals and three
showy white petals. The flowers are generally unisexual, although perfect flowers may
occasionally be produced. The female flowers, with long stalks and numerous pistils, are
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positioned in the lowest whorl. The male flowers have about a dozen stamens with anthers that
are longer than the dilated, hairy filaments. The fruiting heads of S. teres are typically 6-10 mm
in diameter and have numerous achenes that are arranged spirally on a dome-shaped receptacle.
The achenes are obovoid, 2-3 mm long by 1.2-1.5 mm wide, and have an erect or horizontal
beak less than half a millimeter in length near the tip. Several distinct, irregularly scalloped
keels are present on the faces of the achenes. (See Smith 1895, Britton and Brown 1913, Eyles
et al. 1944, Fernald 1950, Bogin 1955, Wooten 1973, Haynes and Hellquist 2020, Gleason and
Cronquist 1991, Weakley et al. 2022).

) i |

S. teres in flower and fruit by Doug McGrady, 2022.

Sagittaria teres can utilize different photosynthetic mechanisms depending on whether the plants
are growing above or below water. Emergent plants use the normal Cs photosynthetic pathway
but submerged plants can shift to CAM photosynthesis (Edwards and Sharitz 2000). CAM
(Crassulacean Acid Metabolism) is a way of concentrating CO> in carbon-limited environments.
The process was originally studied in plants that grow in arid habitats but it has since been
documented in some aquatic species, particularly in shallow, temporary pools where CO: levels
are considerably higher at night (Keeley 1998). The use of CAM photosynthesis has also been
observed in S. isoetiformis, a species that shares many life history characteristics with S. teres but
has a more southern distribution (Edwards and Sharitz 2000, 2003). Otherwise the process is
quite uncommon in Sagittaria (Haynes and Hellquist 2020).
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Pollinator Dynamics

Sagittaria flowers are visited by an array of insects but the primary pollinators are short-tongued
bees and flies (Rogers 1983). Robertson (1929) observed that an assortment of long and short-
tongued bees, flies, and butterflies visited both staminate and pistillate flowers of S. latifolia.
Generalist bees have been observed on other Sagittaria species, including various types of
Augochlora, Augochlorella, Bombus, Ceratina, Dialictus, Halictus, Hylaeus, and Lasioglossum
(Stubbs et al. 1992, Muenchow and Delesalle 1994, Hilty 2020). Edwards and Sharitz (2000,
2003) indicated that Sagittaria teres was insect pollinated but the specific pollinators were not
noted.

When Sagittaria teres blooms the lower (pistillate) flowers on a stalk open first, which could
promote outcrossing. However, the pollinators tend to visit nearby blooms and since the species
reproduces vegetatively the pollen deposited on a female flower may originate from a clone.
Since S. teres is self-compatible, fertilization with related pollen would not reduce fruit set but it
does contribute to limited genetic diversity in populations. Studies of Sagittaria teres have
documented significant levels of inbreeding in the species. Nevertheless, the researchers noted
that S. teres has fairly high genetic diversity relative to many other clonal plants and concluded
that sexual reproduction is likely to play an important role in maintaining populations (Edwards
and Sharitz 2000, 2003).

Seed Dispersal

Fruit set in Sagittaria teres is generally high (Hellquist and Crow 1981, Edwards and Sharitz
2003). The achenes of most species in the Alismataceae are well-adapted for aquatic dispersal,
and the basic structure of Sagittaria achenes might facilitate transport by air or water while the
protruding beaks and keels could aid in their attachment to birds or animals (Arber 1920, Rogers
1983). However, the majority of Sagittaria teres seeds are dispersed by gravity and do not travel
far from the parent plants before sinking through the water column and settling into the substrate
(Edwards and Sharitz 2000). S. teres seeds are occasionally consumed by ducks (McAtee 1918,
Mabbott 1920, Fassett 1957), which could result in some dispersal over greater distances. Some
vegetative dispersal may also occur when plants become detached from the substrate and float to
new locations (Rogers 1983, Harvey and Haines 2003).

Sagittaria teres seeds can germinate in wet soil or under a few centimeters of water (Edwards
and Sharitz 2003). Sagittaria seeds have a hard inner coat that delays germination until the
protective layer becomes cracked or decayed (Crocker 1907, Arber 1920). Moist seeds of
various Sagittaria species can remain viable for over a year and seed banking has been
documented in the genus (Rogers 1983, Leck and Simpson 1993). Some of the genetic diversity
observed by Edwards and Sharitz (2003) in S. teres populations was attributed to recruitment
from persistent seed banks.
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Habitat

Most populations of Sagittaria teres occur on the Atlantic coastal plain at elevations from 0-100
meters above sea level (Haynes and Hellquist 2020). Typical habitats are intermittent ponds or
the shorelines of lakes and ponds where the substrate is alternately inundated and exposed by
seasonal fluctuations in water levels. The canopy is generally open and the substrate is sandy,
nutrient-poor, and acidic with a pH ranging from 4.5-6.7 (Eyles et al. 1944, Bogin 1955, Fables
1958, Fairbrothers and Hough 1973, Coddington and Field 1978, Angelo and Boufford 2000,
Edwards and Sharitz 2000, Les 2020). Inland populations of S. teres are rare but they occur in
similar habitat (Hellquist and Crow 1981, Zebryk 2004).

Sagittaria teres can be found growing on moist, exposed substrate or under water (Hough 1983).
The water is usually shallow but the submerged plants have been observed at depths up to a
meter (Sorrie 1987, Harvey and Haines 2003). At some locations Slender Arrowhead is
submersed early in the season and the plants become exposed later in the year as water levels
decline (Harvey and Haines 2003) but at other sites the water depth may vary from one year to
the next (Cavileer and Gallegos 1982). The water levels of intermittent ponds on the coastal
plain are closely tied to groundwater levels, which in turn are driven by long-term trends in
regional rainfall (Zaremba and Lamont 1993).
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Most New Jersey populations of Sagittaria teres occur in coastal plain intermittent ponds,
although one is situated along the shoreline of a large lake (Johnson and Walz 2013, NJNHP
2022). A number of the occurrences are in man-made wetlands that were created by activities
such as gravel or sand mining but now function like natural intermittent ponds. One population
was found in another highly altered site where an earlier disturbance had created an unusually
flat, sandy streambed (NJNHP 2022).

Coastal plain pondshores often develop distinct vegetation bands in response to hydrologic
conditions, with a gradient that ranges from the permanently flooded pond bottom to an upper
wetland shrub thicket (Zaremba and Lamont 1993). Periodic exposure of the substrate in the
section favored by Sagittaria teres may facilitate the establishment of young arrowhead plants
(Enser and Caljouw 1989). Competition in that zone is limited because many plant species are
either strictly aquatic or strictly terrestrial and cannot persist when the water levels shift
(Coddington and Field 1978).
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Young (2012) noted that Sagittaria teres often co-occurs with larger emergent plants. Typical
associates of the species in coastal plain ponds usually include a variety of sedges, rushes, and
grasses. White Water-lily (Nymphaea odorata), yellow-eyed grasses (Xyris spp.) and
bladderworts (Utricularia spp.) are also likely to be present (Snyder 1996, Young 2012). Seven-
angle Pipewort (Eriocaulon aquaticum) and Golden Hedge-hyssop (Gratiola aurea) have been
known to share habitat with S. teres at both the northern and southern ends of the arrowhead's
range (Harvey and Haines 2003, MANHESP 2015, NJNHP 2022). Several other globally rare
species that occur in the region also favor coastal plain ponds including Coreopsis rosea,
Hypericum adpressum, and Uvularia puberula var. nitida (Tiner 2003).

Wetland Indicator Status

Sagittaria teres 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 2023b)

SATE?2

Coefficient of Conservatism (Walz et al. 2018)

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 Sagittaria teres is restricted to a few states in the northeastern United States
(POWO 2023). The map in Figure 1 depicts the worldwide extent of Slender Arrowhead.

The USDA PLANTS Database (2023b) shows records of Sagittaria teres in five New Jersey
counties: Atlantic, Burlington, Camden, Cape May, and Morris (Figure 2). Hough (1983) noted
that the Morris County record was an isolated occurrence. S. teres has also been found in Ocean
County (NJNHP 2022). The data include historic observations and do not reflect the current
distribution of the species.
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State distribution map of Sagittaria teres - Slender Arrowhead

Species present in state  Species present and Species extirpated Species not present in
and native rare (historic) state

Figure 1. Distribution of S. teres in North America, adapted from BONAP (Kartesz 2015).

Powered by Esri

Introduced [ Soth

Copyr
|:| Native
]

Native, No County Data D Introduced. No County Data Both, No County Data

Figure 2. County records of S. teres in New Jersey and vicinity (USDA NRCS 2023b).
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Conservation Status

Sagittaria teres is globally vulnerable. The G3 rank means the species has a moderate risk of
extinction or collapse due to a fairly restricted range, relatively few populations or occurrences,
recent and widespread declines, threats, or other factors (NatureServe 2023). The map below
(Figure 3) illustrates the conservation status of S. teres throughout its range. The species is not
considered secure anywhere: It is vulnerable (moderate risk of extinction) in one state, imperiled
(high risk of extinction) in one state, and critically imperiled (very high risk of extinction) in four
states. Sagittaria teres has also been identified as a plant species of highest conservation
priority for the North Atlantic region, which includes four Canadian provinces and twelve U. S.
states. The species has a regional rank of R3 (vulnerable), signifying a moderate risk of regional
extinction (Frances 2017).
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Figure 3. Conservation status of S. teres in North America (NatureServe 2023).

Sagittaria teres is imperiled (S2) in New Jersey (NJNHP 2022). The rank indicates that the
species is very rare in the state, with 6 to 20 occurrences. Species with an S2 rank may have
once been more abundant in the state but now persist in only a few of their former locations.
Slender Arrowhead 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 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 S. teres 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).
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Sagittaria teres was first reported in New Jersey by Smith (1895), who examined a specimen that
had been collected in the Pine Barrens by John Torrey in 1833. Stone (1911) questioned the
identification since S. teres was not known to occur in New Jersey at that time, although shortly
after that an Atlantic County record was cited by Taylor (1915). The first verified collection of
S. teres in the state was made in 1916 in Cape May County but the species was not observed at
that site after 1921 (NJNHP 2022). The number of known occurrences of Sagittaria teres has
slowly increased with the passage of time. Fables (1958) reported three populations in Atlantic
and Burlington Counties and Breden et al. (2006) indicated that five extant populations were
located in Atlantic and Camden counties. Additional discoveries in recent years have shifted the
state status of Slender Arrowhead from critically imperiled (S1) to imperiled (S2), and the
species is currently considered extant at nine sites in three counties (NJNHP 2016, 2022).

Threats

The most frequently reported threat to Sagittaria teres populations in New Jersey is off-road
vehicle (ORV) traffic (NJNHP 2022). ORV damage to exposed shorelines and pond bottoms has
been identified as a concern throughout the range of S. teres (Zaremba and Lamont 1993, Tiner
2003, Young 2012, MANHESP 2015). In addition to causing direct damage to rare plants, seed
banks, and microtopography, heavy ORYV traffic often leads to secondary impacts such as the
deposition of trash (Tiner 2003, NJNHP 2022) or the introduction of invasive plants via seeds
that adhere to muddy tires (personal observation). Despite longstanding efforts to curb the
illegal use of ORVs on public lands in New Jersey (NJDEP 2018), the availability of resources
for enforcement of regulations has been limited so the destruction of sensitive natural areas
continues to be a significant problem in the state (Rodas 2022).

Google

ORV damage at site of S. teres occurrence in a New Jersey coastal plain pnd (Google 2023).
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In places where S. teres occurs along the shoreline of larger ponds and lakes, habitat damage can
result from other recreational uses such as boating, swimming, horseback riding, or camping
(MANHESP 2015). Both heavy recreational usage and urbanization of the surrounding
landscape were cited as factors that eliminated critical habitat for Sagittaria teres in Rhode
Island (Enser and Caljouw 1989). One of the reasons that S. teres is so rare is the scarcity of
suitable habitat throughout its range (Coddington and Field 1978). In the past, some coastal
plain ponds were lost when they were converted for use as road runoff catchment basins,
cranberry bogs, or mines (Zaremba and Lamont 1993, Johnson and Walz 2013), but even sites
that were protected have been affected by activities that occurred offsite. Runoff from adjacent
agricultural, commercial, or residential properties has resulted in the eutrophication of some
ponds, while watershed-wide development has caused water table drawdowns that altered the
natural hydrological patterns at other sites (Zaremba and Lamont 1993, Tiner 2002, Green and
Gauver 2010, Johnson and Walz 2013, MANHESP 2015). The challenge of dispersing
propagules across a fragmented landscape to limited number of suitable sites is probably the
greatest threat to the long-term persistence of Sagittaria teres (Edwards and Sharitz 2003).

Although no invasive plant species have been identified as threats to extant populations of
Sagittaria teres in New Jersey some have been noted as problematic in other states. In aquatic
settings, S. teres may be impacted by the dense growth of exotic species like Cabomba
caroliniana (Greene and Grauver 2010) or by the unintended consequences of efforts to control
invasives like Myriophyllum heterophyllum (Harvey and Haines 2003). Young (2012) noted that
several Slender Arrowhead populations in New York had been jeopardized by the establishment
of Phragmites australis ssp. australis.

As the global climate continues to warm, rising temperatures and altered precipitation patterns
are increasing the frequency and intensity of both floods and droughts in New Jersey (Hill et al.
2020). The hydrologic regimes of intermittent coastal plain ponds are directly governed by the
climate. Local rainfall and seepage from groundwater, which is also influenced by regional
precipitation trends, are the primary water sources for a typical coastal plain pond in southern
New Jersey. Following any initial overflow runoff via temporary streams the pools slowly lose
water through evaporation and percolation, becoming fairly dry by mid-summer during a normal
year (Snyder 1996). Extended deviations from the pattern can be harmful to Sagittaria teres:
Prolonged inundation can deter flowering in the species (Cavileer and Gallegos 1982, Harvey
and Haines 2003) and successive years of drought can facilitate the establishment of more
competitive upland plants (Zaremba and Lamont 1993). A regional species-level assessment by
Ring et al. (2013) determined that Sagittaria teres is extremely vulnerable to climate change.
The threat level signifies that Slender Arrowhead is extremely likely to substantially decrease in
abundance or disappear from New Jersey by 2050. Because the fate of individual ponds is tied
to local conditions the impact of climate change may vary between sites. However, the loss of
even a small number of populations could have an outsized impact on the globally rare species
due to the limited availability of alternate sites, wide separations between patches of suitable
habitat, and a limited capacity for dispersal over long distances.
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Management Summary and Recommendations

Although Sagittaria teres may sometimes become locally abundant when circumstances are
favorable, the global range of the species is small and its habitat requirements are narrow.
Conservation of the acidic, sandy, intermittent ponds and shorelines utilized by S. teres will help
the arrowhead to persist and will also benefit a number of other rare species with similar habitat
preferences. In places where S. teres is extant, site-specific management planning is needed to
protect natural hydrological regimes and water quality, minimize direct human disturbance, and
prevent or control the establishment of invasive plants.

Although the number of known occurrences of Sagittaria teres has increased in New Jersey,
some of the populations are small and a number of them face ongoing threats from disturbance.
The challenge of managing illegal ORV use on public lands is not unique to New Jersey (eg.
Sierra Forest Legacy 2008, MIDNR 2016) and PEER (2023) has called for a national strategy to
address the issue, noting that it is "fast becoming the number one law enforcement problem on
our public lands." Ongoing cooperation and communication between land managers in multiple
states may advance the identification of a workable solution.

During a recent visit to one New Jersey population of Sagittaria teres it was noted that numerous
plants had been uprooted by waterfowl and were floating in the water or washed up along the
shoreline (NJNHP 2022). More frequent monitoring of that site is recommended in order to

determine the extent of the problem and whether it is having any long-term effects on the vigor
or viability of the S. teres population.

Synonyms

The accepted botanical name of the species is Sagittaria teres S. Watson. Orthographic variants,
synonyms, and common names are listed below (ITIS 2021, POWO 2023, USDA NRCS 2023b).

Botanical Synonyms Common Names

Sagittaria graminea var. teres (S. Watson) Bogin Slender Arrowhead
Quill-leaved Arrowhead
Terete Arrowhead
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