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SUMMARY

Linum sulcatum Ridddl is awidespread annud in the flax family (Linacese), distributed
throughout the tall- and midgrass prairie sates, extending eastward to Georgia and north into
New England. In lowa, Missouri, and other states with prairie remnants, it is a characteristic
gpecies of high-quality dry to mesic natural grasdand sites. In the Midwest, it does not compete
wdl in disturbed areas. Eastward, it occursin cedar glades, pine-oak woodlands, serpentine
barrens, steep-doping calcareous sites, and isolated disturbed areas. Linum sulcatum has
been recorded from 31 states and three Canadian provinces. Itislisted asrarein 11 statesand
one province, and is known only from historical recordsin five Sates.

In New England, the more natura occurrences of Linum sulcatum were associated
with the calcareous regions in Western Connecticut, Massachusetts, and Vermont. 1t has been
collected in Vermont (three sites), Massachusetts (three sites), Rhode Idand (one site), New
Hampshire (one Site), and Connecticut (16 Stes), but is known currently in New England from
only two Stesin Connecticut. It islisted in Flora Conservanda as aDivision 2 species,
globaly secure, but regionally rare. The two Connecticut Sites are both privately owned and
maintained by regular disturbances. One population with less than 100 plantsis a the edge of
an abandoned quarry that is now surrounded by resdentid and commercid development. The
other ste, with 500 plants primarily located dong a power line right-of-way, is managed by
periodic manud cutting of shrubs and trees and herbicide applications.

Linum sulcatum is taxonomicaly distinct and clearly distinguishable from the other Sx
Linum species that occur in the Northeast. It isinsect-pollinated, probably self-compatible,
forms seedbanks, and germinates readily without cold treetment. It growsin full sun and does
not compete well with other species. It is not known to form natura hybrids.

The conservation objectives for Linum sulcatum are to: 1) protect al New England
populations that are currently known in habitat that is maintained by natural processes, 2) search
for new populationsin natura habitat; and 3) if additiona populations are located, to protect a
total of five populationsin Connecticut and two each in New Hampshire, Vermont,
Massachusetts, and Rhode Idand, al within the historica range of the species. Populations
should be managed, if necessary, to maintain a population of at least 100 plants at each Ste. A
detailed habitat-use modd should be developed. All sites should be monitored for population
leve, habitat extent, and associated species to devel op a better understanding of population
dynamics and characterize habitat in New England. Pollinators, seed viability, and sdlf-
compatibility should be examined to determine if seed st islimiting in New England. All efforts
should include nearby sitesin New Y ork, where the plant is also rare and there is additiond
potential habitat.



PREFACE

This document is an excerpt of a New England Plant Conservation Program (NEPCoP)
Consarvation and Research Plan. Full plans with complete and sengtive information are made
available to consarvation organizations, government agencies, and individuas with responsibility
for rare plant conservation. This excerpt contains genera information on the species biology,
ecology, and digtribution of rare plant speciesin New England.

The New England Plant Conservation Program (NEPCoP) of the New England Wild Flower
Society isavoluntary association of private organizations and government agencies in each of
the six states of New England, interested in working together to protect from extirpation, and
promote the recovery of the endangered flora of the region.

In 1996, NEPCoP published “Flora Conservanda: New England.” which listed the plantsin
need of conservation in the region. NEPCOoP regiond plant Conservation Plans recommend
actions that should lead to the conservation of Flora Conservanda species. These
recommendations derive from avoluntary collaboration of planning partners, and their
implementation is contingent on the commitment of federd, Sate, locd, and private conservation
organizations.

NEPCoP Conservation Plans do not necessarily represent the officid position or approvd of dl
state task forces or NEPCoP member organizations, they do, however, represent a consensus
of NEPCoP s Regiona Advisory Council. NEPCoP Conservation Plans are subject to
modification as dictated by new findings, changes in species status, and the accomplishment of
conservation actions.

Completion of the NEPCoP Conservation and Research Plans was made possible by generous
funding from an anonymous source, and data were provided by state Naturd Heritage
Programs. NEPCoP gratefully acknowledges the permission and cooperation of many private
and public landowners who granted access to their land for plant monitoring and data collection.

This document should be cited asfollows:
Zaremba, Robert E. 2003. Linum sulcatum Riddell (Grooved flax) Conservation and

Research Plan for New England. New England Wild Hower Society, Framingham,
Massachusetts, USA.

© 2003 New England Wild Flower Society



|. BACKGROUND

INTRODUCTION

Linum sulcatum Riddell is awidespread member of the flax family (Lincaese).
Nomenclature follows Mitchell and Tucker (1999). Linum sulcatum is divided into two
vaieties (Rogers 1963). Linum sulcatum var. harperi (Smal) C. M. Rogersis restricted to
Georgia, Alabama, and Floridaand isglobaly rare. Linum sulcatum var. sulcatumis one of
the most widespread members of its genus in North America and is distributed from Manitoba
south to Texas and east to Georgia and New Hampshire (NatureServe 2003). It isknown
from 31 states and three Canadian provinces. Linum sulcatum var. sulcatum is the subject of
this plan.

Linum sulcatum is taxonomicdly diginct and isthe only member of one of the five
complexes of species within the genus Linum in North America (Rogers 1963). There have
been numerous taxonomic studies of Linum, partly because of the commercid vaue of Linum
usitatissimum, which is not native to the New World but is grown for its fiber for making linen
and for the production of linseed oil (Rogers 1969). Linum sulcatum isthe only species netive
to North Americawith a base chromosome number of 15, which is aso the haploid
chromosome number for L. usitatissimum (Dillman 1933). These two species are not known
to hybridize. Linum sulcatum s easily distinguished for the other Sx species of Linum found in
the Northeadt. Itisdso fairly easy to identify in thefied.

In the Midwest, Linum sulcatum is a characteristic species of dry to mesic tdl- and
midgrass prairies (Harvey 1908). In some aress, it is consdered an indicator of good quality
prairie. It does not compete well with other species, particularly invasives, in Midwestern
disturbed stes. It does not do well after fire (Albertson 1937) or when affected by natura
animd disturbances, such as gopher burrowing (Gibson 1989). It does, however, subsequently
colonize newly disturbed aress.

In the East, Linum sulcatum occurs in arange of open, sunny communities on dkdine
soils. Itisfound in cedar glades, oak-pine woods, serpentine barrens, and other cal careous
dope communities. It isaso found a some disturbed stesin the East, particularly in New
England, where it has historically been collected on roadsidesand in old fidds. Typicd
associated species in New England include Schizachyrium scoparium, Juniperus virginiana,
Centaurea maculosa, Celtis occidentalis, and Poa compressa. It often occurs with other
date and regiondly rare species, including Bouteloua curtipendula, Draba reptans,
Onosmodium virginianum, Aristolochia serpentaria, Soorobolis asper, Liatris borealis,
and Hedeoma hispidum.



Linum sulcatum is an annud that forms seedbanks. 1t isinsect-pollinated and probably
sdf-compatible (Vince Eckhart, Grinndl College, personad communication). Like al members
of Linum, it contains cyanogenic glycosde linaniarin that hydrolyzesto prussic acid or hydrogen
cyanide (Frohne and Pfander 1984). Plants are hitter-tasting and toxic to some animals.

Linum sulcatum is generdly not eaten by deer (Dix 1959). It has been used medicindly for a
broad range of alments including ssomach distress and as atopicd astringent to treet burns and
ulcers (Frohne and Pfander 1984).

Linum sulcatumisrare in New England, currently known from only two Sites and from
an additional 22 towns documented by specimens. Most specimens were collected between
1868 and 1927. It has been collected in New Hampshire, Vermont, M assachusetts,
Connecticut, and Rhode Idand. Most of the specimens in the eastern and southern parts of
New England suggest that it is a species of disturbed areas, mainly roadsides and old fidlds. In
the calcareous regions of New England in northwestern Connecticut and southwestern
Massachusetts and in southwestern Vermont, Linum sul catum occurs in successional cedar
glades and in other openings on dkaline, sandy soil. One site in Connecticut has collections that
span nearly 90 years.

Both currently-known stesin New England are privately owned and vulnerable.
Linum sulcatum isliged in the Flora Conservanda as a Divison 2 species, globaly secure,
but regiondly rare (Brumback and Mehrhoff et a. 1996).

The conservation objective for Linum sulcatum isto protect al known populationsin
New England and to locate and protect new populations in habitat maintained by natural
processes to attain atota of five populationsin Connecticut and two each in New Hampshire,
Vermont, Massachusetts, and Rhode Idand. If populations are found in natural areas at other
New England gtates, two populations in each state should aso be protected. Conservation
actions aso include the development of a habitat-use model, monitoring to understand
population dynamics, research to understand the biology and ecology of the species and the
reasons for its rarity, and the development of an ex situ seedbank of New England materidl.

DESCRIPTION

With the exception of noted references, most of the following description of Linum
sulcatum istaken from C. M. Rogers (1963), who is the most recent monographer of the
genus Linum in North America. Linum sulcatum is awidespread herbaceous speciesin the
Linaceee. Itisgenerdly described as an annud, but referred to as occasionaly biennid in
North Carolina (Radford et d. 1968). Plants vary in height from 20 to 70 cm, athough some of
the New England plants seen in the field grow only to afew centimeterstal (persond
observation). Even the smdlest plantsin New England appear to flower (persona observation).
Plants are erect, smple below with afew ascending branches. Leaves are Smple, linear to
lanceolate, entire and have a pronounced midrib that terminates in asharp point. The lower



pairs of leaves usudly fal off before the plant flowers. Each leaf hasapar of dark stipular
glands.

Flowers terminate each of the branches, forming an open panicle. Pedicdsare 1.3t0
4.7 mm long, articulated about 1 cm below the fruit; sepds are lanceolate, acuminate and
conspicuoudy glandular-toothed. FHowers are pae yellow, with petas 510 mm long that have
fine harsa thar interior base. Stamens are short, with filaments 3-5 mm long with dliptic
anthers. Stylesare 2-4 mm long, united only at the base. Thefruit is straw-colored, globose to
ovoid, 25-4 mmtdl, and 25-2.8 mm in diameter. The 5-carpellate fruit dehisces into ten
sharply pointed, one-seeded units. False septa are partialy devel oped and the septae are
ciliate. Seedsaredliptic, reddish brown and smdl (1.6-2.1 mm long).

Other yellow-flowered Linum speciesin the Northeast include L. intercursum, L.
medium var. texanum, L. virginianum, and L. striatum. All are perennid, except for L.
medium which can appear to function like an annua in New England (Rogers 1963). Linum
sulcatum can be digtinguished from these four species based on its basdly united Styles, five
sepas with glandular teeth that persst into fruiting, and that pair of dark stipular glands on each
leaf (Rogers 1963). Linum perenne is frequently grown in gardens and escapes into disturbed
aress. Itisblue-flowered and perennia. Linum catharticum isan annud and has been found
in some disturbed sitesin Vermont, Maine, and New Y ork. It has white flowers (Rogers
1963).

Linum sulcatum is not known to hybridize with any other Linum speciesin the

Northeast. Linum sulcatum isthe only native Linum species in the Northeast with a base
chromosome number of 15 (Dillman 1933).

TAXONOMIC RELATIONSHIPS, HISTORY, AND SYNONYMY

There are about 150 species of Linum worldwide, with 40 to 50 speciesin the New
World (Rogers 1963). Linum sulcatum was first described from a prairie sitein Ohio by
Ridddl in 1837. Mgor revisonsto the genus Linum were made by Rogers (1963), who
maintained the entity Linum sulcatum that was first described by Riddell (1837). The species
isdivided into two digtinct varieties. One, L. sulcatum var. sulcatum, iswidespread and
globally secure, extending from the Midwest to the Northeast and from Manitoba/Quebec south
to Texas and Georgia. A second variety, L. sulcatum var. harperi, is restricted to Georgia,
Alabama, and Foridaand isglobaly rare.

Rogers (1969) recognized five complexes within Linum, based on a series of
morphologica characters. The Sulcatum Complex consists of only one species, L. sulcatum,
which he consders diginctive in many ways. It isthe only New World Linum with partidly
united styles and a base chromosome number of 15 (Dillman 1933). Its pollen type and other



characters suggest that Linum sul catum represents a descendant of an intermediate form
between two complexes within the genus.

More detailed taxonomic work within the genus Linum using eectron micrograph scans
of pollen grains (Xavier and Rogers 1963, Xavier 1967), chromatographic work with petal
pigment (Giannas and Rogers 1970), and additiona work with hybridization (Harris 1968)
have dl led to confirmation of the taxonomic relationships worked out by Rogers (1963).

Cultivated flax (Linum usitatissimum), grown for both its fibers to make cloth and for
linseed ail, has been geneticaly dtered to resst herbicides and has been evauated by the
USDA (APHIS 1999) as a potentid invasive into agriculturd fieds that are managed with
herbicides. Linum sulcatum, like L. usitatissimum, has a base chromosome number of 15
and has ds0 been evaduated for potential invasiveness because of concern that it might hybridize
with L. usitatissimum. The evauation concluded that there is no risk to other commercid
crops because both species of Linum are poor competitors and there is no evidence that they
can hybridize. Although Linum usitatissimum hybridizes fredy with other Linum species with
a base chromosome number of 15, few of these hybrids have produced viable seed and none
have demongtrated improved commercia uses (Gill and Y ermanos 1967). Attempts have aso
been made unsuccesstully to hybridize Linum sulcatum with its purported near relativesto
assess chromosoma smilarities (Harris 1968).

At onetime, Linum intercursum had been included as a part of L. floridanum and
had been aso confused with L. sulcatum in New England (Bickndl 1912). From collections
on Nantucket, Martha's Vineyard, and the Hempstead Plains on Long Idand, Bicknell
described L. intercursum as anew species. Earlier, in what must be one of the first New
World collectionsof L. sulcatumin 1830, a L. sulcatum specimen from New Haven,
Connecticut was identified as L. striatum seven years before the first description of the taxon
by Riddell. The type specimen (US) was collected in 1835 in Dover, Ohio.

Other synonyms for Linum sulcatum var. sulcatum indude Linum bootii Planchon,
var elatior Planchon (1848), Linum bootii Planchon var humilior Planchon (1848),
Cathartolinum sulcatum (Riddel) Smdl (1907), Nezera sulcata (Riddell) Nieuwland (1913),
and Mesynium sulcatum (Riddell) A. Léve and D. Love (1982).

SPECIES BIOLOGY

Linum sulcatum produces alarge number of very small seeds (Stevens 1932; Ballard
and Pruess 1979). Inagermination study of L. sulcatum, usng seed presumably collected in
the Midwest, seeds were sown without cold trestment at 70 degrees with germination in seven
to 14 days (Clothier 2003). Linum sulcatum seeds are known to persist in the soil seedbank
(Blake 1935).



Germination studies have not been conducted using seeds of Linum sulcatum collected
in New England (William Brumback, New England Wild Flower Society, persond
communication). Germination experimentation has been conducted with L. intercursumin
New England with successful germination after cold trestment. Seeds have not been collected
for L. sulcatumin New England (Brumback, persona communication).

Linum sulcatum can colonize new stes rgpidly (Cunningham 1997). Plants are first
evident in early June and begin to flower by late June, continuing through the early fal with pesk
flower abundance from mid July to late August (persond observetion). Like most annuds, even
the very smdlest plants, which may be as smdl as 4 cm, produce flowers (persond
observation). Plants appear to hold individud flowers for only one day (Eckhart, personal
communication). Often flowers are shed after opening for only afew hours. Itislikely that
pollen istransferred from anthers to the sigma as the corollafdls off. Although no details are
known concerning pollination mechaniamsin L. sulcatum, it islikdly that it isinsect-pollinated
(Eckhart, persona communication).

Itisunknown if Linum sulcatum is sdf-competible, dthough it is likely given that the
flowers are shed very quickly (Eckhart, persond communication). Some other members of the
genus outside North American are heterostylous and self-incompatible and have been studied
extensvely (Murray 1982). Conversdy, homostylous speciesin Linum are self-compatible.
All of the Linum speciesin North America have been referred to as homostylous (Robertson
1971), suggesting that L. sulcatum is probably salf-compatible. Studies should be undertaken
to determine whether L. sulcatum is sdlf-incompatible; if so, this may limit population
persstence over time in fragmented habitat.

Linum sulcatum has extremdy smdl seeds, some of the smdlest of the Linum (Balard
and Preuss 1979). Large numbersof L. sulcatum seeds were found in one study of ant-
caching of prairie seeds (Bdlard and Pruess 1979). From the study, it was unclear if the ants
were edting the seeds.

The chemica compostion of Linum has been well studied because of the commercia
useof Linum usitatissimum and because members of the genus have long been used for
medicina purposes (Frohne and Pfander 1984, Foster and Duke 1990). Members of the
genus Linum contain the cyanogenic glycoside linaniarin, which upon hydrolyss forms prussic
acid or hydrogen cyanide (Frohne and Pfander 1984). Byproducts of commercialy grown flax
have been mixed in low concentrations with other grainsto feed cattle, but in high
concentrations flax can be toxic and has been known to kill sheep and hogs (Pammel 1992).
Linum is not toxic to humans, and members of the genus have been used medicindly for a
broad range of allments including colds, lung and urinary tract problems, tumors, burns, and skin
problems (Frohne and Pfander 1984).

In naturd settings, Linum sulcatum is not eaten by deer (Dix 1959, Deuley 2003).
Linum sulcatum has been suggested as a plant to include in a garden to reduce deer herbivory



because of its hitter taste and tough leaves (Smons 2003). Linum sulcatum isthe food plant
of the Variegated fritillary (Euptoieta claudia) (Carleton College 2003).

Population numbers for Linum sulcatum can vary dramaticaly from year to year

(Robertson 1939). During years with droughts in May and June, population numbers may be
very low (personal observetion).

HABITAT/ECOLOGY

Linum sulcatum has been described as an early successiona species (USDA 2003).
It can germinate readily from prairie soil samples grown out in a greenhouse (Blake 1935). Like
mogt annuds, L. sulcatum does not do well immediately after fire, but does wdl in subsequent
years (Albertson 1937). Similarly, during a multi-year drought, L. sulcatum cover and
frequency were reduced, but in the years immediady following adequate rainfall, populaions
increased notably (Robertson 1939). In astudy of the impacts of natura animal disturbances,
such as gopher holes, on prairie species, Linum sulcatum was identified as negatively
associated with animal disturbances (Gibson 1989). It has been observed in lowathat L.
sulcatum occurs primarily in good-quality habitat that has been little affected by human
disturbance (Eckhart, personad communication).

In one study using Geographica Information System (GIS) methodology to characterize
rare species habitat in Michigan, Forest Service Land Type Associations assessment was
identified as an effective toal to predict occurrences of Linum sulcatum (Cleveland 1997).
Climate, geomorphology and landform, soil association, and landscape position were al used to
create amode. Linum sulcatum habitat was characterized as occurring on outwash deposits
with deegp sandy soil, only dight soil horizon development, and no textural banding caused by
elevated water levels. These Sites were the most xeric studied in Michigan and supported the
Black oak/white oak/\Vaccinium community.

Linum sulcatum is a characteristic species of many of the Midwestern prairies (Harvey
1908, Hall 1955, Weaver 1960, Bray 1960, Collins et a. 1989, Schwert et d. 1996). Itis
widespread throughout the tallgrass and midgrass prairie states. Its cover isaways low, but its
congstent presence in some communities has resulted in its being referred to as a characteristic
gpecies of prairies (Albertson 1937). Weaver (1960) commented that it could be extremely
common at asite and yet have very low percent cover. In Tennessee and Wisconsin, L.
sulcatum has been used as an indicator of remnant prairies (Tompson 1940, DeSelm et al.
1969). Linum sulcatum is suggested by severd prairie management programs for planting to
restore native Midwestern prairies (Cunningham 1997). Severd Midwestern nurserieslist
Linum sulcatum in their holdings (Eckhart, personad communicetion).



In Missouri, Alabama, Virginia, and Tennessee, Linum sulcatum isfound in cedar
glades (Steyermark 1975, Baskin et a. 1995). In Michigan, it occursin dry, open oak
woodlands (Cleveland 1997). Rogers (1963) also mentionsits occurrence in "interdund flats."

In New England and in nearby Northeastern states, Linum sulcatum isfound in
successiond Juniperus virginiana glades and in arange of disturbed areas, including
roadsides, power line rights-of-way, abandoned fields, and pastures (Fernald 1950, Seymour
1969, Magee and Ahles 1999). All of the extant populations are on highly akaline, sandy soils.

Habitat information for the Northeast includes data collected from the New Y ork and
Connecticut Natural Heritage Programs and persond observations. Associated native species
in the Northeast include: Schizachyrium scoparium, Juniperus virginiana, Celtis
occidentalis, Solidago nemoralis, Carex eburnea, Antennaria spp., Asclepias verticillata,
Minuartia stricta, Gentianopsis crinita, Potentilla simplex, and Cladonia spp. Linum
sulcatum is frequently associated with non-native species some of which are considered
invasve Berberis thunbergii, Rhamnus cathartica, Centaurea maculosa, Poa pratensis, P.
compressa, and Lonicera spp.

Linum sulcatum is nearly dways associated with other regionaly rare speciesin the
Northeast. These speciesinclude: Pycnanthemum torrel and P. clinopodioides (one site
each), Liatris scariosa (one ste), Bouteloua curtipendula (three sites), Onosmodium
virginianum (two sites), Draba reptans (three sites), Potentilla arguta (one site), Hedeoma
hispidum (one site), Asclepias viridiflora (two sites), Gentianella quinquefolia (one Site),
Aristolochia serpentaria (one site), Sporobolis asper (one site), and S. clandestinus (one
gte).

THREATSTO TAXON

Currently, the two extant New England populations of Linum sulcatum are threatened
by succession, trampling, and potentidly incompatible management. Higtoricdly, populations
may have been diminated by direct loss of habitat, fragmentation of habitat preventing effective
seed digpersd, and loss of processes maintaining habitat. Other potentid threeats include mining
and competition from invasive species.

Succession

Both of the known populations of Linum sulcatum in New England occur in
successiond cedar glades that are maintained by human activity. Oneislocated under a power
line (CT. 002 [New Milford]); another is at the edge of aquarry (CT.014 [Brookfield]).
Without site management, both populations would decline as the cedar glades become more
wooded. Most of the New Y ork populations near the Connecticut border are also in post-



agricultura cedar glades that, without management, fill in with shrubs and trees, over time
diminating Linum habitat.

Trampling and Other Human Disturbance

At the Connecticut quarry ste (CT .014 [Brookfidd]), thereis evidence of trampling
within the occupied Linum habitat, probably associated with lunchtime picnics during the
summer. There may dso be some impact from botanigts visting the Site, dthough the frequency
of botanicd vigtation is probably very low.

I ncompatible Management of Occupied Sites

The power line site (CT .002 [New Milford]) currently appears to be well managed to
support Linum sulcatum. Changesin power line management, for example, anincreasein
herbicide use, planting with vetch, or recontouring of the land to facilitate mowing, could
diminate Linum habitat. The Site is probably not currently managed specificdly to maintain
Linum sulcatum.

Direct Loss of Habitat

Mogt of the collections of Linum sulcatum in the Northeast indicate that it is a Species
of early successond habitat following agriculturd abandonment or a species that colonizes and
may persst in Stes of other types of human disturbance. Human disturbance patterns may
change over time and not favor plants, such as L. sulcatum, that take advantage of artificidly-
maintained habitat. Some populations of L. sulcatum could easily have been lost to Ste
development. Some higtorical populations of L. sulcatum have undoubtedly been lost to
roads de development, changes in power line management, and generd residentid and
commercia development, where appropriate habitat for L. sulcatum is completdy diminated.

Limited and Fragmented Habitat and Limitations to Seed Dispersal

Thereisasection of limestone-based soils that extends from the Harlem Vdley in
eastern Dutchess County, New Y ork into northwestern Connecticut and southwestern
Massachusetts. Within this areg, there are currently eight New Y ork sitesfor Linum sulcatum
and the two New England Sites. Many of the specimen records are dso associated with this
area. Because the limestone soils are rich and support good agricultura uses such as cornfields
on deeper soils and pasture or hayfields on thinner soils, farming has perssted longer in this part
of the Northeast than in many other areas. Farm abandonment during the past forty years,
combined with an increase in second-home and generd residentid development, have resulted



inincreased fragmentation of the natura landscape. Even if appropriate habitat were available,
the potential for successful seed dispersa to appropriate sites has been reduced over time.

Loss of Processes Maintaining Populations

The two known sites in Connecticut are associated with a quarry and apower line. The
quarry (CT .014 [Brookfield]) is no longer used and has been surrounded by residential and
commercid development. The harshness of the thin alkaine soil and random disturbances are
adl that have successfully maintained Linum habitat over time. The power line right-of-way (CT
.002 [New Milford]) appears to be maintained by manua cutting of the trees and shrubs and
probably by the use of herbicidesto kill woody species. In both cases, management is not
dedicated to the maintenance of Linum sulcatum. Management practices could change a any
time.

Mining

Severd New York siteswith thin soils over limestone have been actively mined, in
severd cases completely diminating hillsand dl naturd habitat. Severd of the New York and
Connecticut Sites with appropriate habitat for Linum sulcatum could be mined.

Competition from I nvasive Species

Invasive species are present at al occupied Linum sulcatum stes in Connecticut and
New York. Thetypica weedy species associated with dry dkaline soils are found in these
aress, including: Centaurea maculosa, Rhamnus cathartica, Rosa multiflora, and Berberis
thunbergii. None of these species gppear to be about to eliminate Linum habitat, but along
period of moist conditions could increase their abundance and reduce habitat for Linum
sulcatum.

DISTRIBUTION AND STATUS

General Status

Linum sulcatum is the most widespread member of its genusin North America
(Rogers 1963). It has been reported to have occurred from Manitoba in the northwest south to
Texas and east to Georgia and New Hampshire (NatureServe 2003). East of the Mississippi,
the only statesin which L. sulcatum var. sulcatum has not been recorded from Maine,
Deaware, South Carolina, and Florida. Linum sulcatum var. harperi occursin FHorida,
Georgia, and Alabama



Linum sulcatum is noted as present in 34 states and three Canadian provinces
(NatureServe Explorer 2003, Table 1). Itislisted as"rare" in seven states and one province
and "SH-Higtoricd only" infive states. It is currently listed as present and not rare in 22 dtates
and two provinces. Except where noted, county distribution information in Table 1 was
obtained from the United States Department of Agriculture Plants Profile Database (USDA,
NRCS 2003). Linum sulcatumis probably $4 or S5in most of these ates, athough thereis
no verification of this. With the exception of Indiang, al the states reporting L. sulcatum asrare
are in the eastern and northeastern part of itsrange. In al states with prairies, L. sulcatum

appearsto be secure.

Table 1. Occurrence and status of Linum sulcatumin the United States and Canada
based on information from Natural Heritage Programs.

occurrences

OCCURS & OCCURS & NOT OCCURRENCE HISTORIC
LISTED (AS S1, LISTED (AS S1, S2, REPORTED OR (LIKELY
S2,0RT &E) ORT& E) UNVERIFIED EXTIRPATED)
Connecticut (S1): 2 Mississippi (S3/$4) Missouri (SR): 65 Massachusetts (SH): 3
extant and 14 historic counties historic occurrences

New York (S2): 8 extant:
12 counties throughout
the state.

Virginia(S3): 7 counties
in the Blue Ridge Region

Florida (SR): 3 counties

Vermont (SH): 3
historic occurrences

counties

New Jersey (S1) Georgia (S3?): 3 counties | Wisconsin (SR): 33 Rhode Island (SH): 1
in the extreme northwest | counties, primarily inthe | historic occurrence
part of the state southern part of the
state
Pennsylvania (S1) Ontario (S3) Oklahoma (SR) New Hampshire (SH): 1
historic occurrence
Maryland (S1) Kentucky ($4): 6 South Dakota (SR): 10 West Virginia (SH): 1

counties

county

North Carolina (S1):
one county.

North Dakota (S4/S5): 15
counties

lowa (SR): 11 counties

Indiana (S2)

Alabama (SR)

Quebec (S1)

Arkansas (SR): 7
counties

Nebraska (SR)

Kansas (SR): 68 counties

Louisiana (SR)

Manitoba (SR)

Tennessee (SR)

Ohio (SR)

Michigan (SR): nine
counties

Minnesota (SR)

Texas (SR)

Illinois (SR): 43 counties
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Figure 1. Occurrencesof Linum sulcatum in North America. States and provinces
shaded in gray have one to five (or an unspecified number of) current occurrences of the taxon.
Areas shaded in black have more than five confirmed occurrences. States with diagona
hatching is designated "higtoric,” where the taxon no longer occurs. States with stippling are
ranked "SR" (status "reported” but without additiona documentation). See Appendix for
explanation of state ranks.
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Status of All New England Occurrences — Current and Historical

Linum sulcatum is currently known from two stesin Connecticut. There are historica
records from 14 additiona townsin Connecticut, three Sitesin Vermont, three Sitesin
Massachusetts, one sitein Rhode Idand, and one sSitein New Hampshire. These current and
higtoricd sitesinclude 23 townsin five staes. Seven of the towns are clustered in the limestone
region of western Connecticut and southeastern Massachusetts. The two Vermont Stesarein
parts of the State that support other calciphiles.



Figure 2. Extant occurrences of Linum sulcatum in New England. Town boundaries for
New England states are shown. Towns shaded in gray have one to five extant occurrences of
the taxon.
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Figure 3. Historical occurrences of sulcatum in New England. Towns shaded in gray
have one to five historicd records of the taxon.
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Table2. New England Occurrence Recordsfor Linum sulcatum. Shaded

occurrences are consider ed extant.

State EO Number County Town
NH .001 Hillsborough Hillsborough
VT No # Bennington Pownal
VT No # Bennington Pownal
VT No # Rutland Rutland
MA No # Middlesex Winchester
MA No # Middlesex Wadtham
MA No # Berkshire Sheffidd

RI .001 Providence Providence
CT New New Haven Ansonia
CT New Tolland Somers
CT New Litchfidd Kent
CT .002 Litchfied New Milford
CT .003 Farfidd Brookfidd
CT .004 Hartford Quffidd
CT .005 Litchfidd Woodbury
CT .006 Litchfidd Sdisbury
CT .007 Farfidd Danbury
CT .008 New Haven Milford
CT .009 Hartford Granby
CT .010 New Haven New Haven
CT 011 New Haven Oxford
CT 012 Hartford Simsbury
CT 013 New Haven Southbury
CT .014 Litchfidd Brookfield
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II. CONSERVATION

CONSERVATION OBJECTIVESFOR THE TAXON IN NEW ENGLAND

The primary conservation objective for Linum sulcatum is to protect thirteen
populationsin New England: five populations in Connecticut and two each in New Hampshire,
Vermont, Massachusetts, and Rhode Idand, dl in naturd habitat and within the historical range
of the species. There are currently two extant populationsin Connecticut and significant
amounts of potential habitat that have not been surveyed. The best opportunity for conservation
of L. sulcatum in New England isfound in Western Connecticut. Thereis potentid, but limited,
habitat remaining in New Hampshire, Vermont, Massachusetts, and Rhode Idand that may
support L. sulcatum. A god of two populations each for these states is set to cgpture multiple
habitats and increase the potentia for long term conservation success.

Each occurrence should be managed to maintain a population of at least 100 plants.
The minimum viable populaion sze for Linum sulcatum in New England is not known. One of
the Connecticut populations has persisted for nearly 90 years and currently supports about 500
plants. Until additiond information on viable population Szesis avaladle, aminimum population
gzefor the 13 Stesis sat at 100 plants at each Site, averaged over 10 Ste-monitoring periods.
Linum sulcatum plants produce fewer seeds than many other annuds; fruits produce a
maximum of 10 seeds per flower. Some smdl plants have only one or afew flowers. The
character of the L. sulcatum seedbank is aso unknown.

Because there are currently only two populations in Connecticut known in New
England, it will be necessary to located new populations, if possible, to achieve the main
conservation objective. If additiond populations of Linum sulcatum are found in other Sates
or in other locations in Connecticut, Massachuseits, Vermont, Rhode Idand, or New
Hampshire, these occurrences should aso be protected and managed if they are found in naturd
aress, and conservation objectives should be revised to reflect a broader geographic range for
the speciesin New England.

Whenever possible, management for Linum sulcatum should be undertaken in the
context of conservation management for the natural community in which it occurs. At both of
the Connecticut Sites, and at the nearby New Y ork stes, L. sulcatum occursin association with
digtinctive communities that are the subject of conservation interest. Numerous other rare
gpecies, including animals, co-occur with L. sulcatum. Management strategies for conservation
gteswith L. sulcatum should balance the habitat needs of dl rare species and the natura
communities they occupy. If new populations are located, management planning should focus
on the retoration of the former natura community. Newly-located populations at disturbed
gtes, such asroadsdes or old fields, should receive less intensive management.
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A second objective isto understand the rarity and conservation needs of Linum
sulcatum better, by conducting site monitoring and population biology studies. It is unknown
what defines the northern limit of L. sulcatum. It appearsthat adl stesthat currently support L.
sulcatum have highly dkaine soils and are open and sunny. The natura bedrock geology of
the Northeast conssts of discontinuous bands of dkaine materid that trends generdly north-
south. Extending eastward from Northwestern Connecticut, there are few akaline bedrock
exposures, except for trgprock stes in the Centra Connecticut River Valey (Moorhead,
persond communication). Similarly, to the north, there are discontinuities in akaine soilsin
Columbia County, New Y ork and in Berkshire County, Massachusetts. Alkaline bedrock
gppears again to the north in the southwestern part of Vermont, extending northward along the
western dopes of the Green Mountains. These Vermont areas include three historical
collections and have more severe winters than other sites that support L. sulcatum in the Ead.
It ispossiblethat L. sulcatum is nearing its northern dlimatic limit in Vermont where it has
occurred in the past, perhaps as awaif unable to persst over time. Research should be
conducted to determine whether the rarity of L. sulcatum might be related to reproductive
falure such asalack of pollinators, poor seed set, or self-incompatibility. It isquite possble
that therarity of L. sulcatum can be attributed to limited available habitat and habitat
fragmentation, preventing the naturd colonization of new dtes.

A third conservation objective is to establish an ex situ seedbank to preserve the
genome of Linum sulcatum in New England. If al natural populations are lost, seeds will be
needed to supply materid for future studies and reintroduction efforts, if caled for in future
iterations of this plan. Seed from New England populations has not been collected and stored
for long-term use. With only two currently known populationsin New England, it is desrable to
retain New England seed in an ex situ seedbank.
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V. APPENDICES

1. An Explanation of Conservation Ranks Used by The Nature Conservancy and
NatureServe



1. An explanation of conservation ranks used by The Nature Conservancy and
NatureServe

The conservation rank of an element known or assumed to exist within ajurisdiction is designated
by awhole number from 1 to 5, preceded by aG (Global), N (National), or S (Subnational) as appropriate. The
numbers have the following meaning:

1 =critically imperiled

2 = imperiled

3 = vulnerableto extirpation or extinction

4 = gpparently secure

5 = demonstrably widespread, abundant, and secure.

G1, for example, indicates critical imperilment on arange-wide basis -- that is, agreat risk of extinction. S1
indicates critical imperilment within a particular state, province, or other subnational jurisdiction --i.e., a
great risk of extirpation of the element from that subnation, regardless of its status el sewhere. Species
known in an areaonly from historical records are ranked as either H (possibly extirpated/possibly extinct) or
X (presumed extirpated/presumed extinct). Certain other codes, rank variants, and qualifiers are also allowed
in order to add information about the element or indicate uncertainty.

Elements that areimperiled or vulnerable everywhere they occur will have aglobal rank of G1, G2, or G3 and
equally high or higher national and subnational ranks (the lower the number, the "higher" the rank, and
therefore the conservation priority). On the other hand, it is possible for an element to be rarer or more
vulnerable in agiven nation or subnation than it is range-wide. In that case, it might be ranked N1, N2, or N3,
or S1, S2, or S3 even though its global rank is G4 or G5. The three levels of the ranking system give amore
complete picture of the conservation status of a species or community than either arange-wide or local rank
by itself. They also make it easier to set appropriate conservation prioritiesin different places and at
different geographic levels. In an effort to balance global and local conservation concerns, global aswell as
national and subnational (provincial or state) ranks are used to select the elements that should receive
priority for research and conservation in ajurisdiction.

Use of standard ranking criteria and definitions makes Natural Heritage ranks comparable across element
groups, thus, G1 has the same basic meaning whether applied to a salamander, amoss, or aforest
community. Standardization also makes ranks comparable across jurisdictions, which in turn allows
scientists to use the national and subnational ranks assigned by local data centersto determine and refine
or reaffirm global ranks.

Ranking isaqualitative process: it takesinto account several factors, including total number, range, and
condition of element occurrences, population size, range extent and area of occupancy, short- and long-term
trendsin the foregoing factors, threats, environmental specificity, and fragility. These factorsfunction as
guidelines rather than arithmetic rules, and the relative weight given to the factors may differ among taxa. In
some states, the taxon may receive arank of SR (where the element is reported but has not yet been
reviewed locally) or SRF (where afalse, erroneous report exists and persistsin the literature). A rank of S?
denotes an uncertain or inexact numeric rank for the taxon at the state level.

Within states, individual occurrences of ataxon are sometimes assigned element occurrence ranks.
Element occurrence (EO) ranks, which are an average of four separate evaluations of quality (size and
productivity), condition, viability, and defensibility, areincluded in site descriptions to provide a general
indication of site quality. Ranksrangefrom: A (excellent) to D (poor); arank of E is provided for element
occurrences that are extant, but for which information isinadequate to provide a qualitative score. An EO
rank of H isprovided for sites for which no observations have made for more than 20 years. An X rank is
utilized for sitesthat are known to be extirpated. Not all EOs have received such ranksin all states, and
ranks are not necessarily consistent among states as yet.
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