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SUMMARY

Northern stickseed (Hackelia deflexa var. americana) isawiddy distributed annud
or biennid of the Borage family (Boraginacese) restricted to dry, open, calcareous habitats.
Naturd communities supporting this species share ardatively high frequency of naturd
disturbance events, such as downdope movement of rocky substrate (in cobble-strewn
woodlands) and bedrock erasion (on calcareous cliffs and bluffs). While Hackelia deflexais
circumboredl, the plants considered here (var. americana) occur in the northern portion of
North America. The plant is uncommon at the southern limit of its rangein New England,
having been documented at three stationsin Maine, onein New Hampshire, and 19 in Vermont.
Feld surveysin 2000 led to discovery of two new Maine occurrences, and confirmed only 50%
(6 of 12) of visted Vermont stations. Despite the new records for Maine, the species seemsto
be declining in New England, primarily due to habitat loss in the populous Champlain Vdley of
western Vermont.

The primary conservation objective for this taxon in New England isto maintain at least
15 stable populations. Idedly, the Maine and New Hampshire stations would be included in
this number in order to capture the full longitudind range of the plant in New England. Other
conservation objectives are to continue protection of the plant on three public properties where
it occurs, survey dl stations not visited in 2000, reduce threats to populations on private lands
through communication with landowners, and to study demographics and ecology of the
Species.



PREFACE

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

The New England Plant Conservation Program (NEPCoP) is a voluntary 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 ligted the plantsin
need of conservation in the region. NEPCoP 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 individuas and federd, sate, locd, and
private conservation organizations.

NEPCoP Conservation Plans do not necessarily represent the officid position or approvd of al
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 pecies satus, 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 Natura Heritage
Programs. NEPCoP gratefully acknowledges the permission and cooperation of many private
and public landowners who granted accessto their land for plant monitoring and data collection.

This document should be cited as follows:

Richardson, L. L. and E. H. Thompson 2002. Hackelia deflexa var. americana (Northern
Stickseed) Conservation Plan. New England Plant Conservation Program, Framingham,
Massachusetts, U. S. A..

© 2002 New England Wild Flower Society



|. BACKGROUND

INTRODUCTION

Northern stickseed (Hackelia deflexa var. americana (A. Gray) Fern. & I. M.
Johnston) is an herbaceous annua or biennia found in sunny areas on soils derived from
ca careous bedrock, including rocky woodlands and temperate ca careous bluffs and cliffs.
Northern stickseed habitat is characterized by moderate to high levels of naturd disturbance,
which includes processes such as dliff weethering, downdope movement of boulders and
cobble, and windthrow.

During its firgt growing season, northern stickseed perssts as an inconspicuous rosette
of leaves. Plants may be exposed to full sun at the start of the growing season, but are shaded
by canopy trees and understory herbaceous growth by late summer. Inits second season (or at
the end of the first, in annua populations), the plant produces few or no basal leaves, but sends
up aleafy gem. In June and early July, helicoid cymes bearing many smdll, blue or white
flowers are produced. The pollination biology of northern stickseed has not been studied, but
plants observed in 2000 had a high degree of fruiting success. Each fruit is composed of four
piny nutlets smilar to those produced by other members of the Boraginaceae. The plant is
adapted to passive dispersd by animals, as the spines readily cling to fur and hair. These spines
are ussful charactersin distinguishing northern stickseed from the closdly related and sympatric
Virginiagtickseed (Hackelia virginiana (L.) I. M. Johnston). Other aspects of the plant’s
ecology, such asitsinteractions with herbivores, have not been studied.

Hackelia deflexais circumboredl, occurring in northern regions throughout the world.
The variety considered here (var. americana) iswidespread in northern North America,
occurring from the Gaspé peninsulaand Maine west to British Columbia and Washington State,
and as far South as southern Vermont, lowa, and Colorado (Jenkins 1981, Maine Critica
Areas Program 1981, Gleason and Cronquist 1991, Magee and Ahles 1999, NatureServe
2000, Wisconsin State Herbarium 2000). It hasthe rank of S1in Maine and New Hampshire,
and S2S3in Vermont, and is a state- and province-listed rare species in some of the other
places it occurs (see Table 1). Northern stickseed populations experience avariety of threets,
including logging, resdentia development, recregtiond activities, limestone quarrying, secondary
succession, and herbivory.

Theintent of this Conservation Plan isto summarize existing information on the status of
northern stickseed in New England, and to recommend actions to protect and restore the
speciesin an areathat represents the southeastern edge of its historic range.



DESCRIPTION

Northern stickseed is a dender herbaceous annua or biennia of open, rocky woods,
bluffs, and cliffsin cdcareous regions (Ferndd 1950, Gentry and Carr 1976, Gleason and
Cronquist 1991, Voss 1996). It is more phenotypically plastic than most other species of
Hackelia, occasondly varying greetly in Sze of leaves, gems, flowers, and fruit (Gentry and
Carr 1976). Fird-year plants are inconspicuous rosettes of basa leaves. Flowering plants
produce aleafy stem 10-90 cmin height. The dternate, sparsely toothed leaves are lanceolate
to dliptic, with the base tapered to the petiole. Leaves are largest near the base of the stem,
and grade into bracts of the inflorescence above. Vegetative parts are rough-hairy throughout
(Gentry and Carr 1976, Gleason and Cronquist 1991). The inflorescence is a helicoid cyme,
and an individud plant produces 200-750 flowers on savera to many cymes (L. Richardson,
personal observation). The small, perfect flowers (2-3 mm wide) are borne on short, ascendant
pedicels that recurve downward in fruit. The cayx lobes are hairy and unfused. The corollais
sdverform, itsfive blue or white petdsfused. The throat of the corollatube is partidly
obstructed by tiny, hairy appendages, or fornices. Stamens and style are included in the corolla
Like many members of the Boraginaceae, northern stickseed may have a nectar-secreting disk
at the base of the ovary (Zomlefer 1994). Thefruit is a schizocarp composed of four mericarps
or “nutlets” These nutlets are attached basally to areceptacle, and apicaly to each other. The
inner faces of the nutlets are smooth. The sharp edges of the nutlets are armed with recurved
spines, but their dorsal faces (the broad area facing out) are unarmed, or have only afew
pines. The usudly smooth dorsd faces of the nutlets of this species distinguish it from the
amilar Virginia stickseed (Hackelia virginiana), as discussed below.

TAXONOMIC RELATIONSHIPS, HISTORY, AND SYNONYMY

There are 45 species of Hackelia distributed across North and South Americaand
Eurasia (Gentry and Carr 1976, Mabberley 1987). Most species are found in north-temperate
areas, and the center of diversity for the genusis Western North America (Gleason 1952,
Gentry and Carr 1976). The genus Hackelia was historically trested as adivison of Lappula
(Gentry and Carr 1976). Often reported as circumbored (e.g., Gentry and Carr 1976),
Hackelia deflexa occurs in northern and upland temperate locations throughout the world. In
the Old World it has been collected as far south as Spain (Polunin and Smythies 1973) and
western Pakistan (Stewart 1972).

Hackelia deflexa var. americana was firgt recognized by Fernald and Johnston
(1924), and, asthe genusis presently understood, it is the only variety to occur in North
America. However, because its taxonomy is complex, and because specimens of Hackelia are
often misdentified (Gentry and Carr 1976), our understanding of the distribution of this species
may changein the future. This North American variety occurs from New Brunswick (Fernadd
1950) west through Québec (Rousseau 1974), Ontario (Soper et a. 1989), Manitoba, Alberta



(Moss 1983), and British Columbia (Porsild and Cody 1980), and as far south as Maine
(Campbell and Eastman 1980, Maine Critica Areas Program 1981), Vermont (Dole et al.
1937, Jenkins 1981), New Y ork (Mitchell 1986), Michigan (Voss 1996; E. Schools, Michigan
Natura Features Inventory, persona communication), Wisconsin (Wisconsn State Herbarium
2000), Minnesota (K. Cieminski, Ecologist, personal communication), lowa, Kansas (Fernad
1950), Colorado (Gleason and Cronquist 1991), and the Pacific Northwest (Gleason 1952,
Hitchcock and Cronquist 1973, Gentry and Carr 1976). It seemsto be absent from Alaska

Synonyms for Hackelia deflexa var. americana indude Echinosper mum deflexum
var. americanum, Lappula deflexa, L. deflexa subsp. americana, L. deflexa var.
americana, L. americana, Hackelia americana, and Rochelia deflexa.

Northern stickseed closaly resembles Virginia stickseed (Hackelia virginiana), with
which it is sympetric in New England. Although the latter is usudly taler with larger leaves, the
two species may not be reliably distinguished unless flowers or fruits are present. The flowers
of northern stickseed have dightly larger pedicdl, calyx, corolla, and anther dimensions than
those of Virginia stickseed (Gentry and Carr 1976). The dorsal faces of nutlets of northern
stickseed are glabrous, or rardly have 2-12 prickles, while those of Virginia stickseed always
have 15-25 prickles (Gentry and Carr 1976, Gleason and Cronquist 1991). In New England,
northern stickseed is usudly restricted to rocky, open sites whose soils are influenced by
limestone bedrock, while Virginia stickseed isfound in avariety of wooded Stuations (L.
Richardson, persona observation). Thereis, therefore, some overlap in habitat preferences
between the two species.

Northern stickseed could aso be confused with bristly stickseed (Lappula squarrosa),
an exotic plant rarely encountered in New England (B. Popp, Vermont Nongame and Natura
Heritage Program, persona communication). Although the two have asmilar overal
gppearance, anumber of characters serve to distinguish them. Bristly stickseed has aleafy
bract associated with each flower of the inflorescence, while northern stickseed has only afew
bractsin the lower portion of the inflorescence. The fruits of northern stickseed are deflexed or
drooping, while those of bristly stickseed remain erect. Northern stickseed nutlets are attached
to the gynobase by a broad media areola or pad, while those of bristly stickseed are attached
by along, narrow ventra ked (Gentry and Carr 1976).

SPECIES BIOLOGY

Northern stickseed life history is not well understood. Most authors (e.g., Gleason and
Cronquist 1991) consider it abiennid, but Gentry and Carr (1976) describe as either annua or
biennid. No rigorous studies examining this aspect of the plant’ s life history have been
published. InVermont, individua plants probably live at least two growing seasons—smdl
vegetative rosettes of leaves are sometimes found near flowering and fruiting individuas (L.
Richardson, persond observation); It should be noted, however, that vegetative individuds are



difficult to distinguish from those of Virginia stickseed or other members of the Boraginecese).
Gentry and Carr (1976) report that many species of Hackelia have taproots that readily split
into longitudina cords when buried by shifting talus and rocks, which dlows the genetic
individud to persst as two or more separate plants (thistrait has not been confirmed for
northern stickseed; see discussion below). This observation obscures the question of how long
individuas live, and how timing of fruiting and senescence are related to plant age. We do
know that northern stickseed dies after flowering and fruiting (L. Richardson, persond
observation).

Flowering is usudly in June and July, but an andysis of herbarium specimens shows that
flowering times vary greetly, perhapsin response to genetic or year-to-year westher differences.
Asin other members of the Boraginaceae, pallination is probably accomplished by small insects
that vigit the flowers in search of nectar (Zomlefer 1994). Mogt flowers observed in 2000
matured 2-4 of 4 possible seeds, and an individud plant produced approximately 1,000-1,500
(and as many as 2,200) seeds when it flowered (L. Richardson, persona observation). It isnot
known whether the plants saf-pollinate (It should be noted, however, that many plant species
that disperse great distancesto small patches of habitat are capable of saf-pollination).
Northern stickseed may flower dongside Virginiastickseed (L. Richardson, persond
observation). There are no reports of hybridizing between the two species, but Gentry and
Carr (1976) considered them to be closdly related.

Seed digpersd, dormancy, and timing of germination have not been formaly studied.
Newly-formed seeds readily disperse as the plant senescesin late summer, but many seeds dso
persst on the dead stems until the following growing season (L. Richardson, persond
observation). New England Wild Flower Society staff who propagated northern stickseed
found that the seed germinated best after severd months of cold trestment (Chris Mattrick,
New England Wild Flower Society, persond communication). As discussed above, in some
cases fird-year rosettes are found at the bases of the previous year’ s dead stems, suggesting
that seeds may fdl to the ground and germinate at the base of their parent plant. The hooked
spines of the nutlets are interpreted as adaptations for animal-mediated dispersal (van der Aijl
1969, Gentry and Carr 1976, Bullock and Primack 1977), but precisely how often this occurs
is not known.

Northern stickseed is attacked by severa herbivores. At VT .019 (Milton), two
species of Lepidopteralarvae keletonized plant leavesin 2000. An Hemipteran nymph was
found waking on one individud, and likely fed there. A sngle mass of white insect eggs
encrusted leaves of the same plant. It is not known whether these represent opportunistic or
specidized relationships with herbivores. At VT .004 (South Hero), alarge population of
white-talled deer had browsed nearly al herbaceous understory plants, and may eat northern
stickseed, if it till occurs there.

Life history attributes of northern stickseed must be more thoroughly understood if we
are to secure long-term protection for the species in New England.



HABITAT/ECOLOGY

Nearly dl extant populations of the plant in New England are found & low éevaionin
sunny, dry open spots at the base of cliffs, on ledges, or on talus and cobble in open woods.
Soils are usudly very shalow, and enriched by cacareous bedrock. Unusua occurrences
include a gtation in the dark understory of a northern white cedar forest (VT .003 [Charlotte]),
and aroadside collection now considered historic (VT .007 [Derby]). In other parts of its
range northern stickseed is reported from thickets, clearings, banks, dunes, moist woods,
roadsides, and ditches, at eevations ranging from 300 to 5000 feet (100 to 1500 m; Fernald
1950, Gleason 1952, Hitchcock and Cronquist 1973, Rousseau 1974, Porsild and Cody 1980,
Moss 1983).

New England sites supporting this species have areatively high frequency of natura
disturbance events, such as downdope movement of rocky substrate (in cobble-strewn
woodlands) and bedrock erosion (on calcareous dliffs and bluffs), but floras referencing
northern stickseed seldom mention the role of disturbance in crestion of its habitat. In our area
northern stickseed is found in the following natural community types: Rich Northern Hardwood
Forest, Northern Hardwood Taus Woodland, Limestone Bluff Cedar-Pine Forest, Mesic
Maple-Ash-Hickory-Oak Forest, Northern White Cedar Forest, Temperate Cal careous
Qutcrop, and Temperate Cdcareous Cliff (Vermont Nongame and Natural Heritage Program
Biological Conservation Database 2000, Thompson and Sorenson 2000, L. Richardson,
persond observation). While fire may play arole in sructuring some of these communities; it is
not known whether it has had an effect on northern stickseed distribution.

Gentry and Carr (1976) studied cytology of 21 species of Hackelia, and report that all
are a@ther diploid (2n=24) or tetraploid (2n=48). This distinction has important bearing on
severd aspects of the plants' ecology. Some of the western diploid taxa (e.g., pink stickseed
(H. mundula), Sierran stickseed (H. nervosa), and velvet stickseed (H. velutina)) have large,
complex perennating buds composed of numerous leaf primordia, while the tetrgploids tend to
have smple buds with very few leaf primordia Diploid taxa tend to grow on stabilized
substrates such as leve forest understory and sage brush flats, while most tetrgploid species
occupy more dynamic habitats, such asrock dides, talus, banks, and cliffs. The tendency of
taproots to divide during subgtrate disturbance eventsiis largely confined to the tetraploid
gpecies. Also, most tetraploids require moderate to strongly alkaine soils, while diploids have
broader habitat preferences. Unfortunately, these workers did not study the cytology of
northern stickseed, but they report that its closest relative, Virginia stickseed, isdiploid. Itis
thus most parsmonious to conclude that northern stickseed isadiploid. Like the tetraploids,
however, northern stickseed occurs dmost exclusively in dynamic, highly calcareous habitats.
An examination of the cytology and evolutionary relationships of northern stickseed might help
us understand its rarity and didtribution.



Northern stickseed may exhibit a metapopulation structure in New England and in other
parts of itsrange. A metapopulation is essentialy a population composed of subpopulations, or
a species range composed of more or less geographically isolated populations connected
through rare or occasiond gene flow events. Subpopulations are often smal and geneticaly
isolated from each other, making them relatively more susceptible to the vagaries of genetic,
demographic, and environmenta stochadticity (Giles and Goudet 1997). Although this concept
has more often been goplied to animals, it is common in plants that disperse ther pollen and
seeds over long distances, and experience frequent loca extinction and recolonization events
(Given 1994). This pattern of smal-scae subpopulation extinction events within the context of
aglobaly stable population is common in many plant species that have been described as
metapopulations (e.g., Giles and Goudet 1997; Vaverde and Slvertown 1997).

Subpopulations within a metgpopul ation experience “founder effects” when one or a
few individuals disperse to new patches of habitat (Barrett and Kohn 1991, McCauley et al.
1995). With relatively low genetic diversity and smal number of reproducing individuds these
populations are susceptible to extinction through genetic factors such as inbreeding depression
and genetic drift (Shaffer 1987, Fisher and Matties 1997), demographic factors such as highly
skewed sex ratios (Shaffer 1987), unpredictable or absent ecologica interactions with
pollinators and other mutudists (Mustgarvik et a. 2001), and catastrophic environmental
disturbance events (Shaffer 1987). A subpopulation may occasiondly be enriched (and may be
made more resgtant to extinction) by gene flow in the form of pollen, seeds, or vegetative
propagules from other populations.

Much effort has been devoted to determining minimum viable popuation size (MVP)—
the samdlest number of individuas necessary for long term persstence in the face of the genetic,
demographic, and ecologica complications discussed above. Estimates vary widely, and most
authors acknowledge that the MV P will vary from speciesto species. Minimum viable
population size estimates for plants range from 50-500 for genetic factors, 50-100 or more for
demographic factors, and 1,000 to 1,000,000 or more for environmentd factors (Shaffer
1987, Menges 1991, Given 1994).

While the New England occurrences of northern stickseed exhibit some of the
characterigtics of a metapopulation, this study has by no means determined that such a
demographic exigts. And from a conservation perspective, one would not want to argue that
any of the New England occurrences were dispensable as temporary subpopulations, especidly
because the plant may be in decline a the regiond (i.e., metapopulation) level. Despite these
cavedts, it would be very ingructive for us to study northern stickseed from the perspective of
metapopulation science. In particular, understanding the degree of genetic differentiation among
the occurrences, and rates and modes of gene flow between them would help us to conserve
northern stickseed in New England.



THREATSTO TAXON

In abroad sense, northern stickseed is threatened by habitat destruction. Most of the
occurrencesin New England are in the increasingly densdy populated Champlain Vdley of
Vermont. Northern stickseed occurs on some of the most desirable property in the area --
ca careous lakeshore bluffs dong Lake Champlain -- and it is thus vulnerable to residentia
development. Below, we discuss severd modes of habitat destruction that are endangering the
taxon in New England. We dso discuss aless obvious, though no less significant, threet to the
taxon -- locd extinction due to smdl population size and the likely low rate of gene flow
between many of the populations.

Lakeshore and Residential Development

Fourteen of 16 stations recently visited in Vermont are privately owned. Many of these
are prestigious lakeshore residentia properties managed primarily to maintain privacy, scenic
beauty, and recreationa opportunities. At sites visited in 2000, land management activities
included clearing of understory vegetation, depositing of yard wastes in northern stickseed
habitat, selective timber harves, trail maintenance, and bluff modification for beach access. One
gation had been extensvely modified by subdivision and congtruction of a neighborhood of
gngle-family homes. In most cases, owners are probably not aware of the northern stickseed
populations on their properties, and will therefore not take measures to protect it.

Secondary Succession

The two most important habitat requirements of Northern stickseed are aridity and
cacium-rich bedrock (Rousseau 1974; Gentry and Carr 1976; Jenkins 1981; Gleason and
Cronquist 1991; Voss 1996), but it so requires ahigh level of light exposure (Gentry and Carr
1976; Jenkins 1981; Zika 1983). All but one (VT .003 [Charlotte]) of the known New
England populations of this plant occur in open, sunny places, such as diffs, bluffs, and forests
with sparse canopies. Where northern stickseed occurs in open forests (eg., VT .009
[Shelburne]) or on small rock outcrops surrounded by forest (e.g., VT .010 [Shelburne] and
VT .019 [Milton]), it may be vulnerable to extirpation through secondary successon. Asthese
forests mature, their understory becomes increasingly shaded, and individua populations of the
plant could go extinct. In the mature presettlement forest, however, northern stickseed
populations probably established on suitable subsirate in tree fal gaps, then “jumped” to new
patches of open habitat over time as the forest canopy closed. In fact, this pattern of plant
digtribution is common in species that exhibit a metgpopulation structure (Cain et d. 2000; and
see discusson above). Thus, in large tracts of intact forest -- which may contain many small
patches of calcareous cliff, outcrop, and rocky cobble substrate -- microdite extinction of
northern stickseed due to secondary succession would not lead to regiona extinction.
Unfortunately, many of the known New England occurrences of this plant are in very smal



patches of forest surrounded by expanses of human settlement and agriculturd land; these plants
may not be able to colonize new patches of habitat before shading destroys the habitat patch
they currently occupy.

| nvasive Species

Invasive understory shrubs such as buckthorn (Rhamnus cathartica) and honeysuckle
(Lonicera morrowii, L. tartarica) sometimes accompany secondary succession in New
England forests, and these may rob herbaceous plants of light. Northern stickseed generaly
occurs in open, well-lit areas, and might not be able to persst under adense shrub layer. In
particular, these invasive plants appear to pose athreat to northern stickseed at VT .003
(Charlotte), VT .004 (South Hero), and VT .016 (Georgia Plains). Mullein (Verbascum
thapsus), an herbaceous biennial weed, was common at ME .003 (West Paris) in 2000. It is
not known whether this affected the northern stickseed population.

Logging and Woodlot Management

While northern stickseed requires some degree of disturbance, large-scale mechanized
tree harvest is probably a cause of decline for the species. On the other hand, some modes of
tree harvest may benefit the species, if they mimic the naturd disturbances that favor the plant.
The effects of different logging practices on northern stickseed need further investigation before
generdized conclusions can be drawn. Seven of eight privately-owned stations visited in 2000
showed evidence of recent logging or tree remova. (One Sation visited in 2000, VT .011
[Milton], had recently been clear-cut, apparently leaving little or no northern stickseed habitat.)

Limestone Quarrying

One gaion (VT .010 [Shelburne]) is owned by alarge limestone mining corporation.
The mine currently sits 1000 meters from the ledges where northern stickseed grows, and does
not directly thresten the population. Mining activities will likely encroach on this area as more
rock is needed in the future, however. The ownerslog the surrounding forest at present.

Herbivory

A large population of white-tailled deer has severely browsed herbaceous understory
plants on one idand station (VT .004 [South Hero]). Where northern stickseed is accessible it
may be eaten by these animds, wild comfrey (Cynoglossum boreale), arelated species, is
browsed by deer at this station (B. Popp, persona communication) and at onein New
Hampshire (B. Engstrom, persond communication). A variety of insect herbivores (described



above) were observed on plants at another site (VT .019 [Milton]). It isnot known if insect
herbivory affects northern stickseed reproductive success or other aspects of life history.

Mass Wasting of Cliffs

As described above, many northern stickseed populations occur at Sites characterized
by active erosion of dliffsand bluffs. Thisform of natura disturbance crestes new habitat for
northern stickseed, but, at its extreme, could aso cause local extinction of the plant. Assome
populations are small and restricted to just afew square feet of areaon cliffs (e.g., see
descriptions of VT .010 [Shelburne], VT .019 [Milton]), they could be destroyed by such mass
wadting of cliffs. Thishas not been documented for northern stickseed, but it should be
consdered apotentia cause of loca extinction where the plant occurs on or a the base of dliffs.

Population Ecology

Northern stickseed may be vulnerable to local extinction via processes associated with
metapopulation demography (see discusson above). In particular, the smal number of
individuas observed flowering and fruiting at most sites (usualy fewer than 50) suggests that
individua populations could suffer from genetic impoverishment, random demographic skew, or
catastrophic disturbance events. These processes could be intensified by fragmentation of the
matrix forest in which northern stickseed habitat occurs, or impacts to individud plants by deer,
heavy use of trails, etc.

DISTRIBUTION AND STATUS

General Status

As noted above, Hackelia deflexa is awide-ranging species found in the north-
temperate regions of the world. Our plants (var. americana) occur across much of Canada
and as far south as Maine, Vermont, Michigan, Wisconsin, Minnesota, lowa, Colorado, and the
Pecific Northwest (see citations above). The plant is considered uncommon in dl of its North
American range, except in Ontario and Manitoba (see Table 1). It has been collected from a
least 22 gations in northern New England, most of these in the Champlain Valey of Vermont
(Tablel). Becauseitisat the southern edge of its distributional range in New England, northern
dickseed islisted as “regiondly rare’ (Divison 2) in the New England Wildflower Society’s
Flora Conservanda (Brumback and Mehrhoff et . 1996). Most current populations are small
(5-100 individuas) and separated from each other by open, anthropogenic landscapes. Asthe
soeciesisfarly cryptic, and difficult to identify unlessin flower and fruit, additiond unknown
populations may exist where habitat is suitable. The United States and New England



digtributions of northern stickseed are presented in Figures 1 and 2. The current state and
provincia ranks of Hackelia deflexa var. americana are givenin Table 1.

Status of All New England Occurrences-Current and Historic

Fourteen of the 23 known New England stations for northern stickseed were visted in
2000 (note that two of the three stesin Maine were visited by Don Cameron of the Maine
Natura Areas Program). The plant was located at eight of these 14 Stes. Table 2 describes
the extant and historic northern stickseed stations, or Element Occurrences (EOs). The sites
are also described below in narrative form. Each gtation is described by the EO number
assigned to it by state Natural Heritage Programs and the name of the town in which it occurs.
Each was previoudy given an EO rank by Naturd Heritage saff, a qualitative gpproximation of
the quality of an occurrence (afunction of number of individuas, population vigbility, area of
habitat, successional status, etc.) and the degree to which it isthreatened. Ranks range from
“A” to“D”, wherearank of “A” indicates a high qudity EO that islittle threatened, and “D”
describes an EO that is of poor quality and threatened. A rank of “E” is given to occurrences
about which exigting informetion is insufficient to provide aquditative score. An“H” indicatesa
Ste where no observations have been made for more than 25 years, and “X” indicates asite
known to be extirpated. For extant Sites that were not visited, the points are those mapped in
the Vermont Nongame and Natural Heritage Program’ s Biologica Conservation Database.
Coordinates are not available for New Hampshire and Maine Occurrences.
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Table 1. Occurrence and status of Hackelia deflexa var. americana in the United
States and Canada based on information from Natural Heritage Programsand

Natureserve (2000).

OCCURS& LISTED OCCURS & NOT OCCURRENCE HISTORIC

(ASS1,S2,0RT LISTED REPORTED OR (LIKELY
& E) (ASS1, S2,0RT & UNVERIFIED EXTIRPATED)

E)

Illinois (S1) Wyoming (S3) Colorado (SR) Ohio (SX)

Maine (S1): 3 EOs Alberta (S3) Idaho (SR)

New Hampshire (S1): 1 EO | Manitoba (S5) lowa (SR)

New York (S1) Ontario (S5) Kansas (SU)

Vermont (S2S3): 19 EOs

Michigan (SR): (S4S5;
E. Schools, personal
communication)

New Brunswick (S1)

Minnesota (SR): S4S5;
46+ EOs; K. Cieminski,
personal
communication)

Montana (SR)

Nebraska (SR)

North Dakota (SR)

South Dakota (SR)

Utah (SRF)

Washington (SR)

Wisconsin (SR)

British Columbia (SR)

District of Mackenzie
(Northwest Territories)
(SR)

Quebec (SR)

Saskatchewan (S?)
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Figure 1. Occurrences of Hackelia deflexa var. americana 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.
The state with diagond hatching (Ohio) is designated "presumed extirpated,” where the taxon no
longer occurs. States and provinces with stippling are ranked "SR" (datus "reported” but not
necessarily verified). See Appendix for explanation of state ranks.



Figure 2. Extant occurrences of Hackelia deflexa var. americana in New England.
Town boundaries for northern New England states are shown. Towns shaded in gray have one
to five confirmed, current occurrences of the taxon.
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Figure 3. Historic occurrences of Hackelia deflexa var. americana in New England.
Towns shaded in gray have one to five historic records of the taxon.
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CURRENT CONSERVATION MEASURESIN NEW ENGLAND

Northern stickseed is a state-listed endangered species (S1) in Maine (Maine Revised
Statutes Annotated 5 MSRA C, 383. sub C 11, articles 1-A) and New Hampshire (State Law
RSA 217-A:3, 111). In Maine, an endangered speciesis one that isin danger of extirpation
throughout al or aggnificant part of itsrange in the Sate, or one dready designated by the
federa Endangered Species Act. In New Hampshire, a plant speciesislegdly endangered if
three or fewer occurrences have been documented in the Sate in the last 50 years, or, if more
than three occurrences are known, if specidids believe it is especidly vulnerable to extirpation.
In Vermont, it is Sate-listed as threatened (Vermont Endangered SpeciesLaw 10 V.SA.
Chapter 123) and tracked as S2S3 by the Nongame and Natural Heritage Program. Species
consdered threatened in Vermont are those that appear likely to become endangered in the
near future, aswell as those federaly listed as threatened (Brumback and Mehrhoff et a. 1996).

Northern stickseed occurrences are protected at three publicly owned stesin Vermont
(VT .009 [Shelburne], VT .015 [Charlotte], and VT .019 [Milton]). Populations of the plant
were located at dl of these Sitesin 2000. While natura processes will likely be dlowed to
perss at the Stes, none of them are explicitly managed to protect or restore populations of
northern stickseed. This management may be necessary if the small observed populations are to

persist.

Northern stickseed has been propagated at New England Wild Flower’s Garden in the
Woods since 1992 (C. Mattrick, persona communication). A collection of 242 seeds from
three parent plants was made by Bill Brumback on July 7, 1992 & VT .002. A portion of these
seeds was placed in afreezer at —20 degrees Centigrade for long-term storage. Other seeds
were placed in agermination trid after over-wintering under the following four experimentd
conditions: 1) fresh seed stored in warm sand, 2) fresh seed stored in refrigerated sand, 3)
oven-dried seed stored in warm sand, and 4) oven-dried seed stored in refrigerated stand.
Refrigerated seed had the highest germination rate, regardless of whether the seed was dried
before sowing. Plants were grown to maturity in the Rare Plant Garden in 1995 and 1999, and
seeds were collected from these plants. The seed collection now numbers at least 600.

Wefound little evidence of Hackelia-minded conservation initiatives on private lands,

athough severd landowners expressed interest in preserving the plant (see Site descriptions,
above).
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Table2. New England Occurrence Recordsfor Hackelia deflexa var. americana. Shaded
occur rences ar e consider ed extant.

State EO# County Town
ME .001 Oxford Greenwood
ME .002 Oxford Greenwood
ME .003 Oxford West Paris
NH .001 Coos Second College Grant
VT .001 Rutland Benson
VT .002 Rutland West Haven
VT .003 Chittenden Charlotte
VT .004 Grand Ide South Hero
VT .005 Addison Salishury
VT .006 Orange Fairlee
VT .007 Orleans Derby
VT .008 Windsor Woodstock
VT .009 Chittenden Shdburne
VT .010 Chittenden Shdburne
VT 011 Chittenden Milton
VT .012 Chittenden Charlotte
VT .013 Chittenden Charlotte
VT .014 Chittenden Charlotte
VT .015 Chittenden Charlotte
VT .016 Franklin Georgia Plains
VT 017 Franklin Georgia
VT .018 Franklin Georgia
VT .019 Chittenden Milton
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1. CONSERVATION

\CONSERVATION OBJECTIVESFOR TAXON IN NEW ENGLAND

Northern stickseed is threatened in New England, presently occurring a as few as eight
(and possibly at as many as 17) of its 23 known gtations. Severd populations not found in
2000 are presumed to have disgppeared in the last ten years. At some of the stations confirmed
in 2000, the population is threstened by development, mining, or woodlot management. Low
genetic diversty and inbreeding depression may aso be threats to northern stickseed: with small
populations (less than 100 individuals at al sations) scattered widely across an anthropogenic
landscape, gene flow between populations via pollen and seeds is expected to be minimd. If
this plant isto persst in New England at its present level of abundance, we believe that
conservation actions must be taken.

The primary conservation objective for thistaxon in New England is to secure
long-term persistence for no fewer than 15 stations, including representatives from
across its geographic range from Vermont to Maine.

Because it is not known how many occurrences of this plant should be protected in
order to ensure long-term persistence in New England, we have chosen an arbitrary target of
15, which probably represents most or dl of the extant populations (i.e., those confirmed by this
study, as well asthose not yet confirmed). We suggest protection of stations across the range
of the plant in New England because, in the absence of detailed population and genetic
information for this species, we fed thisisthis gpproach will conserve the highest leve of genetic
diversty and local adaptation possible. If 15 gations are to receive long term protection,
workers obvioudy need to confirm at least seven more (and probably a greater number than
this) stations as extant. Idedly, al “protected” stes would be owned by a public or private
entity dedicated to rare species conservation; however, thisis probably not aredistic godl.
Instead, we envision long-term protection of northern stickseed Sites to include easement
acquisition, landowner education and cooperation, periodic monitoring, and land acquisition
wherefeasble. Until this primary god of conserving 15 northern stickseed occurrencesis
achieved, workers should concentrate on protecting the highest quality occurrencesthat are
known to be extant (including those ligted below in Generd Conservation Action #3). Thiswill
require regppraisng qudity ranks of confirmed occurrences, then working towards acceptable
levels of protection of those occurrences.

The generd conservation actions outlined below are intended to serve the primary
onservation objective. The consarvation actions are listed in the order we suggest they be
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performed, which is not necessarily priority order—while action #3 is probably the most
important, it must be preceded by the work prescribed in actions #1 and #2.
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V. APPENDICES

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

The conservation rank of an element known or assumed to exist within a jurisdiction is designated by a
whole number from 1 to 5, preceded by a G (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, are included in site descriptions to provide a general indication of site
quality. Ranksrangefrom: A (excellent) to D (poor); arank of E isprovided for element occurrences that are
extant, but for which information isinadequate to provide aqualitative score. An EO rank of H is provided
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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