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Life History

Uvularia puberula var. nitida (Pine Barren Bellwort) is a rhizomatous perennial herb. Over the
years Uvularia has been placed in an assortment of families including Calochortaceae, Liliaceae,
Melanthiaceae, and Uvulariaceae but it is currently included in the Colchiaceae. Morphological
and molecular characteristics support the division of Uvularia into two sections: U. puberula is
included in Section Oakesiella along with U. sessilifolia and U. floridana (Wilbur 1963, Hayashi
et al. 1998, Boyd and Thalmeyer 2014). Two varieties of U. puberula have been described,
although they are not universally accepted (see Synonyms and Taxonomy section). All of the U.
puberula plants in New Jersey are var. nitida.

- 7
Left: U. puberula, Britton and Brown 1913, courtesy USDA NRCS 2024a. Right: U. purula
var. nitida, Jason Hafstad, 2017.

Uvularia puberula has a short (0.5-1 cm) rhizome with a cluster of fleshy roots. It does not
spread clonally but several stems can arise from a single rhizome (Wijesinghe and Whigham
2001). The stems are once-branched, conspicuously angled near the top, and up to 4.5 dm tall.
The upper stems of typical U. puberula plants are generally pubescent but those of var. nitida are
often smooth or nearly so. The elliptical leaves are alternate, sessile (or occasionally slightly
clasping at the base), and slightly rough along the edges. Dietz (1952) observed that the leaves
may appear to be more strongly clasping early in the season before they have completely
unfolded. U. puberula produces 1-3 flowers per stem on downwardly arching stalks that are
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0.5-2 cm long. Each flower has six pale yellow or greenish tepals that are 1-2.5 cm long and 2—
4 mm wide, six stamens on short filaments, and a deeply divided style (stigmatic lobes 4-6 mm
long). The fruit is a sharply-winged, three-parted capsule that is 1.5-3.7 mm in length and
brown at maturity. (See Watson 1879, Britton and Brown 1913, Fernald 1950, Wilbur 1963,
Gleason and Cronquist 1991, Hayashi et al. 1998, Utech and Kawano 2020).

U. puberula var. nitida is one of three Uvularia species that occurs in New Jersey (Kartesz
2015). U. perfoliata is easily to tell apart from the other two bellworts because the bases of its
leaves completely surround the stems. When flowers are present the short (1-2 mm) stigmatic
lobes of U. sessilifolia can help to separate it from U. puberula (Hayashi et al. 1998).
Nonflowering plants are best distinguished by the leaves: Those of U. puberula are shiny and
green on both surfaces while those of U. sessilifolia are not shiny and they have a whitish coating
on the underside (Young 2012). In parts of its range where both varieties of U. puberula occur
var. nitida is usually separable by its leaves which are thinner, smoother below, and more wedge-
shaped at the base (Uttal 1991).

Uvularia puberula typically flowers during May, although a large number of plants in any given
population may remain vegetative (Vail et al. 1890, Stone 1911, Hough 1983, Boyd 1991,
Gordon 2002, Lamont and Young 2004, Rhoads and Block 2007, NJNHP 2024). Fruits can
begin to develop on some of the plants while others are still in bloom (Lamont and Young 2004)
but the seeds are retained in the capsules until late summer (Wijesinghe and Whigham 2001,
Warren et al. 2017). In Uvularia, subterranean buds for the next year's growth form during the
fall months, remain dormant throughout the winter, and rapidly expand in the spring (Alden
1912). The aboveground portions of the plants disappear during the winter (Wilbur 1963). The
fleshy roots of U. puberula can persist for more than one season. They serve as storage organs
but can also fulfill an exploratory function that Wijesinghe and Whigham (2001) likened to
foraging—the roots elongate faster and branch more frequently when they come into contact
with nutrient-rich microsites.

Pollinator Dynamics

No information was found about the pollinators of Uvularia puberula but the flowers have
nectaries (Wilbur 1963) so they are probably attractive to insects. Uvularia grandiflora and U.
sessilifolia are visited by an assortment of bees and occasional flies, although Andrenid bees
appear to be the most effective pollinators (Holm 2014, Hilty 2020). One bee in particular
(Andrena uvulariae) is a pollen specialist on Uvularia. The typical range of the insect extends
from New England to North Carolina, although Edens-Meier et al. (2020) recently documented it
in Missouri. A. uvulariae flies only in May and is considered rare (Fowler and Droege 2020).
All of the bees observed on U. sessilifolia in North Carolina by Motten (1986) were generalist
pollinators. Whigham (1974) reported that Uvularia perfoliata was pollinated by flightless
Staphylinid beetles before the flowers had fully expanded. Although it seems probable that bees
play a role in cross-fertilizing U. puberula flowers, differences among the reported pollinators of
other bellworts preclude the drawing of inferences about pollination in the species. Outcrossing
appears to be prevalent in the genus: When other Uvularia species (U. grandiflora, U. perfoliata,
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U. sessilifolia) were experimentally self-pollinated very low levels of fruit set or seed production
resulted (Whigham 1974, Motten 1986, McCall and Primack 1987, Edens-Meier et al. 2020).

Seed Dispersal and Establishment

Mature Uvularia capsules typically produce 1-3 seeds in each of their three chambers. U.
puberula seeds are approximately 3 mm in diameter and they have crested arils (Utech and
Kawano 2020). The arils, also known as elaiosomes, are lipid-rich and highly attractive to ants.
Ants are the primary seed dispersers of U. puberula and other Uvularia species (Hayashi et al.
1998, Warren et al. 2017). Seeds with elaiosomes are usually collected shortly after dispersal.
The ants carry them back to their nests, where they consume the appendages without harming the
seeds. The majority of ant-dispersed seeds wind up within a few meters of the parent plants.

The seeds that are relocated by ants are protected from predation, and the nests are generally
favorable sites for germination (Thompson 1981, Handel and Beattie 1990, Ness et al. 2004).

The germination and establishment requirements of Uvularia puberula are not known. The
seeds of other Uvularia species usually germinate the first spring after dispersal (Whigham 1974,
Baskin and Baskin 1988, Deno 1993). A study of U. perfoliata found that seedling development
proceeded slowly—with only roots forming during the first year and aerial parts appearing in the
second year—and that it took several years for the plants to reach reproductive maturity
(Whigham 1974). Mycorrhizae have been documented in other members of the family and
genus (Smith and Smith 1997, Wang and Qiu 2006) but it is not clear whether fungal
associations are important during the seedling stage.

Habitat

Throughout its range, Uvularia puberula can be found in moist to dry woodlands at elevations up
to 1,500 meters above sea level (Utech and Kawano 2020, Weakley et al. 2024). Szakacs et al.
(2022) classified the species as a generalist in terms of shade tolerance and Weakley et al. (2024)
assigned it a heliophily ranking of 4 on a scale of 1 (shade obligate) to 9 (sun obligate). U.
puberula var. puberula is often associated with piedmont or mountain sites while var. nitida is
typically associated with the coastal plain (NCCE 2024).

Uvularia puberula var. nitida has been found in comparable habitats in New Jersey, New York,
Virginia, and the Carolinas. The communities are frequently described as pine barrens, pine-oak
woods, or oak-pine woods. A well developed understory dominated by ericaceous shrubs is
often present. U. puberula var. nitida has been found in open woods or thickets and along the
edges of swamps, firebreaks, or roadways. Colonies of the bellwort are often situated in mesic
transition zones between swamps and dry uplands (Britton 1889, Fernald 1939, Fables 1957,
Breden et al. 2001, Gordon 2002, Lamont and Young 2004, Sorrie et al. 2006, Hernon 2010,
Taggart 2010, Young 2012, NJNHP 2024).
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Wetland Indicator Status

The U. S. Army Corps of Engineers divided the country into a number of regions for use with the
National Wetlands Plant List and portions of New Jersey fall into three different regions (Figure
1). Uvularia puberula has more than one wetland indicator status within the state. In the
Atlantic and Gulf Coastal Plain region, U. puberula is a facultative species, meaning that it
occurs in both wetlands and nonwetlands. In other regions of the state it is a facultative upland
species, meaning that it usually occurs in nonwetlands but may occur in wetlands (U. S. Army
Corps of Engineers 2020).

Displayed on the right is the Wetland ¢

Regions Map for the Corps of Engineers
NCNE
NCNE Northcentral and Northeast MW
MW Midwest
EMP Eastern Mountains and Piedmont AW GP
GP Great Plains
AW Arid West
AGCP Atlantic and Gulf Coastal Plain
WMVC Western Mountains, Valleys & Coast

EMP

AGCP

Figure 1. Mainland U. S. wetland regions, adapted from U. S. Army Corps of Engineers (2020).

USDA Plants Code (USDA, NRCS 2024b)

The USDA code for Uvularia puberula var. nitida is UVPUNZ2, but the USDA lists the variety as
a synonym of Uvularia puberula (UVPU2).

Coefficient of Conservancy (Walz et al. 2020)

CoC =9. 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 map in Figure 2 depicts the extent of Uvularia puberula in North America. According to
Fernald (1950), var. nitida was found from Long Island to Virginia and the range of var.
puberula extended from Virginia south to Georgia and Alabama. Since then, both varieties have
been reported in North Carolina (Sorrie et al. 2006, Taggart 2010, NCCE 2024) and South
Carolina (Uttal 1991).
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State distribution map of Uvularia puberula - Mountain Bellwort

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

Figure 2. Distribution of U. puberula in North America, adapted from BONAP (Kartesz 2015).
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Figure 3. County records of U. puberula in New Jersey and vicinity (USDA NRCS 2024b).
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The USDA PLANTS Database (2024b) shows records of Uvularia puberula in four New Jersey
counties: Atlantic, Burlington, Monmouth, and Ocean (Figure 3 above). Bayard Long also
collected the species at two locations in Camden County (Mid-Atlantic Herbaria 2024). The data
include historic observations and do not reflect the current distribution of the species.

Conservation Status

Uvularia puberula is considered globally secure. The G5 rank means 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 (NatureServe 2024). The map below (Figure 4)
illustrates the conservation status of U. puberula throughout its range. The species has not been
ranked at the varietal level. Uvularia puberula is vulnerable (moderate risk of extinction) in
Pennsylvania and critically imperiled (very high risk of extinction) in New York. The New
Jersey status does not appear on the map because the state listed it as U. puberula var. nitida.
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EI Conservation Status
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Figure 4. Conservation status of U. puberula in North America (NatureServe 2024).

Uvularia puberula var. nitida is critically imperiled (S1) in New Jersey (NJNHP 2024). The
rank usually signifies five or fewer occurrences in the state. A species with an S1 rank is
typically either restricted to specialized habitats, geographically limited to a small area of the
state, or significantly reduced in number from its previous status. U. puberula var. nitida 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. In this case the state rank and status appear to reflect
the relative rarity of the variety, which was previously ranked as globally vulnerable when it was
recognized by NatureServe (NJNHP 2024). Although the presence of endangered flora may

Uvularia puberula var. nitida Rare Plant Profile, Page 8 of 18



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 bellwort 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).

Uvularia puberula var. nitida is restricted to the Pine Barrens in New Jersey (Rapa 2005).
Nathaniel Lord Britton first documented the species in Ocean County during 1887, collecting it
at two sites (Britton 1889). Throughout the century that followed the bellwort was found at
about two dozen additional locations around the state but it continued to be characterized as rare
and local (Mackenzie 1908, Long 1909, Stone 1911, Fables 1958). Although Fairbrothers and
Hough (1973) omitted U. puberula from their list of rare New Jersey plants, Hough (1983)
subsequently identified it as an endangered species. Pine Barren Bellwort was one of 44 plants
listed as Priority 1 for protection by the state (NJONLM 1984) and was included on New Jersey's
first official list of endangered flora (NJONLM 1990). After the initial listing at least ten new
occurrences were discovered, and the species was ranked as S2 (imperiled) from 1992 to 2022
(NJONLM 1992, NJNHP 2022). The Natural Heritage Program currently tracks 18 populations
as extant and 23 as historical, but many of the extant populations are small and several have not
been relocated (Gordon 2002, 2013, 2015; Schuyler and Gordon 2002, Zampella et al. 2004).
The status of the species was recently changed to critically imperiled (NJNHP 2024).

Threats

Populations of Uvularia puberula var. nitida in the New Jersey Pine Barrens may face an
assortment of threats depending on their location. While some of the extant occurrences appear
to be relatively secure, potential concerns noted for others have included roadside maintenance,
off-road vehicles, foot traffic, invasive plants, flooding by beavers, and deer. At least one
population appears to have been destroyed by the scraping of vegetation along the edge of a road
(Gordon 2002, NJNHP 2024), and other roadside occurrences have experienced repeated
disturbances from mowing or parking along the shoulder.

Canopy closure has been identified as a possible threat at some sites. Although Pine Barren
Bellwort can persist shady locations it is often more abundant in gaps and along edges. Uvularia
puberula is tolerant of fire and appears to benefit from prescribed burns (Harrod et al. 2000,
Binninger 2016, Benz 2020). During one study the bellwort was documented at a location that
had been cleared and burned but it was not recorded there prior to the management activity and it
was absent from an unburned reference site (Ulyshen et al. 2022).

Herbivory by White-tailed Deer (Odocoileus virginianus) is likely to threaten some New Jersey
populations and that has also been identified as a concern for Uvularia puberula in Pennsylvania
(PANHP 2019). Although deer exclosures did not appear to make a difference in the bellwort's
abundance during a study in Virginia (Wilbur et al. 2017), plants in the Liliales are highly
palatable and often preferentially browsed. Detrimental impacts to other Uvularia species have
been reported as a result of grazing (Miller et al. 1992, Balgooyen and Waller 1995, Huebner et
al. 2010, Waller and Maas 2013).
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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 Uvularia puberula var. nitida populations 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 Pine Barren Bellwort
was assessed as Less Vulnerable, meaning that climate change is not expected to have a notable
detrimental impact on its extent in New Jersey by 2050. However, much is still unknown about
the species' ecological requirements so its vulnerability may have been underestimated.

Shifting climactic conditions in New Jersey are resulting in higher temperatures, more frequent
and intense precipitation events, and increasing periods of drought (Hill et al. 2020). It is not
clear whether U. puberula can alter the timing of key life history events in response to
environmental cues, and the bellwort's tolerance for inundation or desiccation have not been
studied. As an ant-dispersed species, U. puberula probably has a limited capacity for northward
range expansion because its propagules are not moved over long distances between generations.
As the climate continues to warm, synchrony between seed release and periods of high ant
activity may be disrupted (Warren et al. 2017). Warmer temperatures might also facilitate the
introduction of different ant species in the region, which could affect seed dispersal distances and
frequency (Ness et al. 2004).

Management Summary and Recommendations

Potential differences between the varieties of Uvularia puberula do not appear to have been
evaluated at the molecular level. Genetic studies might provide taxonomic clarity as well as
some indication of how resilient the species is likely to be in the face of change. Other suggested
topics for research on U. puberula include pollinators, self-compatibility, germination and
establishment requirements, plant development and lifespan, herbivory impacts, competitive
abilities, and adaptability to shifts in environmental conditions.

No urgent management needs have been identified for Uvularia puberula in New Jersey. Few
threats have been noted during recent surveys and half of the 18 extant populations have been
monitored within the past decade. Another 23 populations are ranked as historical because
suitable habitat is thought to be present and the majority of those sites have not been searched so
the bellwort might still persist in some additional locations.

Synonyms and Taxonomy

The accepted botanical name of the species is Uvularia puberula var. nitida (Britton) Fernald.
Orthographic variants, synonyms, and common names are listed below (Fernald 1935, POWO
2024). Northern specimens of U. puberula were noted to share some characteristics with typical
plants in that genus and with U. sessilifolia but to differ from both, and their identity was
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eventually resolved by naming them as a variety of the former species (Britton 1889, Mackenzie
1908, Long 1909, Fernald 1935). Wilbur (1961, 1963) noted that U. puberula plants with similar
features could be found throughout the species' range and argued that the varieties were not
distinct enough to warrant taxonomic ranking. Uttal (1991) thought the varieties were distinct
but noted that they sometimes backcrossed in the Carolinas. Many current sources do not
recognize any varieties of U. puberula (eg. Kartesz 2015, Utech and Kawano 2020, ITIS 2024,
NatureServe 2024, POWO 2024, USDA 2024b). Weakley et al. (2024) observed that differences
between the two varieties appeared to be minor, inconsistent, and poorly correlated with their
distribution.

Botanical Synonyms Common Names
Oakesia sessilifolia var. nitida Britton Pine Barren Bellwort
Oakesiella nitida (Britton) A. Heller Shining Bellwort

Uvularia nitida (Britton) Mack.
Uvularia pudica var. nitida (Britton) Fernald
Uvularia sessilifolia var. nitida (Britton) Morong
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