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SUMMARY

Ranunculus lapponicus L., Lapland buttercup, is amember of the Ranuncul aceae or
buttercup family. It isacircumbored speciesfound in Eurasa, Greenland, and North America
and is consdered globally secure (G5). In North America, R. lapponicus is a the southern end
of itsrangein Maine (S1, T), Michigan (S1S2), Minnesota (S3), and Wisconsin (S1), and has
likely dways been rdatively rarein these areas. In New England, R. lapponicus is only found
in northern white-cedar swvamps in extreme northern areas of Aroostook County, Maine. There
are nine records for R. lapponicus in Maine, including two very recent additions. One of these
ishistoric. Four of these occur in the same town, Perham, and three of these four should be
combined to one occurrence because they are hydrologicaly connected. Thiswould give a
total of six extant populations and one historic occurrence.

Although other buttercup species have been well studied, there islittle information
regarding the biology of R. lapponicus. We know that it flowersin June and July, flowers have
asweet scent, and that it isaclond plant, but there is no information regarding pollinators,
reproductive alocation, seed dispersd, germination rates, herbivory, or mycorrhiza
relaionships. Primary threats to Maine populations are from natural processes such as flooding
from beaver impoundment and windthrow, as the largest populations are in conservation or
state ownership. Logging represents a potentia threet at two privately owned occurrences
(both smdler populations) and one of the publicly owned occurrences.

The primary conservation objective for Ranunculus lapponicusin New England isto
maintain plant populations a no fewer than the current number of known occurrences. Other
objectives are to secure its existence at occurrences on public land by development of site
management plans, to maintain high population numbers a the five (currently, would be three if
combined) large sites, and to increase population numbers at the three small sites. Low-priority
objectives are seed banking and augmentation.



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:

. Hilaire, Lisa. 2003. Ranunculus lapponicus (Lapland buttercup) Conservation and
Research Plan for New England. New England Wild Hower Society, Framingham,
Massachusetts, USA.

© 2003 New England Wild Flower Society



|. BACKGROUND

INTRODUCTION

Ranunculus lapponicus L., Lapland buttercup, is amember of the Ranunculacese, or
buttercup family. Thisisalarge family, and there are 31 species of buttercups in northeastern
United States and adjacent Canada (Gleason and Cronquist 1991) and 16 in Maine (Haines
and Vining 1998).

Ranunculus lapponicusis a circumbored species found in Eurasia, Greenland, and
North America. Ranunculus lapponicus isfound in al Canadian Provinces, except for Nova
Scotiaand Prince Edward 1dand, where it has never been recorded, and Newfoundland Idand,
whereit ishigoric. Inthe United States, Ranunculus lapponicus isfound in Alaska (SR),
Maine (S1), Michigan (S1S2), Minnesota (S3), and Wisconsin (S1). Except for Alaska, R
lapponicusis at the southern limit of itsrange in the northern areas of these gates. In Maine, R
lapponicusis listed as Threstened, and is found only in extreme northern Aroostook County.
The Flora Conservanda ligs Ranunculus lapponicus as a Divison 2 species, indicating that it
isaregionaly rare taxon with fewer than 20 occurrences in New England (Brumback and
Mehrhoff et d. 1996). There are nine records of R. lapponicus in Mane, including one historic
record and two new populations observed in the fall of 2002. Four records occur in Perham,
and three of these Perham occurrences should be combined because they are part of the same
wetland complex. Thiswould leave atotd of five extant occurrences and one historic
occurrence in Maine. The gtate ranking of Ranunculus lapponicus in Mane was changed from
S2 to S1 in October 2002.

Ranunculus lapponicusisaclond plant and reproduces vegetatively. Ranunculus
lapponicus flowersin June and July, but it is unknown if seed production is gpomictic (seed
production without fertilization) as in some other Ranunculus species, or if it is sexud and
outcrossing. Ranunculus lapponicusistypicaly found in wet hollows of northern white-cedar
swamps in Maine, often on an elevated surface, such as arotten log (persona observation). It
is generdly found in deep shade, though at least one sSizeable patch of plantsisfound near a
large blowdown (personal observation). Mgor threats to the four largest Ranunculus
lapponicus occurrences in Maine are from natural processes, such as beaver impoundment or
windthrow. Logging isa potentia threst at the three smaler occurrences, and the large, newly
discovered occurrence.

This conservation plan is written in two sections. The firgt section summarizes available
information on the ecology, taxonomy, distribution, and status of Ranunculus lapponicus. The
second section presents conservation objectives and generd conservation actions for



Ranunculus lapponicus in New England, specific conservation actions for each occurrence,
and a prioritized implementation schedule for these conservation actions.

DESCRIPTION

The following description of Ranunculus lapponicus is based primarily on Benson
(1940, 1948), Fernad (1950), Gleason and Cronquist (1991), Scott et al. (2000),
Whittermore and Parfitt (2002), and personal observation.

Ranunculus lapponicus is ardaively smdl, rhizomatous plant with a cregping ground-
level or underground stem. Roots are dender, and the plant roots from rhizome nodes.
Scattered smple (rardy forked), glabrous, 0.5-2 dm high flowering scapes are borne at rhizome
nodes. Basa leaves are reniform, petioled, 1.1-2.6 cm wide by 1.6-4.3 cm long, and very
deeply 3-parted, with each segment coarsely crenate to shalowly lobed. Thereistypicdly one
basal leaf (occasiondly 2) that originates from the rhizome node. There may be asingle sem
leaf near the base of the scgpe. The inflorescence is a solitary, axillary, 5-15 mm diameter
flower. The receptacle is glabrous, 1-2 mm high, and not noticeably enlarged in fruit. There are
three sepdls; they are 3-7 mm long by 2-5 mm wide, spreading or reflexed from their base,
ovate, greenish yelow to yellow to brownish, scarious, and glabrous. There are 5-10 petdls;
they are yelow, 4-6 mm long by 2-3 mm wide, oblong to obovate, and unlobed. The nectary
scale forms a glabrous pocket at the base of each petal. There are 17-24 stamens. There are
5-15 carpds and subsequent fruits. The fruit is an achene that is oblong to ovoid-fusform,
condricted a the middle, and 2-4.5 mm long by 2-2.2 mm wide, in genera dightly longer than
the dender hooked style. The styleis perastent and forms a besk in the achene that is
lanceolate, dender, 1.6-2.4 mm long, and with a sharply curved or hooked tip. Thereisone
seed per achene.

The olitary basd leaf distinguishes R. lapponicus from other terrestrial Ranunculus
gpecies, which typicaly have several basd leaves (Hinds 2000). Also, the sems are cregping in
R. lapponicus, whereasin other terrestrial Ranunculus species they are more or less erect,
though the runners may sometimes be cregping (Hinds 2000). Ranunculus lapponicus and R
ficaria are the only two ydlow-flowered Ranuncul us species that typicaly have three sepds,
versus the more typicd five (Gleason and Cronquist 1991). However, R. ficaria occursin
open woods and waste places (Fernad 1950), and it is not included in Maine' s Flora (Haines
and Vining 1998), so it should not be confused with R. lapponicus. The combination of only
three sepals and typicaly one basdl leaf should distinguish R. lapponicus from any other
Ranunculus species, including those with which it occurs.,

There are 16 Ranunculus speciesin Maine (Haines and Vining 1998). Of these, the
following occur in Aroostook County: R. abortivus, R. acris, R. aquatilis var. diffusus, R
flammula, R. gmdinii, R. hispidus var. caricetorum (=R. septentrionalis), R. lapponicus, R
pensylvanicus, and R. recurvatus (Campbell et d. 1995, Haines and Vining 1998).



Ranunculus acris and R. hispidus var. caricetorum occur in areas where R. lapponicus
grows (Richard Clark, TNC steward, personad communication). Ranunculus pensylvanicus is
a species of stream banks, bogs, moist clearings, and depressions in woodlands (Whittermore
and Parfitt 2002). Though not recorded on specieslistsswith R. lapponicus, R. pensylvanicus
may be found in smilar habitat. An abbreviated key (from Haines and Vining 1998) is
presented to distinguish Ranuncul us species that may be found in northern white-cedar svamp
habitat in Maine,

la. Sepds 3 (4); flowering semswith 1 (2) basd |eaves, achenes with a prominent, corky
appendage prolonged distally to the seed..........ccccevveceeericeennes Ranunculus lapponicus

1b. Sepas 5; flowers borne on leafy stems, at least arising from atuft of leaves, achenes not
prolonged beyond the seed DOy ...........ccocrerirereneneere s 2

2a. Leaveswith flattened, winged, sometimes ill-defined petiolules, therefore these leaves
lobed but not divided; petals 7.0-15.0 mm long, exceeding the length of the sepals;
receptacle glabrous...........cooeerererere e Ranunculus acris

2b. At least the larger leaves with definite, unwinged petiolules, therefore these leaves are
(0001010701 o SO 3

3a. Petds 2.0-5.0 mm long; anthersto 1.0 mm long..... Ranunculus pensylvanicus

3b. Petads 5.0-15.0 mm long; anthers 1.2 mm or longer; leaf blades more or less
pamately divided, about as wide as long; ssems decumbent to cregping, sometimes
rooting at the nodes............. Ranunculus hispidus var. caricetorum

Leavesof Ranunculus lapponicus are somewhat smilar in size and gppearance to
leavesof Coptistrifolia (goldthread). Coptistrifolia isawhite-flowered member of the
Buttercup family and aso occurs in northern white-cedar svamps in Maine (Fernald 1950,
Gleason and Cronquist 1991, Haines and Vining 1998). Leavesof Coptistrifolia are
evergreen, whereas leaves of Ranunculus lapponicus are deciduous (Fernald 1950). In
generd, leavesof C. trifolia are coarser, thicker, harder, and a darker green than those of R
lapponicus, while leaves of R. lapponicus are dways alighter and fresher green (Clark,
persona communication). Additiondly, leavesof C. trifolia are more sharply toothed, the teeth
are mostly mucronate, and the laterd lesflets are unequilateral and broadly rounded on the
lower side (Fernald 1950, Gleason and Cronquist 1991).

TAXONOMIC RELATIONSHIPS, HISTORY, AND SYNONYMY

Ranunculus lapponicus was first described in 1753, in Species Plantarum 1: 553, as
Ranunculus Lapponicus (MOBOT 2002). Coptidium lapponicum (L.) Gandog. and



Anemone nudicaulis A. Gray are synonyms for R. lapponicus (Benson 1942, 1948, Scott et
al. 2000, IPNI 2002, MOBOT 2002). Anemone nudicaulis A. Gray was published in 1886,
in the Botanical Gazette 11: 17 (Benson 1942, 1948). Coulter and Fisher (1893: 299)
indicate that Anemone nudicaulis Gray is “imperfectly known,” and that N. L. Britton
determined it is actudly Ranunculus lapponicus L. Ranunculus lapponicus isknownin
French as Renoncule de Lapponie (Whittermore and Parfitt 2002).

The type specimen of Ranunculus lapponicus was collected in ** habitat in Alpibus
Lapponicus’ (Benson 1942: 385). The type specimen of Anemone nudicaulis isfrom bogs
and banks near the water in the Lake Superior region, Sand Bay, Minnesota, near 48° |atitude,
dated August 8, 1870, collected by a member of the U. S. Steamer Search, and sent to A.
Gray (Benson 1942). The type specimen of Ranunculus lapponicus is actualy alectotype, a
specimen sdlected from the originad materia to serve as the nomenclatura type because the
hol otype was not designated at the time of publication or was designated so long ago thet it is
missing (Benson 1954).

Hyhbridization is infrequently reported for Ranunculus species (Mitchel and Dean
1982), though gpomixis and interspecific hybridization can occur in some Old World groups of
Ranunculaceae (Whittermore and Parfitt 2002). Ranunculus lapponicus hybridizeswith R
pallasii, alow arctic species, to form the sterile hybrid R x spitzbergensis, named for the
idand of Spitzbergen (aterritory of Norway in the high Arctic) where it was first described
(Benson 1948, Cody et d. 1988). This hybrid is known from five areas in northern Canada,
but neither R. pallasii nor R x spitzbergensis occur in New England, nor are they likely to.

The genus Ranunculus is divided into subgenera. Ranunculus lapponicus isthe only
member of the subgenus Coptidium (Benson 1940). Benson (1940) uses the sepa
characterigtic to separate the subgenera of Ranunculus. Only the subgenera Coptidium (R
lapponicus), Pdlasiantha (R. pallasii), and Ficaria (only member isR. ficaria) have three
sepds, or sometimes two. The subgenus Euranunculus contains the mgority of North American
Ranunculus species, and includes R. acris and R. adoneus, both discussed in this plan (Benson
1940). Thediploid number of Ranunculus lapponicus (2n) is 16 (Bormann and Besatty 1955,
Hinds 2000, Whittermore and Parfitt 2002). Pollen stainability for Ranunculus lapponicusis
97% (Cody et d. 1988), indicating high fertility (Quiros et d. 2002, Stoeva et d. 2002).

SPECIES BIOLOGY

Thereislittle published in the literature regarding Ranuncul us lapponicus, therefore
information regarding other terrestrid Ranunculus species of cold or temperate climates, but
not meadow or field habitat, is presented. The information may or may not be gpplicableto R
lapponicus, but certainly will point to directions for further study.



Flowering and Pollination

Ranunculus lapponicus flowers in June and July across its range (Fernald 1950,
Gleason and Cronquist 1991, Whittermore and Parfitt 2002) and in Maine, though flowers may
be senescent by July (persona observation). Ranunculus lapponicus flowers have a sweet
scent (Scott et a. 2000) and are disc-shaped. Disc-shaped flowers present easily accessible
pollen and nectar, and may be visited by many insect species (Totland 1994). Asagenus,
buttercup flowers have abundant pollen but little nectar, and reflect light in the ultraviolet range
(Roy 1994).

Pallinators for Ranunculus lapponicus are unknown. However, pollinators for an
apine populaion of Ranunculus acris in southwestern Norway were primarily Dipterans, in the
Muscidae and Anthomyiidae (Totland 1994). Anthomyiid flies were dso the primary pollinators
of another dpine buttercup, Ranunculus inamoenus, in western Colorado during one study
year, but during a previous year Hdlictid bees were the primary flower visitors (Roy 1994).
Though flies were the primary pollinators for dpine Ranunculus acris, they carried smaler
amounts of pollen than other insect groups (Totland 1994). Rdatively few dpine Ranunculus
acris ovules were fertilized and developed into mature seeds after one fly visit (Totland 1994).
Compare thisto near total seed set from one bumblebee vidt to Saxifraga oppositifolia or
Bartsia alpinain the arctic (Totland 1994 and references therein). Insect vigitation increased
seed set in Ranunculus adoneus, an apine buttercup (Stanton and Galen 1989 in Roy 1994).
The pallinators of Ranunculus lapponicus should be determined, and it should be determined if
these pollinators aso utilize other species.

The between-flower flights of pollinating flies for the dpine population of R. acris were
quite short, with 95% of them <25 cm, and a maximum distance observed of 60 cm (Totland
1994). Totland (1994) indicated that the short interflower flights and passive seed dispersd in
thisR. acris population could lead to inbreeding depression because most of the genetic
exchange in the population occurs between close relatives. Thiscould be anissuefor R
lapponicus, especidly as R. lapponicus utilizes vegetative establishment of new plants, which
would be geneticdly identicd to the parent plant.

Howering in Ranunculus lapponi cus has not been correlated with any environmenta
variables. However, astudy examining climate and flowering of herbsin a Swedish Carpinus
betulus (hornbeam) forest, found that flowering in another buttercup, Ranunculus ficaria, is
positively corrdated (P< .05) with humidity and precipitation of the previous year, especidly
during August and September (P< .01) (Tyler 2001). Ranunculus ficaria bloomsearly in
spring, then exists exclusively below ground in summer and autumn (Tyler 2001). Ranunculus
lapponicus blooms later (June-July, as above), and leaves remain green throughout the growing
season and senesce towards fal (Clark, persona communication), but results fromthe R
ficaria sudy point out that it isworth pursuing the link between flowering and environmenta
parameters of the previous year.



Ranunculus lapponicus grows in an area with low temperatures and short growing
seasons, and it isworth investigating if flowers are hdiotropic. Flowers of Ranunculus
adoneus and Ranunculus acris in dpine areas are hdiotropic (Stanton and Galen 1989,
Totland 1996). In cold climates, flower warmth may be a direct reward for pollinators, and/or
heliotropism may positively influence pollen germination, growth of the pollen tube, and seed
sze and production (Patifio et d. 2002). However, in warmer climates, heliotropism may
reduce pollen and ovule viahility (Patifio et d. 2002). Heliotropism may be important to
Ranunculus lapponicusin Maine, becauseit is at the southern edge of its range, thought it is
unclear if we should expect a positive or negative effect.

Dormancy

Seeds of Ranunculus lapponicus, and at least some other species of Ranunculus,
exhibit morphophysiologica dormancy, meaning that dormancy is controlled by maturity of
embryo and hormones (Bliss 1958 in Baskin and Baskin 2001). Length of dormancy for R
lapponicus was not indicated, but seeds of R. adoneus can remain dormant but vigblein the
soil for at least two years (Scherff et a. 1994). Vegetative reproduction of R. adoneus likdy
influences the persstence rather than the spread of populations (Scherff et a. 1994). Thismay
or may not be smilar for R. lapponicus.

Germination and Regeneration

Germination and establishment rates are unavailable for R. lapponicus and it is
unknown what portion of reproduction is vegetative and what portion is sexud. Many
buttercup species exhibit gpomictic seed production (Candace Galen, University of Missouri,
persona communicetion), but it is unknown if R. lapponicus is gpomictic or sexud and
outcrossing.

An important factor in regeneration of any speciesis the concept of safe sites (Harper
1977) and the regeneration niche (Grubb 1977). Menges (1991) indicates that the number and
distribution of safe Stefregeneration niche microsites may be more important to plants than the
totd habitat area. Seedling-environment interactions likely play arole in defining the ecologica
amplitude of Ranunculus adoneus, supporting the idea that the regeneration nicheisaman
determinant of plant community composition (Galen and Stanton 1999). The same may be true
for R lapponicus. For tree and herb seedlings, including R. adoneus, favorable germination
gtes are not necessarily sites mogt favorable for surviva (Harmon and Franklin 1989, Callins
1990, Kellman and Kading 1992, Ohlson and Zackrisson 1992, Smith and Capelle 1992, S.
Hilaire and Leopold 1995, Gaen and Stanton 1999). Thisisaso likely the case for R
lapponicus, but it is an area needing further research.



Ranunculus lapponicusis found in scattered hollows of northern white-cedar svamps
in Maine, anong mosses, sedges, and cedar duff (persona observation). The texture of
bryophytes may provide safe germination Sites for tree seeds in northern white-cedar svamps
(Johnson and Fryer 1992, Ohlson and Zackrisson 1992, S. Hilaire and Leopold 1995).
Perhaps the same would be true for Ranunculus lapponi cus achenes in amilar habitats,
alowing that other factors needed for germination are aso present. Bryophytes are a mgjor
feature of the ground layer of northern white-cedar swamps (St. Hilaire and Leopold 1995,
Gawler 2001) and may affect Ranuncul us lapponicus germination and establishment by
creating favorable moisture relations (Keizer et d. 1985), trandferring or interrupting nutrients
(Tamm 1964, Oechd and Sveinbjornsson 1978, Richardson 1981, Chapin et al. 1987,
Longton 1988, Bates and Farmer 1990, Carleton and Read 1991, L ongton 1992), forming
fungal associations (Pocock and Duckett 1985, Carleton and Read 1991), or releasing growth
regulatory compounds (Cox and Westing 1963, Huneck and Meinunger 1990). For tree
seedlings in a northern white-cedar swamp, it has been suggested that bryophyte structure and
moisture relations may enhance seed germination, though other factors such as nutrient leaching
may negatively affect subsequent surviva (St Hilaire and Leopold 1995). Some mosses (e.g.,
Sphagnum species) can overgrow tree seedlings and inhibit their surviva (Ohlson and
Zackrisson 1992); perhaps the same would be true for Ranunculus lapponicus seedlingsin
some moss microhabitats.

Percent cover and seed mass of R. adoneus were lower in late melting snowbed sites
(Gden and Stanton 1993). Though timing of snow melt islikely not an issue for R. lapponicus
in Maine, some R. lapponicus patches may remain under water from flooding due to spring high
water or beaver activity (personal observation). Severd patches of R. lapponicus at ME .006
(Perham) were under up to 6 inches of water on June 2, 2002 (personal observation). The
plantsin these areas appeared hedthy, with green, turgid leaves. Richard Clark (persona
communication) indicated that one area was flooded from beaver activity in anearby area of the
gte, but that the other two areas were flooded due to high spring water levels. It would be
interesting to track some measure of fitness, perhaps plant cover and seed mass, at flooded
patches and patches that are not flooded.

Seed Dispersal

Achenesof R. lapponicus are green (Clark, personal communication) and presumably
photosynthetic. Larger seeds have an establishment advantage, but a dispersal disadvantage
over smdler seeds (Galen and Stanton 1993).  Photosynthetic achenes can contribute to their
own carbon assmilation while the seed fills the achene (Galen and Stanton 1993).

Most plant taxa have highly restricted seed dispersal, and thisistrue for R. adoneus
(Scherff et a. 1994 and references therein). Ranunculus adoneus relies on passve dispersal
mechanisms (Galen and Stanton 1993) and disperses a very short distance from the materna
plant (Scherff et d. 1994). Most seeds disperse between 4 and 16 cm, in the direction of the



prevaent wind patterns (Scherff et d. 1994). During snowmelt, seeds may experience a
secondary dispersd, to about 10 cm directly downhill from the maternd plant (Scherff et d.
1994). However, genetic studies of R. adoneus indicate that gene flow is widespread, because
rare, long-distance dispersa events may have a disproportiona effect on the genetic structure of
the population (Stanton et a. 1997). Because R. lapponicus also has no specidized dispersal
mechanism, we can expect it to have ardatively short dispersd distance. Secondary dispersal
for R. lapponicus s likely rdated to levels of spring high water due in part to snowmdt, but
would not likely cover greet distances. Some longer-distance secondary dispersal may occur
with achenes grazed by rodents or deer. In addition, the beak of the achene of R. adoneus
promotes dispersd by smal mammas (Gaen, persond communication), and the same may be
true for R. lapponicus.

Genetic Fitness

Smadll populations become inbred more rapidly (Barrett and Kohn 1991), while large
populations help keep inbreeding low and maintain high dlde diversty (Ledig 1986). Because
Ranunculus lapponicus has smdl populations and is naturaly sparsely distributed in our areg, it
may have genetic adaptations to such stuations (sensu Barrett and Kohn 1991). Ranunculus
lapponicus may have a genetic system to decrease inbreeding as opposed to a species that has
recently undergone a sudden population decline (sensu Barrett and Kohn 1991).

Itisuncdlear if R. lapponicus populaionsin Mane are large enough to maintain high
genetic diversty, especidly given that it isacdond plant, and if infragpecific competition between
ramets and genetsis an issue (sensu van Kleunen et d. 2001). Populations of low genetic
diversity are susceptible to stresses such as disease and climate change (Ledig 1986).

However, there are few documented examples of naturd plant populations where genetic
uniformity makes the population more susceptible to disease (Menges 1991), and thereisno
empirica evidence linking genetic compaosition to growth and surviva of rare plant populations
(Schemske et a. 1994).

If Ranunculus lapponicus exhibits apomictic seed production as well as vegetative
reproduction, then there may be little genetic divergty in a population. Clond plants compete
intraspecificaly among genets and ramets (van Kleunen et d. 2001). Intheclond plant
Ranunculus reptans, increased density caused a shift in reproductive effort, with the dlocation
to sexua reproduction increased over that of vegetative reproduction (van Kleunen et d. 2001).
I ntragpecific competition may also affect evolutionary processes such as genetic drift and
selection due to effects on effective population size (van Kleunen et a. 2001). Prati and Schmid
(2000) found that the variation in sexud reproduction and clond growth traits of R. reptans was
maintained by fine-scaed environmenta heterogeneity. Intraspecific competition and fine-
scaled environmenta heterogeneity may be important factors for R. lapponicus, especidly if
they affect life-higtory traitsasin R. reptans.
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Toxicity and Herbivory

Ranunculus lapponicus is consdered toxic when ingested, and may cause contact
dermatitis, photosengtization, or photodermatitis (Hinds [2000] considers much of the family
mildly to extremdy toxic, including some supposed edibles). However, R. lapponicus is utilized
asadietary ad prior to consuming other food by starving western Inuit groups (Moerman 1986
in Whittermore and Parfitt 2002).

Though herbivory was not noted on any Ranunculus lapponicus plantsin Maine,
buttercup (as a genus) achenes are eaten in smal amounts by severa kinds of birds and rodents
(Martinet d. 1951). Black-tailed deer browse on whole buttercup plantsin very small amounts
(Martin et d. 1951); perhaps the same is true for white-tailed deer. Ranunculus adoneus
typicaly occursin snowbeds, but where it occurs in apine meadows, rodent predation on
seedlings can be a sgnificant cause of mortality (Scherff et a. 1994). A European study
showed that certain gastropods will feed on Ranunculus repens, though not preferentidly
(Iglesias and Cadtillgjo 1999). Two of these European gastropods are Arion subfuscus, dusky
dug, and Deroceras reticulatum, field dug, which are present in naturd habitatsin Maine and
are serious pests, but it is unlikely that they will graze sdectively on Ranunculus lapponicus.

Mycorrhizal Relations

Mycorrhiza relations are unknown for Ranunculus lapponicus. Dark septate
mycorrhiza fungi, and not vesicular arbuscular mycorrhiza fungi or new roots, may play arolein
early season nitrogen uptake by Ranunculus adoneus (Mullen et d. 1998), while vescular
arbuscular mycorrhiza fungi are important for phosphorus uptake in R. adoneus (Mullen and
Schmidt 1993). Ranunculus adoneus phosphorus levels were highest in early summer, during
flowering and seed production, and declined in July and August, corresponding with flowering
and seed dispersa (Mullen and Schmidt 1993). Arbuscules have a short life span and are
digested by host cells when they are no longer needed for nutrient transfer (Toth and Miller
1984 in Mullen and Schmidt 1993). One of the two types of vesicular arbuscular mycorrhiza
fungi that colonized roots of R. adoneus was identified as Glomus tenue (Mullen and Schmidt
1993). Mycorrhizd fungi provide an advantage in phosphorus-limited habitats, such asapine
areas and northern white-cedar swamps (Scherff et d. 1994 and references therein).

HABITAT/ECOLOGY

Ranunculus lapponicus is found in: low-eevation bogs, arctic-dpine grasdands, and
northern coniferous forests (Benson 1942); moss and wet woods (Fernald 1950); cool mossy
cedar swvamps underlain by calcareous deposits (Hinds 2000); wet soil (Gleason and Cronquist
1991); and boggy places and lakesides in tundra, muskeg, and bored forest (Whittermore and
Parfitt 2002). Ranunculus lapponicus can be found at sealevel to 900 m eevation (Benson
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1955, Whittermore and Parfitt 2002). In the northeastern United States and nationaly, R
lapponicusis classfied as an Obligate Wetland species, meaning that it dmost always occursin
wetlands (estimated probability 99%, USDA, NRCS 2001). In Ontario, R. lapponicusis
typicaly found in coniferous black spruce swamps on organic subgrate (Rosta Ben-Olid,
Ontario Naturd Heritage Information Centre, personal communicetion). In Maine, R
lapponicusistypicaly found among mosses, sedges, and cedar duff in scattered hollows within
northern white-cedar swamps (persona observation, confirmed by TNC steward).

The northern white-cedar swamp community is ranked $4 in Maine, and its Nationa
Vegetaion Classficaion is Thuja occidentalis/Mitella nuda/Hylocomium splendens
Saturated Forest (Gawler 2001, NatureServe 2001). The northern white-cedar swamps of
Maine are represented by a closed-canopy forest of Thuja occidentalis (northern white-
cedar), often with Picea mariana (black spruce) or Acer rubrum (red maple) (Gawler 2001).
There is awell-developed herb layer, with small cedar trees and an array of boredl herbs.
Hummaock-hollow topography carpeted by alush bryophyte layer is a characteritic feature.
This community is typicadly found in poorly drained basins dong streams or smd| ponds. The
subdrate is usudly shalow pest over minera soil, with a somewhat acidic to circumneutral pH
(Gawler 2001).

Northern white-cedar svamps are generally found in minerotrophic Situations, versus
other forested peatlands, which tend to be in ombrotrophic situations (§0rs 1959, Heinselman
1970, Collins et al. 1979, Schwintzer 1981, Kenke 1987, Crum 1988). Water and nutrientsin
minerotrophic peatlands are received from groundwater, surface runoff, and precipitation
(Moore and Bellamy 1974, Mitch and Gossdlink 1986, Crum 1988). Hydrology plays amgor
role and influences vegetation by influencing groundwater nutrient conditions, pH, and specific
conductivity (St. Hilaire 1994). Fens (including forested northern white-cedar swamps) occur
in groundwater discharge areas, where the groundwater moves upward, though recharge and
discharge volumes are smdl versus inputs and losses from precipitation, runoff, and
evapotrangpiration (meaning chemicd qudity is more important than water quantity) (Siegd
1988). Vascular plants, especialy sedges, contribute to the peat formed in northern white-
cedar swvamps where groundwater is rich in cacium, magnesium, iron, and carbonate
(Verhoeven and Arts 1987).

THREATSTO TAXON

Timber harvest (typicaly for cedar fence posts) and generd habitat destruction are the
magjor potentid threats to Ranunculus lapponicus and other rare species of northern white-
cedar svamps (Eastman 1977, Gawler 1983). Pesticide application in adjacent uplands may
aso be athreet, at least for some Maine populations (as for ME .003 [Chapman]; Jm
McGowan, Preserve Design File, MNAPfiles). Eastman (1977) notes any activity that
impedes the laterd flow of groundwater such asfilling, dredging, and peat mining is athrest to
rare species of northern white-cedar swamps.  Stochastic events and natural catastrophe are the



primary threats of populations not dready threatened by systematic trends (Shaffer 1987).
Stochastic events and natural processes, such as windthrow and flooding, are potentia threats,
as none of the Maine populations is very large (unless three Stes are combined, see Ste
descriptions), and because R. lapponicus is a the southern edge of its range in northern Maine.

Climatic warming may lead to competitive exclusion or range contraction in Ranunculus
lapponicus, as suggested by experiments with dpine R. acris. An experimenta warming study
of dpine Ranunculus acris found that seed number and weight and leaf weight were increased
with warming (Totland 1999). However, the dengity of R. acris decreased in experimentaly
warmed open top chambers, possibly because of increased graminoid cover, suggesting that the
increased cover of graminoids outweighs the increased reproductive output of R. acris (Totland
1999). Thismay be an issue for R. lapponicus, especialy as some subpopul ations co-occur
with sedges (persona observation).

Naturd processes such as windthrow, flooding, fire, drainage, drought, and
cutting/heavy browse can affect the northern white-cedar swamp community and cause
community changes (St. Hilaire 1994). Windthrow of afew trees does not change community
gtructure (Curtis 1946, 1959), but windthrow of many trees may change the community to a
rich sedge fen (St. Hilaire 1994). Other means of tree removal, such as clearing, may have the
same effect. Hooding may aso change community structure and result in arich shrub fen, rich
sedge fen (Schwintzer and Williams 1974, Jeglum 1975), or marsh (Catenhusen 1950, Kenke
1987). Beavers, roads, railroads, ditches, pipelines, and dams can cause flooding upstream of
a peatland or drainage downstream (Stoeckeler 1967, Bodter and Close 1974, Jeglum 1975,
Jacobson et d. 1991). Drainage and drought can lead to the invasion of pines, basam fir, and
hardwoods, and aso to an increased fire frequency (Catenhusen 1950, Christensen et d. 1959,
Curtis 1959, Crum 1988). Superficid fires do not affect community structure, but medium-
intensty and repeat fires may result in community changes and lead to arich shrub fen or marsh;
deep fires may lead to a quaking aspen community (Catenhusen 1950). Cuitting, heavy browse,
and fire may lead to a black ash/red maple swamp forest (Gates 1942, Johnston 1990). These
community changes are likely not beneficid to Ranunculus lapponicus. Flooding from beaver
impoundment is alikdly threat to Ranunculus lapponicus in Mane, and it may soon affect
populations a& ME .001 (Perham) and ME .006 (Perham). Windthrow is a potentia threet to
Ranunculus lapponicusin Maine. Other threats indicated above, though possble, are less
likely. Forest encroachment, a disturbance presumed to be detrimental to some of the other
rare plants found in northern white-cedar swvamps, would likely favor Ranuncul us lapponicus
(Fen Conservation Network 2002).
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DISTRIBUTION AND STATUS

Ranunculus lapponicus is apparently globally secure, with aranking of G5
(NatureServe 2002). Flora Conservanda ligs Ranunculus lapponicus as a Divison 2
species, which indicates it isaregionaly rare taxon with fewer than 20 occurrencesin New

England (Brumback and Mehrhoff et a. 1996).

Ranunculus lapponicusisacircumborea species, found in Eurasia, Spitzbergen,
Greenland, and North America (Benson 1942, 1948, Fernad 1950, Gleason and Cronquist
1991, Whittermore and Parfitt 2002). It is not found in Iceland (Bocher 1951). In North
America, Ranunculus lapponicus is found from Alaskato Labrador, south to British Columbia
and northern Maine, Michigan, Minnesota, and Wisconsin (Benson 1942, 1848, Fernald 1950,
Gleason and Cronquist 1991, Hinds 2000, Whittermore and Parfitt 2002, NatureServe 2002,
Figure 1). Ranunculus lapponicus is consdered awide-ranging forest speciesin Canada

(Raup 1947).

Ranunculus lapponicusislisted as S1, S2, or S3in six of the sixteen states and
provinces in which it occurs, and it is historic in one province. Ranunculus lapponicus is
goparently secure in the central Canadian provinces. It iswidespread and fairly common north
of about 48 degrees latitude in Ontario (Ben-Olid, personad communication). Its Satusin the
remaning Sx states and provinces where it occursis largdy unknown (Table 1).

Table 1. Occurrence and status of Ranunculus lapponicusin the United States and
Canada based on information from Natural Heritage Programs*.

OCCURS & OCCURS & NOT OCCURRENCE HISTORIC
LISTED (AS S1, LISTED (AS S1, REPORTED OR (LIKELY
S2,0RT &E) S2,0RT & E) UNVERIFIED EXTIRPATED)
Maine (S1, T) Labrador (S2S3) Alaska (SR) Newfoundland Iand

(SH)

Michigan (S1S2, T)

Minnesota (S3, SC)

Northwest Territories

(SR)
Wisconsin (S1, E): 2 | Alberta ($4) Nunavut (SR)
extant occurrences
New Brunswick (S1) | British Columbia(S?) | Quebec (SR)
Manitoba ($4S5) Y ukon Territory (SR)
Ontario (S5)
Saskatchewan (S5?)

*Thisinformation based on NatureServe, with additional information for Maine from MNAP, for Michigan
from http://michbotclub.org/plants_mich/threatened.htm, for Wisconsin from
http://www.dnr.state.wi.us/org/land/er/publications/coastal_wetlands/L superior/sites/L S13_BruleRiverSpill
wayhtm, and for Minnesota from

http://www.dnr.state.mn.us/fish_and_wildlife/endangered_species/envasspc.html.



Figure 1. North American occurrences of Ranunculus lapponicus. States and provinces
shaded in gray have oneto five (or an unspecified number of) occurrences of the taxon. States
and provinces shaded in black have more than five confirmed occurrences. Stippling indicates
areas from which the taxon is "reported” ("SR") but not necessarily verified. Diagona hatching
indicates an area from which the taxon is considered historic or extirpated.
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Status of All New England Occurrences — Current and Historical

In New England, Ranunculus lapponicus currently occurs and hitoricaly has only
occurred in Maine. In Maine, R. lapponicus is ranked S1 by Maine Natural Areas Program
and isligted as Threatened, indicating thet it is rare, and with further decline could become
Endangered. In Maine, an Endangered plant is consdered rare and in danger of being lost from
the ate in the foreseeable future. Thereisno legd protection based on these designations. In
addition to the occurrences listed below, Benson (1948) indicates a collection from Aroostook
County, on the Aroostook River, by Chamberlain and Delano # 649, at the Gray Herbarium.
New England occurrence records for Ranunculus lapponicus are lised in Table 2. A map of
extant New England occurrences is shown in Figure 2, the historic occurrencein Figure 3.

Table2. New England Occurrence Recordsfor Ranunculus lapponicus. Shaded
occurrences are considered extant.

State EO# County Town

ME .001 Aroostook Perham
ME .002 Aroostook Perham
ME .003 Aroostook Chapman
ME .004 Aroostook Mapleton
ME .005 Aroostook T16 RO4WELS
ME .006 Aroostook Perham
ME .007 Aroostook Perham
ME NEW Aroostook T16 R1I2WELS
ME NEW Aroostook Stockholm
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Figure 2. Extant occurrences of Ranunculus lapponicusin New England. Town

boundaries for Maine (the only New England state in which the taxon occurs) are shown.
Towns shaded in gray have one to five extant occurrences of the taxon.
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II. CONSERVATION

CONSERVATION OBJECTIVESFOR THE TAXON IN NEW ENGLAND

Generd conservation objectives, in order of priority, for Ranunculus lapponicus in
New England are to:

Deter mine number of extant occurrencesin New England.

Secur e existence of extant occurrences via conservation easement, Ste design, and
habitat preservation.

Update occur rence informetion.

Maintain high population numbersat the largest stesin Perham, Maine, which
currently include ME .001 (gpproximatdy 350 individuas) and ME .002, ME .006, and
ME .007 (gpproximatdly 200, 380, and 380 individuas, respectively). Combining the
latter three would leave one very large occurrence, with an estimated population of
nearly 1000 individuas. ME NEW (T16 R12, with 295+ individuals) aso has a
reaively large population.

I ncrease population number sat the smdler stesin Maine such that the numbers
reflect asmilar percentage of habitat occupied as at the larger Stes, preferably in the
range of severd hundreds of individuds.

The five largest occurrences of Ranunculus lapponicus in Maine have between 180
and 380 individuas each. These numbers have fluctuated from single numbers to 530
individuals. Some of thisvariation is due to variable search effort, but some aso represents
variation in population numbersin different years. Combining ME .002, ME .006, and ME
.007 (Perham) would leave one very large population, with The Nature Conservancy population
(ME .001 [Perham]) and the privately owned population (ME .008 [T16 R12 WELS]) at
about athird of that Size,

Site design, protection, and habitat management are the three steps used to conserve
viable populations of rare plantsin their natura habitats (New England Wildflower Society
1992). In generd, these should be the gods a al R. lapponicus stesin Maine, especidly those
on private property. The specific numeric god for Ranunculus lapponicusisthet it be
maintained at no fewer than the current number of Stesin Maine, which would be Sx extant
stes after combination of ME .002, ME .006, and ME .007 (Perham) as indicated above.

Programs that combine approaches of representative display in abotanica garden,
establishment of anew population at a distant Site, and off-site seed banking are most likely to
succeed (Falk 1991). These gpproaches may be worth pursuing after the initid conservation
objectives are met.
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Generd conservation actions for Ranunculus lapponicus in New England include:

Surveying likely habitat in Mane for Ranunculus lapponicus, especidly east of
Route 11, in Aroostook County

Landowner contact and information sharing to make them aware of the importance
of the presence of Ranunculus lapponicus on their property

Protection of occurrenceson private property by implementation of conservation
easement or other protective measures at each occurrence on private property

Full population count and periodic inventory of known occurrences
Development of site management plan on BPL property, currently three
occurrences, two of which are Ecologica Reserves

Re-evaluation of individual EOR rankings

Seed banking

Augmentation

Resear ch and experimentation at the large population Stesin Maine to better
understand species ecology and management needs. Areas of research include:
determination of sze and percentage of habitat and spatid patterning within habitat
utilized by this species a each occurrence; determination of the effects of hydrologica
change and other disturbances; determination of habitat and microhabitat requirements;
determination of vascular, bryophyte, and mycorrhizal associations, determination of
pollinators, demographic, reproductive, and genetic sudies; and potentialy monitoring
of pesticide inputs and effects.
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Appendix 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, 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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