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SUMMARY

Small round-leaved orchis (Banks ex Pursh) Hultén (Amerorchis rotundifolia) is
endemic to North America and Greenland. It is globally secure (G5), but rare throughout
its distribution in the United States. In New England, Amerorchis rotundifolia only
grows in cold northern white-cedar swamps and seepage forests of northern Maine
(whereit is ranked S1), though there are historic records from New Hampshire and
Vermont (aswell as New York). There are seven extant sites for Amerorchis rotundifolia
in Maine; five are currently tracked, and two sites were discovered in the 2001 field
season and have not yet been entered in the database for tracking. Amerorchis
rotundifolia is at the edge of its range in northern New England, and likely has always
been rather rare in our area.

Much of the biology of Amerorchisrotundifolia is unknown. It generaly flowers
in June, but information regarding pollinators, potential herbivores, preferred
microhabitats, and mycorrhizal associationsis lacking. Unlike some other orchid species,
Amerorchis rotundifolia does not respond well to major disturbances such as power line
cuts. Primary threats are timber harvest, general habitat destruction, and hydrologic
changes. The first two threats are not an issue at the two largest sites as these sites are
under conservation ownership, but hydrologic changes may be a potential threat there.

The primary conservation objective for Amerorchis rotundifolia in New England
isto maintain plant populations at no fewer than the current number of known stations.
Other conservation objectives are to continue protection of the plant on the two sites
under conservation ownership, to reduce threats and increase population numbers on
private lands through conservation easement or management, and to utilize the larger
populations for demographic studies and possibly experiments to determine best
management practices. Low-priority objectives are seed banking, in situand in vitro
germination, and outplanting into appropriate historic habitat.



PREFACE

This document is an excerpt of a New England Plant Conservation Program (NEPCoP)
Conservation and Research Plan. Full plans with complete and sensitive information are
made available to conservation organizations, government agencies, and individuals with
responsibility for rare plant conservation. This excerpt contains general information on
the species biology, ecology, and distribution 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 plants
in need of conservation in the region. NEPCOP regional plant Conservation Plans
recommend actions that should |ead to the conservation of Flora Conservanda species.
These recommendations derive from a voluntary collaboration of planning partners, and
their implementation is contingent on the commitment of federal, state, local, and private
conservation organizations.

NEPCoP Conservation Plans do not necessarily represent the official position or approval
of al state task forces or NEPCoP member organizations; they do, however, represent a
consensus of NEPCoP’ s Regional 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 Natural
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 as follows:
St. Hilaire, LisaR. 2001. Amerorchis rotundifolia (Banksex Pursh) Hultén (Small
Round-leaved Orchis) Conservation and Research Plan for New England. New England

Wild Flower Society, Framingham, Massachusetts, USA.

© 2002 New England Wild Flower Society



I. BACKGROUND

INTRODUCTION

Small round-leaved orchis, Amerorchisrotundifolia (Banks ex Pursh) Hultén, isa
member of the Orchid Family (Orchidaceae). Amerorchis is a monotypic genus, though
it was previoudly considered in the genus Orchis which in North Americaincluded O.
spectablilis (= Galearis spectabilis) and O. aristata (=Dactylorchisaristata) (Luer 1975).
Amerorchisrotundifolia is endemic to North America and is distributed from the west
coast of Greenland, across Canada to Alaska, and south to a few northern states in the
United States (Correll 1950, Luer 1975). In the most northern areas of its distribution,
Amerorchisrotundifolia grows in tundra and limestone barrens (Luer 1975), but in its
more southern areas of distribution, it isaplant of cold northern white-cedar swamps
(Gibson 1905, Fernald 1919, Morris and Eames 1929, Correll 1950, Case 1964, Cameron
1976, Crow 1982, Brown 1997, Chapman 1997, Hinds 2000).

Amerorchisis rare throughout its distribution in the continental United States
(NatureServe 2001). In New England, Amerorchisis extant only in Maine and has a state
rank of S1. There are currently seven extant populationsin Maine, including two
previously unknown populations discovered by Andy Cutko and Mike Auger (of Maine
Natural Areas Program, MNAP, personal communications) in 2001 and one population
that is likely extirpated though is till tracked. There are five historical sites for
Amerorchis in Vermont, where its state rank is SH. Amerorchis has been added to the
tracking list in New Hampshire with the state rank of SH (October 2001) due to
information discovered in the course of writing this plan (Sara Cairns, New Hampshire
Natural Heritage Inventory, personal communication; see General Status and Distribution
for more information). Amerorchisis not tracked in Connecticut, but based on
information gathered while researching this plan, it should be ranked SR in that state.
Amerorchisis considered extirpated from New Y ork, where there are two historical
records from the 1870's (Steve Young, New Y ork Natural Heritage Program, personal
communication), though Brown (1997) lists 4 historic sites for Amerorchisin New Y ork.
NatureServe (2001) listsit as SR in New Jersey.

New England Plant Conservation Program (NEPCOP) lists Amerorchis
rotundifolia as a Division 2 plant, meaning it is aregionally rare taxa with fewer than 20
occurrences in New England (Brumback and Mehrhoff et al. 1996).

This conservation plan summarizes available information on ecology, taxonomy,
and conservation biology of Amerorchisrotundifolia. Also presented are its current
status, potential threats, and recommended actions for conservation of this speciesin New
England.



DESCRIPTION

The following plant description is derived from Morris and Eames (1929), Correll
(1950), Case (1964), Luer (1975), Gleason and Cronquist (1991), and Chapman (1997).
Amerorchisrotundifolia is a perennial herb with a slender, glabrous, solitary scape 10-35
cmtal. Thesngleleaf isdull green, subbasal, sessile, dliptic to broadly oval to round
with an obtuse to rounded apex, 3-11 cm long, 2.3-7 cm wide. The basal portion of the
leaf sheaths the stem. The inflorescence is a narrow, loosely flowered terminal raceme
with 1-16 flowers, arranged more or less one-sided on the stem. Floral bracts are
lanceolate, acuminate, 7-15 mm long, 3-5 mm wide at the base. Ovaries are stout-
pedicillate, 8-12 mm long, about 1.5 mm wide. There are 3 sepals; they are white to pale
pink mauve, ovate-elliptic, usually minutely cucullate at the apex, 3-5 nerved, 6-10 mm
long, 3-4 mm wide. Lateral sepals are lance-ovate, oblique, spreading. The dorsal sepal
is shorter, erect, wide-ovate, forms hood with lateral petals. Petals are white to pale pink
to mauve, 5-6 mm long, 2-3 mm wide at the base (narrower and smaller than the sepals),
lanceolate, connivent with the dorsal sepal, forming a hood over the column. Thelipis
8-10 mm long, white, typically spotted with mauve to deep purple, three-lobed at the
base. Lateral lobes are short-ovate to eliptic to oblong-lanceolate, about 2 mm long.
The middle lobe isirregularly oblong spatulate, dilated and notched or bilobed at the
apex, 3-6 mm wide. The spur is dender, shorter than the lip, dightly curved, 5-6.5 mm
long, 1 mm wide. The column is short, stout, 3-4 mm long, 2 mm wide, anther cells
contiguous. The capsuleis dlipsoid, ascending, about 1.5 cm long, 0.5 cm wide.

Amerorchisrotundifolia has a lender branching rhizome with slender fibrous
roots (versus rounded tuberoids as in most Orchis species or palmately lobed tuberoids as
in Dactylorhiza) (Luer 1975). The flower color and lobed lip, with the solitary basal leaf
present at flowering time are diagnostic for Amerorchis. Other orchids with lobed, pink
and white flowers have leafy stems (Mitchell and Sheviak 1981). The Showy Orchis
(Galearis spectabilis) has a leafless stem with flowers colored ssimilarly to Amerorchis
rotundifolia, but the lip on Galearisis not lobed or notched, and there are two leaves
present at flowering time (Mitchell and Sheviak 1981, Gleason and Cronquist 1991).
Some Platanthera species may have one leaf at flowering time, but the flowers of these
species are greenish or whitish and inconspicuous (Chapman 1997). Platanthera species
with one or two more or less basal |eaves present at flowering time have white to
greenish or yellowish petals, and the lateral petals are not connivent with any sepal(s).
Other species of Platanthera have cauline leaves (Gleason and Cronquist 1991).

TAXONOMIC RELATIONSHIPS, HISTORY, AND SYNONYMY

Amerorchis is a monotypic genus first proposed by Eric Hultén in 1968 (Luer
1975). The most common synonym and origina genus for Amerorchisis Orchis
(Baldwin 1884, Gibson 1905, Nylander 1918, Morris and Eames 1929, Correll 1950,
Luer 1975, Gleason and Cronquist 1991, Haines and Vining 1998), though it has been
considered as a Habenaria or Platanthera (Luer 1975). It isamember of the family
Orchidaceae, subfamily Orchidoideae, tribe Orchideae, subtribe Orchidinae (Luer 1975).



Linnaeus first used the name Orchisto describe terrestrial orchids with two large
ovoid fleshy tubers resembling testiclesin 1753 (Luer 1975, Keenan 1983). Baldwin
(1884) and Chapman (1997) comment on the derivation of the name Orchis, but
Berliocchi (2000) offers the best version of the myth, summarized as follows: Orchis
was the son of a nymph and a satyr who attempted to rape a priestess while attending a
feast for Bacchus. As punishment he was torn limb from limb by wild beasts. The gods
intervened and his mutilated body was metamorphosed into a modest and slender plant
bearing paired round tubers similar to the organs of his own undoing (Berliocchi 2000).

Except where noted, the following is from Luer’s (1975) excellent history of the
genus Orchisin North America. In 1790, De Necker proposed that about half of the
species in the genus Orchis be separated into the genus Dactylor hiza based on their root
structure, fleshy roots in a palmate cluster versus paired fleshy tubers. His proposal was
not widely accepted. In 1805, Willdenow established and removed the genus Habenaria.
In 1813, Robert Brown established the genus Gymnadenia separate from Orchis based on
differences in the column. In 1818, L. C. Richard established the genus Platanthera
separate from Orchis based on differences in anther cell divergence or contiguity.

In 1833, Rafinesque proposed the monotypic genus Galearis for Orchis
spectabilis based on the bilobed bursicle above the stigma, two basal leaves, and absence
of tubers associated with the roots. His proposal was not widely accepted, but the name
Galearis has been in recent use by taxonomists (also Mitchell 1986, Haines and Vining
1998). In 1898, Joannes Klinge divided the genus Orchis was into two subgenera, Orchis
and Dactylorchis. Dactylorchis is now accepted as Dactylorhiza, and in North America,
this affects the previously named Orchis aristata complex, which grows in the Aleutian
Islands and also an isolated colony of Dactylorhiza maculata in Ontario. In 1968, Eric
Hultén separated Amerorchisfrom Orchis. There are now no occurrences of any Orchis
species in North America; our formerly named Orchis species belong to the genera
Amerorchis, Dactylorhiza, and Galearis (Luer 1975).

Amerorchisrotundifolia forma lineata was first reported at Elkwater Lake,
Alberta, in damp mossy woods (Mousley 1941). This form has broad, longitudinal
purple stripes on the lip versus the typical spots and has also been found at Sibley Park
Ontario, on the north shore of Lake Superior, in asimilar habitat (Elliot 1960, DeVitt
1961). Whiting and Catling (1986) visited the Frontenac site in Ontario and found 150 A.
rotundifolia forma lineata and 700 typical plants, growing in similar small bog openings,
but associated in separate groups. A white-lipped color form with lilac dorsal sepals and
petals was found at the Sibley Peninsula, Ontario A. rotundifolia f. lineata colony
(Johnson 1995). A single plant was found in 1993, and one year later, five plants of this
new form were found near the origina plant. Johnson (1995) indicates that variable lip
color patterns with this species are not uncommon.

Amerorchis rotundifolia forma beckettii (also noted as forma beckettiae) was
found in Churchill, Manitobain 1954. This form has all white flowers, with white upper



petals and sepals, and an off-white lip (Boivin 1960 in Johnson 1995), but it is not found
in the northeastern United States (Brown 1997).

List of synonyms:

Amerorchisrotundifolia (Banks) Hultén. Ark. Bot. 1. 7:34. 1968. (Luer 1975, Mitchell
and Sheviak 1981)

Amerorchisrotundifolia (Banks ex Pursh) Hultén. (Mitchell 1986, Haines and Vining
1998, MNAP rare plant fact sheet).

Amerorchisrotundifolia (Banks) Hultén f. beckettii (Boivin) Hultén. Ark. Bot. |1 7:34.
1968. The white flowered form. (Luer 1975).

Amerorchisrotundifolia (Pursh) f. immaculaae Mazurski and Laur. P. Johnson, forma
nov. (Johnson 1995)

Amerorchisrotundifolia (Banks) Hultén f. lineata (Mousley) Hultén. Ark. Bot. Il 7:34.
1968. The purple-lined flowered form. (Luer 1975).

Orchisrotundifolia Banksf. lineata (Mousley) E. G. Voss, comb.nov. Rhodora 68:462.
1966.

Orchisrotundifolia Banks f. beckettii Boivin. Nat. Canad. 87:42. 1960. (Luer 1975).

Orchisrotundifolia Banks var. lineata Mousley. Can. Field-Nat. 55:65. 1941. (Luer
1975).

Platanthera rotundifolia (Banks) Lindley. Gen. Sp. Orchid. 292. 1835. (Luer 1975).

Habenaria rotundifolia (Banks) Richardson in Franklin. Journey 750. 1823. (Luer 1975).

Orchisrotundifolia Pursh. (Voss 1972).

Orchisrotundifolia Banks (Nylander 1918; Gleason and Cronquist 1991).

Orchisrotundifolia Banks ex Pursh. Fl. Am. Sept. 2:588. 1814. (Correll 1950, Luer
1975).
The common namein Greenlandic is Isgammassaaq, and in Danish is Rundbladet

RhizomgUgeurt (Danish Polar Center 2001)

SPECIESBIOLOGY

The diploid number for Amerorchis rotundifolia is 42 (Angelo and Boufford
2000).

Dormancy

Dormancy is common to terrestrial orchids (Hutchings 1987, Vitt 1991) and isa
feature of Amerorchis rotundifolia (Gawler 1983). This aspect of the orchid life cycleis
not well understood and may be a response to herbivory (Vitt 1991). Dormancy is
difficult to distinguish from mortality, especially in short-term studies (Menges 1991).

The maximum dormancy of most orchids, excluding Isotria medeoloides which
has a prolonged dormancy (Brumback and Fyler 1996), is usually less than three years,



with longer periods of dormancy infrequent (Hutchings 1987, Mehrhoff 1989, Tamm
1991). Hutchings (1987) notes that absence after a year does not indicate mortality, nor
does presence of a new plant within three years indicate recruitment. Dormancy duration
is not specifically indicated in the literature for Amerorchis rotundifolia.

Pollination

The specific pollinators for Amerorchis rotundifolia are unknown. Only 2 Orchis
species are nectariferous (Dafni 1987). Van der Cingel (2001) reports that Amerorchis
rotundifolia flowers are nectar-free and scentless, and that the species mostly reproduces
vegetatively. In her study of Goodyera in northern Michigan, Kallunki (1981) noted that
one species has no odor perceptible to humans, but commented that the odor may be
perceptible to pollinators and that insects have a more sensitive sense of smell than
humans. Perhaps the same would be true for Amerorchis.

A genera background on orchid pollination, especially for orchids similar in
habitat and taxonomy to Amerorchis, is presented, in the hopes that it will set the stage
for further research. Almost al orchids are pollinated by one or a few species of insects
(Gawler 1983). Some orchid species use sexua deceit by pseudocopulation with
protandrous bees (male bees emerge before females), and there are examples where male
bees and wasps will prefer the orchid flower over the female insect (Dafni 1987,
Berliocchi 2000). Optical cues also can provide food deceit by inexperienced bees, such
as bumblebeesin spring. Sexual or food deceit was not specified for Amerorchis.

Most orchids are pollinated by bees and wasps, and floral structure in many
orchid species evolved related to bees (Christensen 1994). Dipterans are the next most
important insect pollinator group (Christensen 1994), though they are generally poor
pollinators (Christensen 1994, Dick Dearborn, Maine Forest Service Entomology
Laboratory, personal communication). They fly back and forth haphazardly, visit
unspecialized flowers, and forage for their own metabolic needs. Flies are more
important pollinators with tropical than terrestrial orchids (Christensen 1994). In the
subtribe Orchidinae, bees, wasps, moths, butterflies are the important pollinators; flies are
frequent visitors, though less important in pollination (Christensen 1994). The following
orchid genera are known to be visited by the following fly families (Christensen 1994):
Orchis Tachinidae; Platanthera, Culicidae, Empididae; Epipactis, Syrphidae,
Coelopidae, Sarcophagidage; Listera, Tipulidae, Mycetophilidae, Sciaridae, Empididae,
Syrphidae, Tachinidae; Liparis, Sarcophagidae; Malaxis, Mycetophilidae; and
Corallorhiza, Empididae, Syrphidae. Many of these orchid genera and fly families are
found in or near areas where Amerorchis occurs (personal observation, MNAP field
forms). Pollinators of Platanthera obtusata, a species of cool coniferous forests and
northern white-cedar swamps, are several species of nectar-feeding female mosquito in
the genus Aedis, and moths (Raup 1930, Gorham 1976, Brackley 1985). Polliniaare
cemented to the eyes of the insect when it inserts its proboscis into the flower spur for the
nectar reward (Gorham 1976, Christensen 1994, Van der Cingel 2001).



An Orchis species with flowers similar in appearance to Amerorchis rotundifolia
(Orchisustulata L., found in the Austrian Alps) is pollinated primarily by Echinomyia
magnicornis (Tachinidae) (Christensen 1994). Thisisan Old World fly genus present in
North America, but no details are provided regarding distribution or habitat (Nearctica
2001). However, between 1909 and 1959, about 4500 Echinomyia magnicornis
Zetterstedt (=Tachina vernalis Robineau-Desvoidy) adults were released into New
England as part of an attempt to find suitable parasites for the gypsy moth (Dick
Dearborn, personal communication). This species has not been recovered in sampling
efforts, possibly because it has not established here, it has been missed in sampling
(likely if the fly established on a host other than the gypsy moth), and/or because these
are adifficult group to work with and they have been undersurveyed (Dick Dearborn,
personal communication). Another Orchis species, Orchis maculata (=Dactylorhiza
maculata) is pollinated by Empis livida (Empididae) (Darwin 1877 in Christensen 1994).
Almost 90 species of Empis flies are present in North America, but no details are
provided regarding distribution or habitat (Nearctica 2001).

Though ants are unlikely pollen vectors worldwide due to antibiotic secretions on
their body surface, relatively more ant pollination may be expected with orchids because
their pollinia could be attached by stigmatic secretions or viscidium, and thus avoid the
ant’ s antibiotic secretions (Peakall 1994). However, ants are unlikely pollinators where
plants are widely spaced, and ant-orchid interactions are known in only 3 of 6 subfamilies
including Epidendroideae, Vandoidea, Orchidoideae (the subfamily to which Amerorchis
belongs) (Peakall 1994). Patches of Amerorchis were found at the two large Maine
populations in northern white-cedar swamps, and though plants within the patches were
fairly close to each other, many patches were quite widely spaced (personal observation).
It is unclear how this would affect the possibility of ant pollination with this species.

Reproduction

Amerorchisrotundifolia typically blooms from late June to mid July through most
of its range (Gibson 1905, Morris and Eames 1929, Case 1964, Cameron 1976, Whiting
and Catling 1986, Chapman 1997), though Correll (1950) notes that it blooms as early as
March in Alberta. The age of reproduction for Amerorchis rotundifolia is not indicated
in the literature, though Stuckey (1967) notes that many native orchid species must be 12-
16 years old before they can produce seed. Van der Cingel (2001) reports that
Amerorchis rotundifolia mostly reproduces vegetatively. This should be investigated for
New England occurrences.

Orchid seeds are dustlike and are produced in large numbers (Case 1964).
Darwin (1888 in Arditti 1967) counted 6200 seeds/capsule of Orchismaculata. Orchid
seeds are light and buoyant (Arditti 1967), highly mobile (Sheviak 1990), and can travel
long distances by air (Case 1964, Summerhays 1951 in Arditti 1967) and water currents
(Case 1964, Ames 1948 in Arditti 1967). Antsor birds can transport some orchid seeds
(Anonymous 1915 b and 1923b in Arditti 1967). Rasmussen and Whigham (1998a) state
that orchid seeds are “so small practically nothing is known about their fate in the soil.”



Their small size minimizes the requirement for maternal investment (McKendrick et al.
2000a).

The movement of seeds upon reaching the ground may be influenced by surface
roughness of the ground and distribution of wind speeds (Johnson and Fryer 1992). My
impression from bogs | visited was that Amerorchis occurs in fairly level areas (versus
distinct hummocks or deep hollows), with Hylocomium splendens and other mosses (field
forms list Drepanocladus vernicosus as dominant in one plot), and fine-leaved sedges
(field forms list Carex disperma and C. trisperma), thus fine-scaled microtopographical
roughness exists in areas where Amerorchis grows. Perhaps this fine-scaled
microtopography acts to trap orchid seeds via actual physical roughness or reduced wind
speeds. Generally | would expect wind speedsin interior areas of northern white-cedar
swamps to be low, except during high wind events (personal observation). Even so, the
small size and light weight of orchid seeds would likely allow them to utilize even the
lightest winds for dispersal.

Germination/Regeneration

An important factor in regeneration of any speciesis the concept of safe
regeneration sites and the germination niche, as per Grubb (1977). Menges (1991)
indicates that the safe site/regeneration niche microsite number and distribution may be
more important to plants than the total habitat area.

The texture of bryophytes may provide safe germination sites for tree seeds in
northern white-cedar swamps (Johnson and Fryer 1992, Ohlson and Zackrisson 1992, St.
Hilaire and Leopold 1995); perhaps the same would be true for orchid seedsin similar
habitats, allowing that other factors needed for germination (such as mycorrhizal
symbionts and photosynthetically active radiation) are also present. Bryophytes may
affect orchid germination and establishment, potentially due to: depth and growth form of
the bryophyte (Harmon 1989, Harmon and Franklin 1989); moisture relations (K eizer et
al. 1985); nutrient interruption/transfer (Tamm 1964, Oechel and Sveinbjdrnsson 1978,
Richardson 1981, Chapin et a. 1987, Bates and Farmer 1990, Carleton and Read 1991,
Longton 1988, 1992); fungal associations (Pocock and Duckett 1985, Carleton and Read
1991); and release of growth regulatory compounds (Cox and Westing 1963, Arditti
1967, Huneck and Schreiber 1972, Huneck and Meinunger 1990). For tree seedlingsin 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 survival (St. Hilaire and Leopold 1995). Some mosses
(e.g., Sphagnum species) can overgrow tree seedlings and inhibit their survival (Ohlson
and Zackrisson 1992); perhaps the same would be true for orchid seedlings in moss
microhabitats. Stuckey (1967) indicated that newly germinated seedlings of Cypripedium
reginae died under athick mat of Sphagnum because of increased acidity. Overgrowth,
asindicated by Ohlson and Zackrisson (1992), may also have been a factor. Overgrowth
would affect any seedling, and acidity is likely to be a detrimental factor for Amerorchis,



which typically grows in calcareous northern white-cedar swamps. Arditti (1967)
suggests that algae may be a source of a growth-stimulating factor for orchids.

Orchid seedlings associated with mosses include Cypripedium calceolus
(Rasmussen and Whigam 1998a), Platanthera blephariglottis, and Dactylorhiza fuchsii
(Case 1964, Leeson et a. 1991 in Rasmussen and Whigham 19984). Orchis ustulata,
Epipogium aphyllum, and Corallorhiza trifida seedlings have been recorded in humus
and decomposing litter (Rasmussen and Whigham 1998a and references therein).
Rasmussen and Whigham (1998a) looked at the germination of Tipularia discolor on
wood and showed that seed germination was enhanced by the presence of decomposing
wood. They believe this and other organic debris matter should be investigated as a
requirement for germination, and that this could be important for restoration efforts.
Amerorchisrotundifolia plants at the two large populations in Maine were primarily
associated with mosses, and also with sedges, in small glades in northern white-cedar
swamps (personal observation). The role of bryophytes and woody debrisin Amerorchis
ecology is an areafor further research. The fungal symbiont may depend on woody
debris, and woody debris itself may start afungal succession leading to a symbiont on
which Amerorchis depends.

For tree and herb seedlings, favorable germination sites are not necessarily sites
most favorable for survival (Harmon and Franklin 1989, Collins 1990, Kellman and
Kading 1992, Ohlson and Zackrisson 1992, Smith and Capelle 1992, St. Hilaire and
Leopold 1995). For Amerorchis thisis an area needing further research.

Orchid shoot buds are formed the year prior to growth (Mehrhoff 1989, Sheviak
1990, Light 1998), and even up to two years prior to growth (Light 1998). If the shoot
growth is destroyed (e.g., from late frost, foraging animals, disease, accident, or poor
management practices), an orchid cannot replace lost tissues until the following year.
The root system remains, and a new bud may form, or a dormant bud may enlarge, but
the dormant buds will not initiate growth (Sheviak 1990). In Cypripedium, plants that
lose growth prior to midsummer commonly appear the next season, but do not flower
(Whitlow 1983 in Sheviak 1990). In several speciesof Platanthera, the usual result of
shoot loss before or during bloom is plant mortality (Sheviak 1990), though P.
leucophaea and P. praeclara may survive (Bowles 1983 in Sheviak 1990). Bud
development at flower time in the two latter Platanthera species is more advanced than in
related species; this may contribute to its survivability after shock (Sheviak 1990). The
status of Amerorchis bud development is unknown. It will be important to determine this
in Amerorchis, especidly if a management experiment is to be conducted.

A surgeon named John Harris was the first to note that orchid seeds will
germinate if scattered at the base of the mother plant (Anon 1893 in Arditti 1967). This
knowledge was used commercialy, especialy prior to Knudson's work on non-symbiotic
germination of orchid seeds (see references in appendix 1). It should be noted that new
plants appearing close to an existing plant may not necessarily be recruited from seed;
they may represent vegetative reproduction. Hutchings (1987) could not determine if



new rosettes of the early spider orchid appearing close to existing rosettes were recruited
from seed or vegetatively since destructive sampling was prohibited.

Seeds of many orchid species germinate in spring after a period of dormancy in
the soil over the winter (Rasmussen and Whigham 1993). Abscisic acid is afactor in the
dormancy of other plants, and it has been suggested that this hormone may have a similar
effect in orchids (Van der Kinderen 1987 in Arditti et al. 1990). The effects of
temperature on the germination of orchid seeds are mixed (Arditti et al. 1990). Available
evidence suggests that seed coats are not a factor in dormancy, though they have been so
implicated (Arditti et al. 1990 and references therein). Arditti et al. (1990) did not find
good evidence for dormancy of orchid seeds and indicated that dormancy as a factor in
germination had been proposed based purely on speculation. However, light may inhibit
the germination of some temperate orchids, though specific genera were not indicated
Arditti et a. 1990).

Most orchid germination information comes from in vitro studies (Arditti et a.
1990; Rasmussen and Whigham 1993; Marilyn Light, University of Ottawa, persona
communication). Amerorchis rotundifolia seeds (from Alberta) germinated to an
advanced stage (leaf becoming green after 21-27 weeks) on Fast’s synthetic medium, a
substrate used for asymbiotic germination tests (Smreciu and Currah 1989). Embryos
developed to the point that they were swollen and had a cracked testa after 18-27 weeks
on Warcup's cellulose agar (WCA), utilized as a control. The WCA substrate was
inoculated with various fungi. Sistrotrema sp. (obtained from orchid mycorrhizae) and
Ceratobasidium cereale (from a pathogenic source) inhibited embryo swelling, with no
seed development after 27 weeks. Protocorm development occurred on plates inocul ated
with Rhizoctonia solani and Thanatephorus pennatus (both from orchid mycorrhizae);
seedlings devel oped to the point where the embryo was 2-3 times enlarged and had
apparent rhizoids after 5-11 weeks. Neither Rhizoctonia solani (from pathogenic source)
nor Ceratobasidium obscurum (isolated from Amerorchis rotundifolia) had any effect on
germination; seeds developed to the same stage as on controls (Smreciu and Currah
1989). Seed viability was not tested in this study. The authors noted that only a small
number of seeds germinated, and it was unknown if this was due to dormancy or low
viability.

In afield germination experiment, Rasmussen and Whigham (1993) noted that
Galearis spectabilishad a germination rate of 7.4% (+/- 2.2% [SE]) to 10.2% (+/- 2.5%)
in the absence of a compatible fungus. The seeds in the study had a split testa but no
fungal infection, and there was no further growth 62 weeks after sowing. Their methods
(utilizing retrievable seed packets constructed of plastic photographic slide mounts and
plankton netting) could be used to study field germination and seedling development of
Amerorchisrotundifolia.



Mycorrhizal Associations

Fungi have long been noticed with orchid roots, but it was not until 1899 that it
was realized that fungi play arole in germination (Arditti 1967). Mycorrhizal fungi
initiate germination of orchid seed (Arditti et al. 1990, Clements 1988) and supply early
developmental stages with an exogenous source of carbon (McKendrick et al. 2000a),
though the seeds themselves do not carry endophytic fungi (Warcup 1981b in Clements
1988).

In the early 1920’s, Knudson was the first to germinate orchid seed
asymbiotically in the lab (Arditti 1967, original referencesin Appendix 1). It has been
suggested that the fungus provides an exudate with vitamins, hormones, specific sugars,
amino acids, and/or other small molecules (Knudson 1925 in Clements 1988). This has
not been supported by experimental evidence, which indicates that the physical presence
of the live fungus is necessary for germination (Clements 1988, Arditti et al. 1990). This
suggests the possibility that temperate orchids may require cellular contact, cell-surface
signaling, an €licitor-type molecule, or a plasmid (Arditti et a. 1990).

Orchid species differ in germination strategy, and site and orchid/fungus
specificity play arole in seedling establishment (Rasmussen and Whigham 1993).
Orchid/fungus system specificity, known mostly for Australian species, can be extreme in
temperate terrestrial orchids and may also be a reason for non-germination (Arditti et al.
1990 and references therein).

Not al fungi isolated from orchid roots can support germination (Smreciu and
Currah 1989, Arditti et al. 1990 and references therein, Rasmussen and Whigham 1993
and references therein, Marilyn Light, personal communication). For terrestrial
Australian orchids, the less vigorous fungal isolate best supports germination, and the
same may be true for other temperate terrestrial orchids (Clements 1981 and 1982 in
Arditti et al. 1990). Ceratobasidium obscurum has been isolated from Amerorchis
rotundifolia roots, but it does not affect germination (Currah et al. 1987, Smreciu and
Currah 1989).

Terrestrial orchid protocorms can live as parasites on fungi, living underground
for weeks, months, and even years after germination (Rasmussen and Whigham 1993).
The usual time between seed dispersal and production of the first foliage leaf is 2-4 years,
but estimates vary considerably (Rasmussen and Whigham 1998b and references therein)
and can range up to 15 years (Whigham and Willemsin press). The length of the
underground phase is unknown in Amerorchis

Inan in vivo experiment with Dactylorhiza maculata, Van der Kinderen (1995)
noted that seeds almost immediately produced epidermal hairs, suggesting that these
structures are important for establishment of symbiotic fungi. Although seeds germinated
readily after 3.5 months incubation in soil, many of these were dead or parasitized after
15 months. In vitro studies have shown that vigorous mycelia may destroy orchid seeds
(Arditti et a. 1990). Because mycorrhizal fungi are potential pathogens of other plants, it
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is necessary for the orchid to control the infecting hyphae (Clements 1988). Without
such control, the invading fungus could destroy the orchid. The mechanism for such
control has yet to be determined, but it has been suggested that it may be similar to the
control mechanisms between legumes and Rhizobium bacteria that use mRNA (Clements
1988).

Mycorrhizal fungi known to be associated with Amerorchis rotundifolia from
Alberta are Ceratobasidium obscurum Rogers and Phial ocephala fortinii Wang and
Wilcox (Currah et a. 1987, Smreciu and Currah 1989). Other mycorrhizal species
reported from orchids include Rhizoctonia repens Bernard “a ubiquitous orchid
endophyte” (Currah et al. 1987, McKendrick et al. 2000a), Leptodontidium orchidicola
Sigler and Currah “found in awide range of terrestrial orchids’ (Currah et al. 1990),
Ceratorhiza spp., and Epulorhiza spp. (Zelmer 1994).

For most orchids, the myco-heterotrophic juvenile phase is followed by an
autotrophic adult phase, but associations with early fungal symbionts are retained
(McKendrick et a. 2000a, 2000b). Corallorhiza trifida isan achlrophyllous species that
is myco-heterotrophic as an adult. Thereis evidence that Corallorhiza species obtain
carbon from surrounding photosynthetic plants via shared ectomycorrhizal fungi (Bruns
et a. 2000). The proximal host is a fungus mutualistically associated with trees, the
ultimate carbon source (Bruns et a. 2000). A short term **C tracer established direct
trangport of carbon from Salix repens and Betula pendula (but not from Pinus sylvestris)
to C. trifida in a Scottish study (McKendrick et al. 2000b). Campbell (1970 in Homoya
1993) showed a mycorrhizal connection between the rhizome of Corallorhiza trifida and
theroots of Thujaand Picea. Nutrients were transferred from the tree to the orchid via
the mycorrhizae. In boreal sitesin Alberta, Canada, an as yet unidentified
endomycorrhizal symbiont of C. trifida formed in vitro ectomycorrhizae with Pinus
contorta (Zelmer 1994; Zelmer and Currah 1994).

Hyphal transfer of carbon between plants interconnected by a common
mycorrhizal mycelium may be especially important in supplementing carbon
requirements of shaded understory plants (McKendrick et al. 2000b). This occurs
between some autotrophic species; one study showed that shaded Pseutotsuga menziesii
received about 6% of its carbon from unshaded Betula papyrifera (Simard et al. 1997 in
McKendrick et al. 2000b).

Thisis of interest because Corallorhiza trifida, Thuja occidentalis, and Picea
mariana all occur in the same habitat as Amerorchis rotundifolia. Perhaps autotrophic
orchids depend on fungal connections with surrounding trees at the protocorm stage, or
even as fully autotrophic adults. Phialocephala fortinii (found with Amerorchis
rotundifolia in Alberta) was originally described from pseudomycorrhiza of Pinus
resinosa and P. sylvestris in Finland, and is a member of a group of fungi that are
typically found with conifers (Currah et al. 1987, June Wang, State University of New
Y ork College of Environmental Science and Forestry, personal communication). It has
also been isolated from conifer roots and soil in New Y ork (Pack Forest, Warrensburg
and Whiteface Mountain in the High Peaks of the Adirondacks), New Hampshire
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(Hubbard Brook), Maine (Kussuthe), Germany, and Switzerland; it is likely worldwide in
distribution. This fungus is pathogenic in conifers, but environmental conditions may
moderate this pathogenicity. It was not pathogenic in orchids in Alberta, nor in lupinesin
Oregon (June Wang, personal communication). It should be determined if this fungusis
mycorrhizal with Amerorchis rotundifolia in New England, it if it is aso mycorrhizal
with surrounding trees, and if hyphal transfer of carbon or other nutrients occurs between
the trees and Amerorchis at the protocorm or adult stage.

The expansion or decline of orchid populations may be greatly influenced by
processes that determine germination and survival of seedlings, and to date, great spatial
and temporal variability in seedling establishment appears to be the rule in terrestrial
orchids (Rasmussen and Whigham 1998a). Fungal switching during the lifetime of an
orchid has not been documented, but it has been suggested that the symbionts that play an
important role in orchid seedling development are replaced by others in adults (Zelmer et
al. 1996 in Rasmussen and Whigham 1998a). Marilyn Light (personal communication)
notes that there are a variety of fungal associates with orchid roots, many of which will
not support germination, but may be useful for water and phosphate uptake.

Clements (1988) experimentally demonstrated that the fungus chances upon
orchid seeds, rather than there being a specific mechanism to attract one organism to the
other. He suggests that a similar mechanism probably operates in the wild, and that seeds
landing in the general vicinity of the “correct” mycorrhizal fungus have a good chance of
eventually being infected and germinating. His experiments support species-specific
relationships between orchids and fungi, and he and others suggest that the distribution of
adult orchids is based on the distribution of the fungi that initiate symbiotic germination
(Clements 1988, McKendrick et al. 2000a). This may at least be true for the
establishment phase, provided other factors are suitable, especially for long-lived orchids
(Marilyn Light, personal communication). Experiments have suggested that fungal
partners can vary considerably across the range of a given orchid species (Marilyn Light,
personal communication).

Determination of the fungal partners of adult Amerorchis rotundifolia in New
England, and those necessary for germination, would be a huge contribution to the
population biology of this species. Positive identification of the fungal symbiontsis
crucial. Phialocephala fortinii is difficult to identify, and it has frequently been called a
Cenococcum (June Wang, personal communication). Van der Kinderen (1995) believes
that knowledge of mycorrhizal associates is especially useful for cultivating endangered
species, and that collected plant material could be used to start additional controlled
cultures of protocorms or mycorrhizal fungi. Detailed knowledge of reproductive and
competitive strategies used by terrestrial orchidsis also vital to efficient conservation and
management programs (Currah et al. 1990).



Herbivory

The small black weevil, Stethobaris ovata, is known to feed on avariety of
orchids and other plants (Marilyn Light, personal communication). The weevil’s first
generation emerges in spring and feeds on orchid flowers, including Galearis spectabilis
and Cypripedium pubescens, and al'so on Maianthemum canadense. Oviposition occurs
on the flower scapes and ovaries of Galearis and Cypripedium. The second generation
emerges late July to mid August, feeds on Epipactis helleborine flowers, and oviposits in
stems and fruits of Epipactis and Cypripedium pubescens This weevil is considered a
pest and can considerably reduce seed yield (75% of fruits affected in C. pubescens in
2000, an as yet unpublished study). The small black weevil has not been observed on
Amerorchis, but if other species that it uses are present, a weevil population could also be
present (Marilyn Light, personal communication). This deserves a closer look with our
New England populations, as Cypripedium pubescens occurs at the sites where
Amerorchisis present. Epipactishelleborineis also likely to occur at these sites, and if it
does not presently occur at these sites, it may soon as it is colonizing many areas of
Maine (Jill Weber, Consulting Botanist, personal communication).

Deer have been observed foraging on Cypripedium acaule and Habenaria
psycoides, and in an experimental deer exclosure, rabbits ate Habenaria blephariglottis
and Cypripedium acaule (Stuckey 1967). This same author notes that orchids do not
provide amajor portion of these herbivore' s diets because there is usually abundant
forage among other plant species in June and July, and by August when forage is scarce,
most orchids have set seed and disappeared (Stuckey 1967). A small population of
Cypripedium reginae in a northern white-cedar swamp in central New Y ork showed
evidence of deer herbivory (personal observation; the deer ate all the flower buds). Deer
have browsed Cypripediumreginae in at least one of the extant Amerorchis rotundifolia
sitesin Maine (Jill Weber, personal communication). Herbivory of other species may
decrease competition with other plants and increase light and moisture availability (Case
1964, Stuckey 1967). The cyclical nature of the deer herd population affects orchids in
places such as northern white-cedar swvamps. Case (1964) notes an example where over-
browsing created open glades which had large numbers of Cypripediumreginae. Asthe
herd decreased through overpopul ation, starvation, and subsequent reduction by hunting,
the orchid population declined and mostly disappeared within 10 years.

HABITAT/ECOLOGY

The habitat of Amerorchis rotundifolia has been variously described (see
Appendix 2). The habitat for the five current occurrences in Maine, and one of the new
occurrences, is northern white-cedar swvamp. Thisis also the title of the natural
community in the new community classification for Maine (Gawler 2001). The National
Vegetation Classification for this community is Thuja occidentalis/Mitella
nuda/Hylocomium splendens Saturated Forest (Gawler 2001, NatureServe 2001). This
community occurs in Maine (ranked $4), New Hampshire (titled “boreal acidic northern
white-cedar swamp”, ranked S1), Vermont (ranked S3), Connecticut, and New Y ork
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(NatureServe 2001, and individual state heritage programs). The habitat for the other
new occurrence in Maine is northern white-cedar seepage forest, which is now called
cedar-spruce seepage forest (Gawler 2001). The National Vegetation Classification for
this community is Thuja occidentalis-Equisetum spp. Saturated Seepage Forest (Gawler
2001, NatureServe 2001). This community occursin Maine (ranked S3), New
Hampshire (titled “seasonally saturated northern white-cedar seepage forest”, ranked S3),
Vermont, and New Y ork (NatureServe 2001). Vermont Nongame and Natural Heritage
lists “ northern white-cedar sloping seepage forest” as a variant of northern white cedar
swamp, but does not give the National Vegetation Classification or arank for this variant.

In Maine, the northern white-cedar swamp is represented by a closed-canopy
forest of Thuja occidentalis, often with Picea mariana or Acer rubrum (Gawler 2001).
There is awell-developed herb layer, with small cedar trees and an array of borea herbs.
Hummock-hollow topography carpeted by alush bryophyte layer is characteristic. This
community is typically found in poorly drained basins along streams or small ponds. The
substrate is usually shallow peat over mineral soil, with a somewhat acidic to
circumneutral pH (Gawler 2001). The cedar-spruce seepage forest community in Maine
is characterized by a closed-canopy forest of Thuja occidentalis, alone or with other
conifers, maple and birch are rarely present. There are extensive herb and moss layers,
with feather mosses typically more abundant than Sphagnum mosses. These
communities are found on gentle slopes, or at the base of slopes and are groundwater-fed,
have mineral soils, and perhaps a shallow peat layer (Gawler 2001).

The most important habitat feature cited for Amerorchisis cold soil, and other
features such as light and moisture can vary (Case 1964). In our region (Region 1),
Amerorchisrotundifolia is classified as an Obligate Wetland species, meaning that it
almost always occurs in wetlands (estimated probability 99%) (USDA, NRCS 2001).
Nationaly, it is classified as a Facultative Wetland/Obligate Wetland species, indicating
that it is occasionally found in non-wetlands.

Northern white-cedar swamps are generally found in minerotrophic situations,
versus other forested peatlands, which tend to be in ombrotrophic situations (Christensen
et a. 1959, §ors 1959, Heinselman 1970, Veery 1975, Collins et a. 1979, Schwintzer
1981, Seischab 1984, Mamer 1986, Wilcox et al. 1986, Kenkel 1987, Crum 1988).
Water and nutrients in minerotrophic peatlands are received from ground water, surface
runoff, and precipitation (Heinselman 1970, Moore and Bellamy 1974, Mitch and
Gosselink 1986, Crum 1988, Siegal 1988, Boeye and Verheyen 1992). Hydrology plays
amagor 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 ground water moves
upward, though recharge and discharge volumes are small versus inputs and losses from
precipitation, runoff, and evapotranspiration (meaning chemical quality is more important
than water quantity) (Siegal 1988). Humified peat can cause significant interactions
between groundwater and surficial waters (Chason and Siegal 1986). Vascular plants,
especialy sedges, contribute to the peat formed in northern white-cedar swamps where
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groundwater is rich in calcium, magnesium, iron, and carbonate (V erhoeven and Arts
1987)

Natural processes such as windthrow, flooding, fire, drainage, drought, and
cutting/heavy browse can affect the northern white-cedar swamp community and can
cause community changes (St. Hilaire 1994). Windthrow of afew trees does not change
community structure (Curtis 1946, 1959) and may benefit Amerorchis by increasing
microsite variability within the swamp and by providing somewhat more light, provided
light levels are not excessive. Windthrow of many trees may cause a changein
community structure to arich sedge fen (St. Hilaire 1994). Flooding may aso change
community structure and result in arich shrub fen, rich sedge fen (Schwintzer and
Williams 1974, Jeglum 1975), or marsh (Catenhusen 1950, Kenkel 1987). Beavers,
roads, railroads, ditches, pipelines, and dams can cause flooding upstream of a peatland
or drainage downstream (Catenhusen 1950, Stoeckeler 1967, Boelter and Close 1974,
Jeglum 1975, Schwintzer and Williams 1974, Rowell 1986, Johnston 1990, Klinger et .
1990, Jacobson et al. 1991). Drainage and drought can lead to the invasion of pines,
balsam fir, and hardwoods, and also to an increased fire frequency (Catenhusen 1950,
Christensen et a. 1959, Curtis 1959, Crum 1988). Superficial fires do not affect
community structure, but medium 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). Cutting/heavy brows, and also fire, may lead to a black ash/red
maple swamp forest (Gates 1942, Johnston 1990). These community changes are not
beneficial to Amerorchis.

One of Maine' s two large Amerorchis populationsis at a site that has an old
railroad bed to itswest. West of the railroad bed is an alder swamp. Beaver activity has
been noted along this railroad bed (9/98 correspondence between TNC Steward and
MNAP office), but there was no indication if the beaver population has increased here.
Beaver harvest rates continue to be low, and beaver pelt prices are fairly low (about $20,
IFW Web Page), so it islikely that if beaver are a problem, trapping pressure would be
insufficient to control the population. The presence of the railroad bed at this site leads
me to think that fire may have played arole herein the past. A railroad built in 1893
through another wetland in Maine (Crystal Fen) caused an increase in fire frequency due
to sparks from steam locomotives (Jacobson et al. 1991). Fire frequency declined after
steam |locomotives switched to diesal in 1950. In Massachusetts, steam |locomotives were
responsible for 25% of forest fires between 1916 and 1929, versus only 1% of forest fires
due to lightning (Averill and Frost 1933). The disturbance history of ME .001 (Perham)
may be worth looking at, as it likely contributed to the formation of natural communities
inthe area. Also, the disturbance history of a site is helpful in creating management
plans (Rowell 1986).

THREATSTO TAXON

Timber harvest (typicaly for cedar fence posts) and general habitat destruction
are the mgjor potential threats to Amerorchis (Eastman 1977, Gawler 1983, Brown 1997).

15



Pesticide application in adjacent uplands may aso be a threat, at least for some
populations (as for ME .006; Jim McGowan, Preserve Design File). Eastman (1977)
notes any activity that impedes the lateral flow of groundwater such as filling, dredging,
and peat mining is athreat. He recommends limiting access when Amerorchis is
inconspicuous to avoid trampling.

Orchid populations are often ephemeral because many species are colonizers but
poor competitors (Sheviak 1990). For example, Liparis will colonize a windthrow within
afew years of disturbance, increase its population, then eventually decrease, and die out
as the canopy closes (Sheviak 1990). Changing land use is a threat to orchids in general,
especially so for orchids of more open areas when woody plants increase due to land
management changes (Stuckey 1967; Tamm 1972 in Rasmussen and Whigham 1998a).
Case (1964) noted an increase in populations of Cypripedium reginae and Cypripedium
calceolus in power-line cuts versus adjacent areas of the orchid populations in shade.
Amerorchisrotundifolia, however, did not respond well to this power-line cut, and after
ten years had not reappeared in the opening, though it grew nearby in an undisturbed area
(Case 1964). See adso the discussion under ME .006 (Chapman), where it appears that
logging has disturbed the area such that it will no longer support an Amerorchis
popul ation.

In Alaska, Amerorchis flowers are harvested for a small commercial enterprise.
The Alaskan Flower Essence Project lists Amerorchis rotundifolia on their web site
(Alaskan Essences 2001) and states that its essence is used as “support to live more
deeply in our hearts and maintain that position in times of confusion and chaos; promotes
equanimity, balance, and awareness of center; helps us get to and stay with the core of an
issue without being distracted by all the energy at the periphery.” Healthy flowers are
harvested at the peak of their bloom cycle, and their vibrational energies are captured and
bottled for use. | rather doubt that harvest for medicinalsis athreat in New England.

Collection of any orchid species for wild supplied horticultura collectionsis,
however, a potentia threat (Mitchell and Sheviak 1981). Propagators of rare North
American terrestrial orchids, some of whom sell wild-collected plants, can be found on
the Internet (Gardens of the Blue Ridge 2002, Native Sons Nursery 2002). These sites do
not offer Amerorchis, though they do offer other rare orchids. Trampling of young,
inconspicuous plants by photographers is also a potential threat for orchids (Light 1998).

DISTRIBUTION AND STATUS

General Status and Distribution

Amerorchisis apparently globally secure, with aranking of G5. Amerorchis
grows in North America from Greenland to Alaska, in al Canadian provinces, and
southward into a few northern states (Figure 1, Correll 1950, Case 1964, Luer 1975,
Chapman 1997). Amerorchis does not grow on other continents. In Newfoundland,
Amerorchis only found between Cook’s Harbour and Burnt Island (Boland 2001a) on the
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Great Northern Peninsula, where it is listed as rare (Boland 2001b). Fernald (1926)
mentions collecting Amerorchisin the Big Brook area of Newfoundland. In New
Brunswick, Amerorchisislisted as S1 and is primarily found in the northern areas of the
province in calcareous bogs, fens, and cedar swamps (Hinds 2000, Sean Blainey, Atlantic
Canada Conservation Data Centre, personal communication). Amerorchisis ranked 4S5
in Ontario (NatureServe 2001), where it is found mostly in northern Ontario in bogs,
fens, and wet coniferous forests, though dwarf plants are also found in the tundra near
Hudson Bay (Whiting and Catling 1986). The type specimen of Amerorchis rotundifolia
was collected at Hudson Bay, in 1814 by Pursh. The purple striped form (A. rotundifolia
f. lineata) has been found in Ontario on north shore Lake Superior (Elliot 1960, DeVitt
1961, Voss 1966, Whiting and Catling 1986). A white-lipped color form of A.
rotundifolia f. lineata was also found here (Johnson 1995). The al-white form (A.
rotundifolia f. beckettii) has been found in Manitoba (Boivin 1960 in Johnson 1995).
Amerorchisrotundifolia is ranked S2 in Quebec; S5 in Alberta, Manitoba, and
Saskatchewan; and SR in Newfoundland (Labrador and Island), Northwest Territories,
Nunavut, and Y ukon Territory (Table 1).

In the United States, except for New England, Amerorchis rotundifolia is ranked
asfollows: SX in New York; S1 in Michigan, Wisconsin, and Wyoming; S2/S3 in
Montana; and SR in Alaska, Minnesota, and New Jersey (Table 1, NatureServe 2001).
Case (1964) indicates distribution of Amerorchisin Montana, Wyoming, New Y ork,
Michigan, Wisconsin, and Minnesota, and that Amerorchis is more frequent in Minnesota
than at other U. S. locations. Amerorchis is considered extirpated from New Y ork, where
there are two historical records from the 1870's (Steve Young, New Y ork Natural
Heritage Program, personal communication), though Brown (1997) lists 4 historic sites
for Amerorchisin New York.
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Figure 1. Occurrences of Amerorchisrotundifoliain North America. States and
provinces shaded in gray have one to five current occurrences of the taxon. Areas shaded
in black have more than five confirmed occurrences. States with diagonal hatching are
designated "historic" or "presumed extirpated,” where the taxon no longer occurs. States
with stippling are ranked "SR" (status "reported” but not necessarily verified). See
Appendix 3 for explanation of state ranks).
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Table 1. Occurrence and status of Amerorchisrotundifolia in the United States
and Canada based on information from Natural Heritage Programs.

(S1)

(Newfoundland)
(R)

OCCURS & OCCURS& NOT | OCCURRENCE HISTORIC
LISTED LISTED UNVERIFIED OR (LIKELY
(ASSL,S2,0RT | (ASSL S2,0ORT | REPORTED (SR EXTIRPATED)
&E) & E) and SRF) (SH and SX)
Maine (S1, T): 7 Alberta (S5) Connecticut (SR): 1 | New Hampshire
extant and 1 location (Baldwin (SH): Badwin
historic 1884; Bronars, (1884) lists 6
occurrences personal locations; 1
communication) confirmed record
(Angelo, personal
communication)
Michigan (S1) British Columbia Alaska (SR) Vermont (SH): 5
(S?) historic
ocCcurrences
Montana (S2/S3) Manitoba (S5) Minnesota (SR) New York (SX): 4
historical areas
(Brown 1997); 2
historic locations
(Y oung, personal
communication)
Wisconsin (S1) Ontario (S4/S5) Idaho (SR)
Wyoming (S1) Saskatchewan (S5) | New Jersey (SR)
New Brunswick Labrador

Quebec (S2)

Newfoundland (SR)

Northwest
Territories (SR)

Nunavut (SR)

Y ukon Territory
(SR)

* If no information is given regarding number of occurrences, or if no citation is given,
the information is from the Nature Serve web site (www.natureserve.org)

19




Status of All New England Occurrences -- Current and Historical

Flora Conservanda lists Amerorchis rotundifolia as Division 2, which indicates it
isaregionally rare taxon with fewer than 20 occurrences in New England (Brumback and
Mehrhoff et al. 1996). In Maine, Amerorchisis ranked S1 by Maine Natural Areas
Program and is listed as Threatened. It isranked SH in Vermont, though it is likely
extirpated. Jerry Jenkins (personal communication) says that Amerorchis has been
looked for and not found by L.A. Charette in the 1950's or 1960's, then by Peter Zika and
himself in the 1980's, and perhaps since then by others. The New Hampshire Natural
Heritage Inventory has newly listed Amerorchis as SH based on the herbarium specimen
at Harvard (Sara Cairns, personal communication). NatureServe (2001) lists Amerorchis
as SR in New Hampshire, and Angelo and Boufford (2000) show distribution to include
northern New Hampshire. Angelo (personal communication) says there is a specimen at
Harvard's Oakes Ames Herbarium by Cyrus G. Pringle (1838-1911) with no date from
the "White Mts." in New Hampshire. NatureServe (2001) does not list Amerorchisin
Connecticut, and Connecticut’ s heritage program does not track it. | believe it should be
listed as SR for Connecticut. Baldwin (1884) and Williams (1902) make reference to a
credible written record (“Bishop’s List”) of Amerorchisin Connecticut. Lori Bronars
(Yae University’ s Kline Science Library, personal communication) determined that
“Bishop’s List” ismost likely A Catalogue of All Phaenogamous and Vascular
Cryptogamous Plants at Present Known to Grow Without Cultivation in the State of
Connecticut by James Nathaniel Bishop, Hartford Press, third edition, 1901 (first edition
1895). On page 19, "O. rotundifolia, Pursh. Norfolk - Robbins® is listed.

Scientific and common names for vascular plants are from Haines and Vining

(1998). Bryophyte common names are from Glime (1993); scientific names are from
Allen (1999).
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Figure 2. Extant occurrences of Amerorchisrotundifoliain New England. Town
boundaries for Maine, New Hampshire, and Vermont are shown. Towns shaded in gray
have one to five occurrences of the taxon.
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Figure 3. Historical occurrences of Amerorchisrotundifoliain New England. Towns
shaded in gray have one to five historic records of the taxon. An additional occurrence

has been noted from the "White Mountains' of New Hampshire, but no more specific
locality is given.




Table 2. New England Occurrence Recordsfor Amerorchisrotundifolia. Shaded
occurrences are considered extant.

State EO # County Town
ME .001 Aroostook Perham
ME .002 Aroostook Woodland
ME .003 Aroostook Perham
ME .006 Aroostook Chapman
ME .008 Piscataquis Dover - Foxcr oft
ME .009 Aroostook Fort Fairfield
ME NEW Ar00stook Big 20 Township
ME NEW Aroostook TI19R11 WELS
NH A ? White Mountains
VT .001 Addison Bristol
VT .002 Addison Monkton
VT .003 Addison Starks-boro
VT .004 Addison Bristol
VT .005 Addison Monkton

CURRENT CONSERVATION MEASURES IN NEW ENGLAND

The two largest known populations in New England are at sites owned by The
Nature Conservancy, and a TNC steward monitors them annually. Maine Natural Areas
Program has notified the landowner of the two newly discovered populations of the
significance of these locations (Andy Cutko, personal communication). This owner has
willingly set aside the areas where Amerorchis occurs and plans not to use these areas as

aforestry resource.

Amerorchisis listed by the Convention on International Trade in Endangered
Species Protection Status (CITES) as an Appendix 11 species. Export trade in species
from this list is allowed provided that trade will not be detrimental to the surviva of the
species and if the appropriate permits and certificates are obtained; import permits are not
necessary (CITES 2002).
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II. CONSERVATION

CONSERVATION OBJECTIVESFOR TAXON IN NEW ENGLAND

General conservation objectives for Amerorchisrotundifolia in New England are
to:

Secur e existence via conservation easement, site design, and habitat preservation
Maintain high population numbers at the two large sitesin Maine
(approximately 400-500 individuals at ME .002 [Perham] and approximately
2000-3000 at ME .003 [Woodland])

I ncrease population number s at the smaller sites in Maine such that the numbers
reflect a similar percentage of habitat occupied as at the larger sites, preferably in
the range of several hundreds of individuals (this may be unrealistic)

Reintroduce populations at appropriate historic sitesin Vermont (a low priority
objective)

Monotypic genera or families deserve highest conservation priority as they may
play a unique evolutionary role or represent a distinct evolutionary line (Holsinger and
Gottlieb 1991). Habitat conservation and management are important to maintaining
biological diversity in general (Shaffer 1987), and this would be even more important
when that habitat contains a taxonomically unique species. The habitat for the two
largest populations of Amerorchisin New England is under conservation ownership, and
the areas where Amerorchis occurs at the two new Maine populations has been set aside.
Conserving viable plant populations in their natural habitat is the goal of conservation
land managers (New England Wild Flower Society 1992) and should be the goal with
Amerorchis. Site design, protection, and habitat management are the three steps used to
conserve rare plants in their natural habitats (New England Wild Flower Society 1992).
In general, these should be the goals at all Amerorchis sitesin Maine, and in part have
been implemented at the two largest populations and the two new populations. Site
design and protection should be the conservation objective for populations on private

property.

Programs that combine approaches of representative display in a botanical garden,
establishment of anew population at a distant site, and off-site seed banking are most
likely to succeed (Falk 1991). These approaches may be worth pursuing after the initia
conservation objectives are met.

24



IIl.LITERATURE CITED

Alaskan Essences. 2001. Alaskan Flower Essence Project. Available at
http://www.al askanessences.com/research-essences-1.htm.

Allen, B. 1999. Checklist of Maine mosses. Evansia 16: 28-43.

Angelo, R. and D. E. Boufford. 2000. Atlas of the flora of New England: Monocots
except Poaceae and Cyperaceae. Rhodora 102: 1-119.

Arditti, J. 1967. Factors affecting the germination of orchid seeds. Botanical Review 33:
1-97.

Arditti, J., R. Erngt, T. W. Yam, and C. Glabe. 1990. The contributions of orchid
mycorrhizal fungi to seed germination: a speculative review. Lindleyana 5: 249-255.

Aveill, C. C.and L. M. Frost. 1933. Some factors underlying forest fire insurance in
Massachusetts Harvard Forest Bulletin 17. Petersham, Massachusetts, USA.

Baldwin, H. 1884. The Orchids of New England, a Popular Monograph. John Wiley
and Sons, New York, New York, USA.

Barrett, S. C. H. and J. R. Kohn. 1991. Genetic and evolutionary consequences of small
population size in plants. Implications for conservation. Pages 3-30in D. A. Falk and K.
E. Holsinger (Editors). Genetics and Conservation of Rare Plants Oxford University
Press, New York, New York, USA.

Bates, J. W. and A. M. Farmer. 1990. An experimental study of calcium acquisition and
its effects on the calcifuge moss Pleurozium schreberi. Annals of Botany 65: 87-96.

Berliocchi, L. 2000. The Orchid in Lore and Legend. Timber Press, Portland, Oregon,
USA.

Bodlter, D. H. and G. E. Close. 1974. Pipdinesin forested wetlands: cross drainage
needed to prevent timber damage. Journal of Forestry 72: 561-563.

Boeye, D. and R. F. Verheyen. 1992. The hydrological balance of a ground water
discharge fen. Journal of Hydrology 137: 149-163.

Boland, T. 2001a. Arctic-alpine wildflowers of Newfoundland. Available at
http://www.nfal pines.homestead.com/.

25



Boland, T. 2001b. Newfoundland orchids—species, blooming season, distribution.
Link from Welcome to western Newfoundland web site. Available at
http://www.chebucto.ns.ca/l~ae050/orchids.html.

Brackley, F. E. 1985. The orchids of New Hampshire. Rhodora 87: 1-117.

Brown, P. M. 1997. Wild Orchids of the Northeastern United Sates: A Field Guide.
Cornell University Press, Ithaca, New York, USA.

Brown, A. H. D. and J. D. Briggs. 1991. Sampling strategies for genetic variation in ex
situ collections of endangered plant species. Pages99-118inD. A. Falk and K. E.
Holsinger (Editors). Genetics and Conservation of Rare Plants Oxford University
Press, New York, New York, USA.

Brumback, W. E. and C. W. Fyler. 1996. Small Whorled Pogonia (Isotria medeoloides)
transplant project. Case Study 7. Pages445-451inD. A. Falk, C. I. Millar, and M.
Olwell (Editors). Restoring Diversity: Strategies for Reintroduction of Endangered
Plants. Island Press, Washington, D. C., USA

Brumback W. E., L. J. Mehrhoff, R. W. Enser, S. C. Gawler, R. G. Popp, P. Somers, D.
D. Sperduto, W. D. Countryman, and C. B. Hellquist. 1996. Flora Conservanda: New
England. The New England Plant Conservation Program (NEPCoP) list of plantsin need
of conservation. Rhodora 98: 233-361.

Bruns, T. D., M. |. Bidartondo, and D. L. Taylor. 2000. Interactions of ectomycorrhizal
fungi and ectomycorrhizal epiparasites. American Zoologist 40: 956.

Cameron, J. W. 1976. The Orchids of Maine. University of Maine at Orono Press,
Orono, Maine, USA.

Carleton, T. J. and D. J. Read. 1991. Ectomycorrhizas and nutrient transfer in conifer-
feather moss ecosystems. Canadian Journal of Botany 69: 778-785.

Carlson, B. D. and J. M. Sweeney. No Date. Threatened and endangered speciesin
forests of Maine: A guide to assist with forestry activities. Cooperatively published by
Champion International Corporation; U. S. Fish and Wildlife Service’'s Old Town,
Maine, Field Office; Maine Department of Inland Fisheries and Wildlife; Maine Natural
Areas Program; University of Maine, Cooperative Extension.

Case, F. W. 1964. Orchids of the Western Great Lakes Region. Cranbrook Institute of
Science, Bloomfield Hills, Michigan, USA.

Catenhusen, J. 1950. Secondary successions on the peat lands of Glacial Lake
Wisconsin. Wisconsin Academy of Sciences, Arts and Letters 40: 29-48.

26



Chapin, F. S., W. C. Oechdl, K. Van Cleve, and W. Lawrence. 1987. The role of mosses
in the phosphorus cycling of an Alaskan black spruce forest. Oecologia 74 :310-315.

Chapman, W. K. 1997. Orchids of the Northeast, A Field Guide. Syracuse University
Press, Syracuse, New York, USA.

Chason, D. B. and D. I. Siegel. 1986. Hydraulic conductivity and related physical
properties of peat, Lost River Peatland, northern Minnesota. Soil Science 142: 91-99.

Christensen, D. E. 1994. Fly pollination in the Orchidaceae. Pages 415-454 in J. Arditti
(Editor). Orchid Biology: Reviews and Perspectives VI. John Wiley and Sons, New
York, New York, USA.

Christensen, E. M, J. J. Clausen, and J. T. Curtis. 1959. Phytosociology of the lowland
forests of northern Wisconsin. American Midland Naturalist 62: 232-247.

CITES 2002. Convention on International Trade in Engandered Species Protection
Status (CITES), Appendix Il. Available at:
http://www.cites.org/eng/resources/flora.shtml. (Accessed: March 7, 2002).

Clements, M. A. 1988. Orchid mycorrhizal associations. Lindleyana 3: 73-86.

Collins, S. L. 1990. Habitat relationships and survivorship of tree seedlings in hemlock-
hardwood forest. Canadian Journal of Botany 68: 790-797.

Collins, S. L., J. L. Vankat, and J. V. Perino. 1979. Potential tree species dynamicsin
the arbor vitae association of Cedar Bog, a west-central Ohio fen. Bulletin of the Torrey
Botanical Club 106: 290-298.

Correll, D. S. 1950. Native Orchids of North America North of Mexico. Chronica
Botanica Company, Waltham, Massachusetts, USA.

Cox, R. L. and A. H. Westing. 1963. The effect of peatmoss extract on seed
germination. Proceedings of the Indiana Academy of Science 73: 113-115.

Crow, G. E. 1982. New England’s Rare, Threatened, and Endangered plants. U. S.
Department of Interior, Fish and Wildlife Service, Northeast Region, Newton Corner,
Massachusetts, USA.

Crum, H. A. 1988. A Focus on Peatlands and Peat Mosses. University of Michigan
Press, Ann Arbor, Michigan, USA.

Currah, R. S, L. Sigler, and S. Hambleton. 1987. New records and new taxa of fungi

from the mycorrhizae of terrestrial orchids of Alberta. Canadian Journal of Botany 65:
2473-2482.

27



Currah, R. S,, E. A. Smreciu, and S. Hambleton. 1990. Mycorrhizae and mycorrhizal
fungi of boreal species of Platanthera and Coeloglossum (Orchidaceae). Canadian
Journal of Botany 68: 1171-1181.

Curtis, J. D. 1946. Preliminary observations on northern white-cedar in Maine. Ecology
27. 23-36.

Curtis, J. T. 1959. The Vegetation of Wisconsin. The University of Wisconsin Press,
Madison, Wisconsin, USA.

Dafni, A. 1987. Pollination in Orchis and related genera:  evolution from reward to
deception. Pages 79-104 in J. Arditti (Editor). Orchid Biology: Reviews and
Perspectives V. Cornell University Press, Ithaca, New York, USA.

Danish Polar Center. 2001. Names of selected plantsin Greenland. Available at
www.dpc.dk/Publications/Flora.html, updated August 7, 2001.

Davy, A. J and R. L. Jefferies. 1981. Approaches to the monitoring of rare plant
populations. Pages 219-232 in H. Synge (Editor). The Biological Aspects of Rare Plant
Conservation. John Wiley and Sons, London, UK.

DeVitt, O. E. 1961. An Ontario record for the small round-leaved orchis variety lineata.
Canadian Field-Naturalist 75: 168.

Dixon, P. M. and R. E. Cook 1990. Science, planning, and the recovery of endangered
plants. Endangered Species Update 6: 9-14.

Eastman, L. M. 1977. Small round-leaved orchis, Orchis rotundifolia Banks ex Pursh, in
Maine and its relevance to the Critical Areas Program. Report for the Maine Critical
Areas Program, State Planning Office, Augusta, ME 04333. Planning Report No. 52,
September 10, 1977.

Eberhart, S. A., E. E. Roos, and Le. E. Towill. 1991. Strategies for long-term
management of germplasm collections. Pages 135-145in D. A. Fak and K. E. Holsinger
(Editors). Genetics and Conservation of Rare Plants. Oxford University Press, New
York, New York, USA.

Elliot, V. 1960. A new locdlity for Orchisrotundifolia var. lineata. Rhodora 62: 174.
Ewens, W. J., P. J. Brockwell, J. M. Gani, and S. I. Resnick. 1987. Minimum viable
population size in the presence of catastrophes. Pages 59-68 in Soulé, M. E. (Editor).

Viable Populations for Conservation. Cambridge University Press, New Y ork, New
York, USA.

28



Fak, D. A. 1991. Joining biological and economic models for conserving plant genetic
diversity. Pages 209-223in D. A. Falk and K. E. Holsinger (Editors). Genetics and
Conservation of Rare Plants Oxford University Press, New York, New York, USA.

Fak, D. A. and K. E. Holsinger, Editors. 1991. Appendix: Genetic Sampling guidelines
for conservation collections of endangered plants. In D. A. Falk and K. E. Holsinger
(Editors). Genetics and Conservation of Rare Plants. Oxford University Press, New
York, New York, USA.

Fak, D. A., C. 1. Millar, and M. Olwell, Editors. 1996. The biology of rare plant
introduction, introduction to part 1. Pages 121-125in Falk, D. A., C. |. Millar, and M.
Olwell (Editors). Restoring Diversity: Strategies for Reintroduction of Endangered
Plants Island Press. Washington, D. C., USA

Fernald, M. L. 1919. Lithological factors limiting the ranges of Pinus banksiana and
Thuja occidentalis. Rhodora 21: 41-67.

Fiedler, P. L. and R. D. Laven. 1996. Selecting reintroduction sites. Pages 157-169 in
D. A. Fak, C. I. Millar, and M. Olwell (Editors). Restoring diversity: Strategies for
Reintroduction of Endangered Plants Island Press. Washington, D. C., USA

Gardens of the Blue Ridge. 2002. Web site. Available at:
http://www.gardensofthebl ueridge.com/gardensofthebl ueridge/pricelist801.htm.
(Accessed: March 7, 2002).

Gates, F. C. 1942. The bogs of northern lower Michigan. Ecological Monographs 12:
213-154.

Gawler, S. 1983. Orchids. Brochure for the Executive Department, Maine State
Planning Office Critical Areas Program, Augusta, Maine, USA.

Gawler, S. C. 2001. Natura landscapes of Maine: aclassification of vegetated natural
communities and ecosystems. Maine Natural Areas Program, Department of
Conservation, Augusta, Maine, USA.

Gibson, W. H. 1905. Our Native Orchids, a Series of Drawings from Nature of all the
Soecies Found in the Northeastern United Sates. (Descriptive text elaborated from
author’s notes by H. L. Jelliffe). Doubleday, Page and Co., New York, New York, USA.

Gilpin, M. E. 1987. Spatia structure and population vulnerability. Pages 125-139in
Soulé, M. E. (Editor). Viable Populations for Conservation. Cambridge University
Press, New York, New York, USA.

Gilpin, M. E. and M. E. Soulé. 1986. Minimum viable populations. processes of species

extinction. Pages 19-34in M. E. Soulé. (Editor). Conservation Biology: The Science of
Scarcity and Diversity. Sinauer Associates, Sunderland, Massachusetts, USA.

29



Gleason, H. A. and A. Cromuist. 1991. Manual of Vascular Plants of Northeastern
United States and Adjacent Canada, Second Edition. The New Y ork Botanical Garden,
Bronx, New York, USA.

Glime, J. M. 1993. The Elfin World of Mosses and Liverworts of Michigan’s Upper
Peninsula and Isle Royale Isle Royale Natural History Association, Houghton,
Michigan, USA.

Gorham, J. R. 1976. Orchid pollination by Aedes mosqguitoesin Alaska. The American
Midland Naturalist 95:208-210.

Grubb, P. J. 1977. The maintenance of species-richness in plant communities: the
importance of the regeneration niche. Biological Review 52: 107-145.

Haines, A. and T. F. Vining. 1998. Flora of Maine: A Manual for Identification of
Native and Naturalized Vascular Plants of Maine. V. F. Thomas Co, Bar Harbor, Maine,
USA.

Harmon, M. E. 1989. Effects of bark fragmentation on plant succession on conifer logs
in the Picea-Tsuga forests of Olympic Nationa Park, Washington. American Midland
Naturalist 121: 112-124.

Harmon, M. E. and J. F. Franklin. 1989. Tree seedlings on logs in Picea-Tsuga forests
of Oregon and Washington. Ecology 70: 48-59.

Harper, J. L. 1977. Population Biology of Plants Academic Press, New Y ork, New
York, USA.

Heinselmen, M. L. 1970. Landscape evolution, peatland types, and the environment in
the Lake Agassiz Peatlands Natural Area, Minnesota. Ecological Monographs 40: 235-
261.

Hinds, H. R. 2000. Flora of New Brunswick, Second Edition. Biology Department,
University of New Brunswick, Fredericton, New Brunswick, Canada.

Holsinger, K. E. and L. D. Gottlieb. 1991. Conservation of rare and endangered plants:
principles and prospects. Pages 195-208 in D. A. Falk and K. E. Holsinger (Editors).
Genetics and Conservation of Rare Plants Oxford University Press, New Y ork, New
York, USA.

Homoya, M. A. 1993. Orchidsof Indiana. Indiana Academy of Science, Bloomington,
Indiana, USA.

House, H. D. 1923. Wildflowers of New York in Two Parts Volume 1. State Museum
Memoir 15, The University of the State of New Y ork, Albany, New Y ork, USA.



Huenneke, L. F. 1991. Ecological implications of genetic variation in plant populations.
Pages 31-44in D. A. Fak and K. E. Holsinger (Editors). Genetics and Conservation of
Rare Plants Oxford University Press, New Y ork, New York, USA.

Huneck, S. and L. Meinunger. 1990. Plant growth regulatory activities of bryophytes: a
contribution to the chemical ecology of mosses and liverworts. Pages 289-198 in H. D.
Zinsmeister and R. Mues (Editors). Bryophytes—their chemistry and chemical
taxonomy. Phytochemical Society of Europe 29. Clarendon Press, Oxford, England.

Huneck, S. and K. Schreiber. 1972. Wachstumsregul atorische eigenschaften von
flechten-und moos-inhaltsstoffen. Phytochemistry 11: 2429-2434.

Hutchings, M. J. 1987. The population biology of the early spider orchid Ophrys
spegodes Mill. 1. A demographic study from 1975-1984. Journal of Ecology 75: 711-
728.

Hutchings, M. J. 1991. Monitoring plant populations. census as an aid to conservation.
Chapter 4 in F. B. Goldsmith (Editor). Monitoring for Conservation and Ecol ogy.
Chapman and Hall, London, UK.

Inland Fisheries and Wildlife (IFW). 2001. Maine Department of Inland Fisheries and
Wildlife web page, including 2001 report. Available at
http://www.state.me.ug/ifw/index.html (accessed December 2001).

Jacobson, G. L., Jr, H. Almquist-Jacobson, and J. C. Winne. 1991. Conservation of rare
plant habitat: insights from the recent history of vegetation and fire at Crystal Fen,
northern Maine, USA. Biological Conservation 57: 287-314.

Jeglum, J. K. 1975. Vegetation-habitat changes caused by damming a peatland
drainageway in northern Ontario. Canadian Field-Naturalist 89: 400-412.

Johnson, E. A., and G. I. Fryer. 1992. Physical characterization of seed microsites—
movement on the ground. Journal of Ecology 80: 823-836.

Johnson, L. P. 1995. A new color form of Amerorchis rotundifolia from the Sibley
Peninsula of Lake Superior. Lindleyana 10: 1.

Johnston, W. F. 1990. Thujaoccidentalis. Pages 580-589 in R. M. Burnsand B. M.
Honkala (Editors). Slvics of North America, Volume 1, Conifers. USDA Forest Service
Agriculture Handbook 654.

Kallunki, J. A. 1981. Reproductive biology of mixed-species populations of Goodyera
(Orchidaceae) in northern Michigan. Brittonia 33: 137-155.

31



Kaur, P. and U. K. Chauhan. 1991. Coprophilous fungal succession on different kinds of
dung. Geobios (Jodhpur) 18: 155-159.

Keizer, P. J.,, B. F. van Tooren, and H. J. During. 1985. Effects of bryophytes on
seedling emergence and establishment of short-lived forbsin chalk grassland. Journal of
Ecology 73: 493-504.

Keenan, P. E. 1983. Orchids. A Complete Guideto Maine’'s Orchids. Delorme,
Freeport, Maine, USA.

Kelman, M. and M. Kading. 1992. Facilitation of tree seedling establishment in a sand
dune succession. Journal of Vegetation Science 3: 679-688.

Kenkel, N. C. 1987. Trends and interrelationships in boreal wetland vegetation.
Canadian Journal of Botany 65: 12-22.

Klinger, L. F., S. A. Elias, V. M. Behan-Pdlletier, and N. E. Williams. 1990. The bog
climax hypothesis. fossil arthropod and stratigraphic evidence in peat sections from
southeast Alaska, USA. Holarctic Ecology 13: 72-80.

Lande, R. and G. F. Barrowclough. 1987. Effective population size, genetic variation,
and their use in population management. Pages 87-123 in M. E. Soulé (Editor). Viable
Populations for Conservation. Cambridge University Press, New Y ork, New Y ork,
USA.

Ledig, F. T. 1986. Heterozygosity, heterosis, and fitness in outbreeding plants. Pages
77-104 34 in M. E. Soulé (Editor), Conservation Biology: The Science of Scarcity and
Diversity. Sinauer Associates, Sunderland, Massachusetts, USA.

Light, M. H. S. 1998. Temperate Terrestrial Orchids. Available at
http://www.geocities.com/~maryloig/archiv80.html.

Longton, R. E. 1988. The Biology of Polar Bryophytes and Lichens. Cambridge
University Press, Cambridge, UK.

Longton, R. E. 1992. Therole of bryophytes and lichensin terrestrial ecosystems.
Pages 32-76in J. W. Batesand A. M. Farmer (Editors). Bryophytes and Lichensin a
Changing Environment. Clarendon Press, Oxford Science Publications, New Y ork, New
York, USA.

Luer, C. A. 1975. The Native Orchids of the United Sates and Canada Excluding
Florida. The New Y ork Botanical Garden, Bronx, New Y ork, USA.

Maine Natural Areas Program, Rare Plant Fact Sheet. Amerorchis rotundifolia, Small
Round-leaved Orchis. 93 State House Station, Augusta, Maine, USA.

32



Mamer, N. 1986. Vegetational gradientsin relation to environmental conditions in
northwestern European mires. Canadian Journal of Botany 64: 375-383.

Marino, P. C. 1991. Competition between mosses (Splachnacea€) in patchy habitats.
Journal of Ecology 79: 1031-1046.

McKendrick, S. L., J. R. Leake, D. L. Taylor, and D. J. Read. 2000a. Symbiotic
germination and development of myco-heterotrophic plants in nature: ontogeny of
Corallorhiza trifida and characterization of its mycorrhizal fungi. New Phytologist 145:
523-537.

McKendrick, S. L., J. R. Leake, and D. J. Read. 2000b. Symbiotic germination and
development of myco-heterotrophic plants in nature: transfer of carbon from
ectomycorrhizal Salix repens and Betula pendula to the orchid Corallorhiza trifida
through shared hyphal connections. New Phytologist 145:539-548.

Mehrhoff, L. A. 1989. The dynamics of declining populations of an endangered orchid,
Isotria medeoloides. Ecology 70: 783-786.

Menges, E. S. 1991. The application of minimum viable population theory to plants.
Pages 45-61in D. A. Falk and K. E. Holsinger (Editors). Genetics and Conservation of
Rare Plants Oxford University Press, New Y ork, New York, USA.

Mitch, W. J. and J. G. Gosselink. 1986. Wetlands. Van Nostrand Reinhold, New Y ork,
New York, USA.

Mitchell, R. S. 1986. A Checklist of New York Sate Plants Contributions to a flora of
New York State, Checklist 111, Bulletin No. 458. New Y ork State Museum, The
University of the State of New Y ork, The State Education Department, Albany, New
York, USA.

Mitchell, R. S. and C. J. Sheviak. 1981. Rare Plants of New York Sate New Y ork State
Museum Bulletin 445. Albany, New York, USA.

Moore, P. D. and D. J. Bellamy. 1974. Peatlands. Springer-Verlag, New Y ork, New
York, USA.

Morinaga, T. and T. Arimura. 1984. Degradation of crude fiber during fungal
succession on deer dung. Transactions of the Mycological Society of Japan 25: 93-100.

Morinaga, T., S. Ito, and K. Minoura. 1980. Fungal succession on deer dung, the effects
of light on the development of certain fungi. Transactions of the Mycological Society of
Japan 21: 351-357.

Morris, F. and E. A. Eames. 1929. Our Wild Orchids, Trails and Portraits Charles
Scribner’s Sons, New York, New York, USA.



Mousley, H. 1941. A distinctive new variety of Orchisrotundifolia from Canada.
Canadian Field-Naturalist 55: 64-65.

Nagy, L. A. and K. M. Harrower. 1979. Analysis of two Southern Hemisphere
coprophilous fungus successions. Transactions of the British Mycological Society 72:
69-74.

Native Sons Nursery. 2001. Available at http://www.native-sons-nursery.com (accessed
March 7, 2002).

NatureServe: An online encyclopedia of life [web application]. 2001. Version 1.5.
Arlington, Virginia. The Association for Biodiversity Information. Available at:
http://www.natureserve.org/. Accessed: October 19, 2001.

Nearctica. 2001. Nearctica—Nomina Insecta, A checklist of insects of North America.
Available at: http://www.nearctica.com/nomina/diptera.htm (accessed December 23,
2001).

New England Wild Flower Society. 1992. New England Plant Conservation Program.
Wildflower Notes 7: 7-79.

Nylander, O. O. 1918. Contribution to the Natural History of Aroostook: the Orchis.
Aroostook Republican Print, Caribou, Maine, USA.

Oechdl, W. C. and B. Sveinbjornsson. 1978. Primary production processesin Arctic
bryophytes at Barrow, Alaska. Pages 269-298 in L. L. Tieszen (Editor). Vegetation and
Production Ecology of an Alaskan Arctic Tundra. Springer-Verlag, New Y ork, New
York, USA.

Ohlson, M. and O. Zackrisson. 1992. Tree establishment and microhabitat relationships
in north Swedish peatlands. Canadian Journal of Forest Research 22: 1869-1877.

Palmer, M. E. 1987. A critical look at rare plant monitoring in the United States.
Biological Conservation 39: 113-127.

Peakall, R. 1994. Interactions between orchids and ants. Pages 103-134 in J. Arditti
(Editor). Orchid Biology: Reviews and Perspectives VI. John Wiley and Sons, New
York, New York, USA.

Pocock, K. and J. G. Duckett. 1985. On the occurrence of branched and swollen rhizoids
in British hepatics: their relationship with the substratum and associations with fungi.
New Phytologist 99: 281-304.



Rasmussen, H. N. and D. F. Whigham. 1993. Seed ecology of dust seeds in situ: anew
study technique and its application in terrestrial orchids. American Journal of Botany 80:
1374-1378.

Rasmussen, H. N. and D. F. Whigham. 1998a. Importance of woody debrisin seed
germination of Tipularia discolor (Orchidaceae). American Journal of Botany 85: 829-
834.

Rasmussen, H. N. and D. F. Whigham. 1998b. The underground phase: a specia
challenge in studies of terrestrial orchid populations. Botanical Journal of the Linnean
Society 126: 49-64.

Raup, H. M. 1930. The pollinization of Habenaria obtusata. Rhodora 32:88-89.

Richardson, D. H. S. 1981. The Biology of Mosses. John Wiley and Sons, New Y ork,
New York, USA.

Rowell, T. A. 1986. The history of drainage at Wicken Fen, Cambridgeshire, England,
and its relevance to conservation. Biological Conservation 35: 111-142.

St. Hilaire, L. R. 1994. Ecological model for northern white-cedar and rich shrub fen
communities at Bonaparte Svamp. Internal report prepared for The Nature Conservancy,
Central and Western Chapter, Rochester, New Y ork, USA.

St. Hilaire, L. R. and D. J. Leopold. 1995. Conifer seedling distribution in relation to
microsite conditions in a central New Y ork forested minerotrophic peatland. Canadian
Journal of Forest Resources 25: 261-269.

Schemske, D. W., B. C. Husband, M. H. Ruckelshaus, C. Goodwillie, 1. M. Parker, and J.
G. Bishop. 1994. Evaluating approaches to the conservation of rare and endangered
plants. Ecology 73: 584-606.

Schwintzer, C. R. 1981. Vegetation and nutrient status of northern Michigan bogs and
conifer swamps with a comparison to fens. Canadian Journal of Botany 59: 842-853.

Schwintzer, C. R. and G. Williams. 1974. Vegetation changesin asmall Michigan bog
from 1917-1972. American Midland Naturalist 92: 447-459.

Seischab, F. K. 1984. Plant community development in the Byron-Bergen Swamp:
marlbed vegetation. Canadian Journal of Botany 62: 1006-1017.

Seymour, F. C. 1969. The Flora of New England: A Manual for the Identification of All
Vascular Plants, Including Ferns and Fern Allies and Flowering Plants Growing Without
Cultivation in New England. The Charles E. Tuttle Co., Rutland, Vermont, USA.



Shaffer, M. 1987. Minimum viable populations. coping with uncertainty. Pages 69-86
in M. E. Soulé (Editor). Viable Populations for Conservation. Cambridge University
Press, New York, New York, USA.

Sheehan, T. J. 1997. Orchid potting mixtures—an abridged historical review. Pages
317-362in J. Arditti and A. M. Pridgeion (Editors). Orchid Biology: Reviews and
Perspectives VII. Kluwer Academic Publishers, London, UK.

Sheviak, C. J. 1990. Biological considerationsin the management of temperate
terrestrial orchid habitats. Pages 194-196 in R. S. Mitchell, C. J. Sheviak, and D. J.
Leopold (Editors). Ecosystem Management: Rare Species and Sgnificant Habitats
Proceedings of the 15" Annual Natural Areas Conference. New Y ork State Museum
Bulletin 471. New York State Museum, The University of the State of New Y ork, The
State Education Department, Albany, New York, USA.

Siegal, D. 1. 1988. Evaluating cumulative effects of disturbance on the hydrologic
function of bogs, fens, and mires. Environmental Management 12: 621-626.

§ors, H. 1959. Bogs and fens in the Hudson Bay Lowlands. Arctic 12: 2-19.

Smith, M. and J. Capelle. 1992. Effects of soil surface microtopography and litter cover
on germination, growth, and biomass production of chicory (Chicoriumintybus L.).
American Midland Naturalist 128: 246-253.

Smreciu, E. A. and R. S. Currah. 1989. Symbiotic germination of seeds of terrestrial
orchids of North America and Europe. Lindleyana 1: 6-15.

Stoeckeler, J. H. 1967. Wetland Road Crossings: Drainage Problems and Timber
Damage. USDA Forest Service Research Note NC-27. North Central Forest Experiment
Station, St. Paul, Minnesota, USA.

Stuckey, I. H. 1967. Environmental factors and the growth of native orchids. American
Journal of Botany 54: 232-241.

Tamm, C. O. 1964. Growth of Hylocomium splendensin relation to tree canopy.
Bryologist 67: 423-426.

Tamm, C. O. 1991. Behavior of some orchid populations in a changing environment,
1943-1990. Pages1-73inT. C. E. Wellsand J. A. Willems (Editors). Population
Ecology of Terrestrial Orchids. SPB Academic Publishers, The Hague, The Netherlands.

USDA. 1964. Soil Survey, Aroostook County, Northeastern Part. Soil Conservation
Service, Washington, D. C., USA.



USDA, NRCS 2001. USDA, Natural Resources Conservation Service. The PLANTS
Database, Version 3.1. (http://plants.usda.gov). Nationa Plant Data Center, Baton
Rouge, LA 70874-4490, USA. (Accessed: April 6, 2002).

Van der Cingel, N. A. 2001. An Atlas of Orchid Pollination: America, Africa, Asia and
Australia. A. A. Balkema, Rotterdam, The Netherlands.

Van der Kinderen, G. 1995. A method for the study of field germinated seeds of
terrestrial orchids. Lindleyana 10: 68-73.

Veary, E. S. 1975. Stream flow chemistry and nutrient yields from upland-peatland
watersheds in Minnesota. Ecology 56: 1149-1157.

Verhoeven, J. T. and H. H. M. Arts. 1987. Nutrient dynamics in small mesotrophic fens
surrounded by cultivated land. 1. N and P accumulation in plant biomass in relationship
to the release of inorganic N and P in the peat soil. Oecologia 72: 557-561.

Vitt, P. 1991. Demographic Monitoring of Isotria medeoloides in Maine: 1990 Results
Maine State Planning Office, Augusta, Maine, USA.

Voss, E. G. 1966. Nomenclatural notes on monocots. Rhodora 68: 435-463 (p. 462).

Voss, E. G. 1972. Michigan Flora, A Guide to the Identification and Occurrence of the
Native and Naturalized Seed-plants of the State, Part |, Gymnosperms and Monocots
Cranbrook Institute of Science, University of Michigan Herbarium, Bloomfield Hills,
Michigan, USA.

Wells, T. C. E. 1981. Population ecology of orchids. Pages 281-295 in H. Synge
(Editor). The Biological Aspects of Rare Plant Conservation. John Wiley and Sons,
London, UK.

Whigham, D. F. and J. H. Willems. In Press. Demographic studies and life-history
strategies of temperate terrestrial orchids as a basis for conservation. Pages XXx-xxx in
K. W. Dixon, S. P. Kéell, P. J. Cribb, and R. L. Barrett (Editors). Orchid Conservation.
Kluwer Academic Press. The Netherlands.

Whiting, R. E. and P. M. Catling. 1986. Orchids of Ontario. CanaColl Foundation,
Ottawa, Canada.

Wilcox, D. A., R. J. Shedlock, and W. H. Hendrickson. 1986. Hydrology, water
chemistry and ecological relations in the raised mound of Cowles Bog. Journal of
Ecology 74: 1103-1117.

Williams, E. F. 1902. Preliminary lists of New England plants, 111. Rhodora 4: 15-22.

37



Zeedyk, W. D., R. E. Farmer, Jr, B. MacBryde, and G. S. Baker. 1978. Endangered
plant species and wildland management. Journal of Forestry 76: 31-36.

Zelmer, C. D. 1994. Interactions Between Northern Terrestrial Orchids and Fungi in
Nature. M. Sc. Thesis, University of Alberta, Alberta, Canada.

Zelmer, C. D. and R. S. Currah. 1994. Evidence for afungal liaison between
Corallorhiza trifida (Orchidaceae) and Pinus contorta (Pinaceae). Canadian Journal of
Botany 73: 862-866.



V. APPENDICES

Additional References
Habitat Descriptions

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

39



1. Additional Literature References

Ackerman, J. D. 1975. Pollination biology of Goodyera oblongifolia. Madrofio 23:
191-198.

Alexander, C., I. J. Alexander, and G. Hadley. 1984. Phosphate uptake in relation to
mycorrhizal infection. New Phytologist 97: 401-411.

Ames, O. 1924. An Enumeration of the Orchids of the United States and Canada.
Boston, Massachusetts, USA.

Anderson, A. B. 1989. Asymbiotic germination of seeds of some North American
orchids. Pages 75-80 in C. E. Sawyers (Editor). Conference proceedings. North
American Native Terrestrial Orchid Propagation and Production. Brandywine River
Museum, Pennsylvania, USA.

Anonymous. 1893. The history of orchid hybridization. Orchid Review 1: 3-6
(attributed to J. Lindley)

Anonymous. 1915b. Stray seedlings. The Orchid World 5: 146.

Antlfinger, A. E. 1993. Ecology of terrestrial orchids. American Orchid Society Bulletin
March: 280-282.

Arditti, J. R. Erngt, T. W. Yam, and C. Glabe. 1990. The contributions of orchid
mycorrhizal fungi to seed germination: a speculative review. Lindleyana 5: 249-255.

B.,J. B. 1961. Seedraising for the amateur. Orchid Review 69: 283-284 (probably J.
W. Blowers).

Barker, E. E. 1931. You also can grow orchidsas| do in New York State. Better
Homes and Gardens, April Issue.

Baskin, J. M. and C. C. Baskin. 1989. Physiology of dormancy and germination in
relation to seed bank ecology. Chapter 4 in M. A. Leck, et a. (Editors). Ecology of Seed
Banks. Academic Press, New York, USA.

Bean, R. C., C. H. Knowlton and A. F. Hill. 1951. Tenth report of the committee on
plant distribution. Rhodora 53: 79-89.

Beardmore, J. and G. F. Pegg. 1981. A technique for establishment of mycorrhizal
infection in orchid tissue grown in aseptic culture. New Phytologist 87: 527-535.

Beckner, J. 1979. A method of growing the impossible bog orchids. American Orchid
Society Bulletin 48: 556-560.



Bernard, N. 1899. Sur lagermination du Neottia nidus-avis. Compt. Rend. Acad. ci.
Paris 128: 1253-1255.

Boivin, B. 1960. Orchisrotundifolia. Naturaliste Canad. 87: 42.

Bowling, J. C. and P. A. Thompson. 1972. On storing orchid seeds. Orchid Review 80:
120-121.

Breddy, N. C. 1953. Observations on the raising of orchids by asymbiotic cultures.
American Orchid Society Bulletin 22: 12-17.

Brumback, W. E. 1990. Commercial production of orchids—what’s being done?
Proceedings from a conference. Pages 84-86. North American Native Terrestrial Orchid
Propagation and Production.

Clements, M. 1988. Orchid mycorrhizal associations. Lindleyana 3: 73-83.

Clements, M. A. and R. K. Ellyard. 1979. The symbiotic germination of Australian
terrestrial orchids. American Orchid Society Bulletin 48: 810-816.

Currah, R. S., A. Smreciu, S. Hambleton, and L. Sigler. 1988. Orchids of Alberta—
Microhabitat, Mycotrophy, and Micropropagation—Summary Report. University of
Alberta. Devonian Botanic Garden.

Curtis, J. T. 1936. The germination of some native orchid seeds. American Orchid
Society Bulletin 5: 42-47.

Curtis, J. T. 1937. Non-specificity of orchid mycorrhizal fungi. Proceedings Society
Experimental Biology and Medicine 36: 43-44.

Curtis, J. T. 1939. Relations specific orchid mycorrhizal fungi to prob. Symbiosis.
American Journal of Botany 26: 390-399.

Curtis, J. T. 1943. Germination and seedling development in five species of
CypripediumL. American Journal of Botany 30: 199-203.

Downie, D. G. 1940. On the germination and growth of Goodyera repens. Transactions
and Proceedings of the Botanical Society of Edinburgh 33: 36-51.

Downie, D. G. 1949a. The germination of Goodyera repens in fungal extract.
Transactions and Proceedings of the Botanical Society of Edinburgh 35: 120-125.

Downie, D. G. 1959. Rhizoctonia solani and orchid seed. Transactions and
Proceedings of the Botanical Society of Edinburgh 37: 279-285.

a4



Dresder, R. L. 1981. The Orchids. Natural History and Classification. Harvard
University Press, Cambridge, Massachusetts, USA.

Fehlandt, P. R. 1960. The care of orchid seed. Orchid Digest 25: 391-392.
Fernald, M. L. 1926. Botanizing in Newfoundland. Rhodora 28: 89-110.

Gray, A. 1862-1863. Fertilization of orchids. American Journal of Science 34. 420-429;
36:292-294.

Hadley, G. Orchid mycorrhiza. Pages 83-188 in J. Arditti (Editor), Orchid Biology:
Reviews and Perspectives, 1. Cornell University Press, Ithaca, New York, USA.

Hadley, G. 1989. Therole of mycorrhizain orchid propagation. Pages 15-24in C. E.
Sawyers (Editor). Conference proceedings: North American Native Terrestrial Orchid
Propagation and Production. Brandywine River Museum, Pennsylvania, USA.

Harvais, G. 1974. Notes on the biology of some native orchids of Thunder Bay, their
endophytes and symbionts. Canadian Journal of Botany 52: 451-460.

Harvais, G. and D. Pekkala. 1975. Vitamin production by afungus symbiotic with
orchids. Canadian Journal of Botany 53: 156-163.

Harvais, G. and A. Raitsakas. 1975. On the physiology of a fungus symbiont with
orchids. Canadian Journal of Botany. 53: 156-163.

Harvais, G. and G. Hadley. 1967. Relationship between host and endophyte in orchid
mycorrhiza. New Phytologist 66: 205-215.

Heinselmen, M. L. 1963. Forest sites, bog processes, and peatland typesin the glacial
Lake Agassiz region, Minnesota. Ecological Monographs 33: 327-374.

Henrich, J. E., D. P. Stimart, and P. D. Ascher. 1979. Terrestrial orchid germination in
vitro. Hort. Science 14: 445 (Abstract).

Henrich, J. E., D. P. Stimart, and P. D. Ascher. 1981. Terrestrial orchid germination on a
defined medium. J. Amer. Soc. Hort. Science 106: 193-196.

Hocking, B. 1968. Insect-flower associations in the high arctic with specia reference to
nectar. Oikos 19: 359-388.

Kano. K. 1968. Acceleration of germination of so-called-hard-to-germinate orchid
seeds. Am. Orchid Soc. Bull.37: 690-698.

Keenan, P. E. 1986 b. Wild orchidsin New England. American Orchid Society Bulletin
55: 696-699.

&



Keenan, P. E. 1987. Bloom sequence of wild orchids in New England. American
Orchid Society Bulletin 56: 1059-1061.

Keenan, P. E. 1989 a. Butterflies of the orchid world. American Orchid Society Bulletin
58: 767-771.

Keenan, P. E. 1991 a. The American Orchises. American Orchid Society Bulletin 6(?)
536-538.

Keenan, P. E. 1993. Thoreau's orchids. American Orchid Society Bulletin 62: 362-371.

Keenan, P. E. 1998. A modern-day Thoreau and the American Orchisin Maine. Pages
87-92in P. E. Keenan. Wild Orchids Across North America: A Botanical Travelogue.
Timber Press, Portland, Oregon.

Knudson, L. 1922. Non-symbiotic germination of orchid seeds. Botanical Gazette 73:
1-25.

Knudson, L. 1924. Further observations on non-symbiotic germination of orchid seeds.
Botanical Gazette 77: 212-219.

Knudson, L. 1925. Physiological study of the symbiotic germination of orchid seeds.
Botanical Gazette 79: 345-379.

Knudson, L. 1943. Nutrient solutions for orchid seed germination. American Orchid
Society Bulletin 12: 77-79.

Knudson, L. 1946. A new nutrient solution for the germination of orchid seeds.
American Orchid Society Bulletin 15: 214-217.

Koopowitz, H. and A. Thornhill. 1994. Gene banking and orchid seeds. American
Orchid Society Bulletin 63: 1383-1386.

Koopowitz, H. and R. Ward. 1984. A technological solution for the practical
conservation of orchid species. Orchid Advocate 10: 43-45.

Leavit, R. G. 1901. Noteson the embryology of some New England orchids. Rhodora
3: 61-63.

Leeson, E., C. Haynes, and T. C. E. Wells. 1991. Studies of the phenology and dry
matter allocation of Dactylorhiza fuchsii. Pages 125-138inT. C. E. Wellsand J. H.
Willems (Editors). Population Ecology of Terrestrial Orchids. SPB Academic
Publishing, The Hague, Netherlands.



Liddell, R. W. 1952. Germination native orchid seed. American Orchid Society Bulletin
21: 92-93.

Linden, B. 1980. Aseptic germination of seeds of northern terrestrial orchids. Annales
Botanici Fennici 17: 174-182.

McKinley, T. 1995. Factors affecting seed germination of terrestrial orchid Goodyera
repens var. ophiodes and in vitro culture Orchidaceous mycorrhiza. Ph. D. dissertation.
Clemson University, Clemson, South Carolina, USA.

Mester, M. R, J. D. Ackerman, and K. L. Lu. 1980. The effectiveness of fungus gnats as
pollinators. American Journal of Botany 67: 564-567.

Plaxton, E. H., Editor. 1981. North American Terrestrial Orchids. Michigan Orchid
Society, Livonia, Michigan, USA.

Poinar, G. O., Jr. 1988. Orchid bees. Orchids67: 578.

Pritchard, H. W. 1985. Determination of orchid seed viability using flourescein
diacetate: technical report. Plant, Cell and Environment 8: 727-730.

Smith, S. E. 1966. Physiology and ecology of orchid mycorrhizal fungi with reference
to seedling nutrition. New Phytologist 65: 488-489.

Smreciu, A. and S. Hambleton. 1986. Orchids of Alberta—Microhabitat, Mycotrophy,
and Micropropagation—Summary Report. University of Alberta. Devonian Botanic
Garden.

Stoutamire, W. P. 1964. Seeds and seedlings of native orchids. Michigan Botanist 3:
107-119.

Stoutamire, W. P. 1971. Pollination in temperate American orchids. Pages 233-244 in
Proceedings of the 6" World Orchid Conference.

Stoutamire, W. P. 1974. Terrestrial orchid seedlings. Pages 101-128 in C. L. Withner
(Editor). The Orchids: <cientific Sudies. John Wiley and Sons, New Y ork, New Y ork.

Warcup, J. H. 1973. Symbiotic germination of some Australian terrestrial orchids. New
Phytologist 72: 387-392.

Warcup, J. H. and P. H. B. Talbot. 1966. Perfect states of some Rhizoctonias.
Transactions British Mycological Society 49: 427-435.

Warcup, J. H. and P. H. B. Talbot. 1971. Perfect states of some Rhizoctonias associated
with orchids 1. New Phytologist 70: 35-40.



Weinert, M. 1989. Bibliography on Propagation and Mycorrhiza of Terrestrial Orchids,
1804-1988. Koelz, Konigstein.

Wherry, E. T. 1918. The reactions of the soils supporting the growth of certain orchids.
Journal Washington Academy of Sciences 8: 589-598.

Williams, C. E., and W. C. Johnson. 1992. Factors affecting recruitment of Pinus
pungens in the southern Appaachian Mountains. Canadian Journal of Forest Research
22: 878-887.

Yanagawa, T., M. Nagai, T. Ogino, and R. Maeguchi. 1995. Application of disinfectants
to orchid seeds, plantlets and media as a means to prevent in vitro contamination.
Lindleyana 10: 33-36.

Zettler, L. W. 1997. Orchid-fungal symbiosis and its value in conservation. Mcllvainea
13: 40-45.

Zettler, L. W. 1997. Terrestrial orchid conservation by symbiotic seed germination:
techniques and perspectives. Selbyana 18: 188-194.

Zettler, L. W. 1998. Orchid conservation in the 21% century. The value of including

mycorrhizal fungi to preserve endangered species (Conference Proceedings). North
American Native Orchid Journal 4: 260-270.



2. Habitat Descriptions

Gibson1905: cold and damp cedar woods and ferny places

Nylander 1918: cedar swamp (ME .002)

Fernald 1919: found with Thuja occidentalis, northern ME, New Brunswick, Gaspé
House 1923: damp mossy woods

Morris and Eames 1929: found in moist mossy hollows in bogs under cover of cedar,
spruce, tamarack; in rich wet bog cover, in open areas at edge of thicket, and sparsely

treed sedgy areas. Has a preference for neutral soil, tolerant of some acidity, also found
in limestone areas of Ontario and Quebec.

Correll 1950: Found in places with cool summer climate, plenty of moisture with good
drainage, and sufficient lime to keep the soil reaction neutral or essentially so. Found in
cold moist or wet forests, common in calcareous regions, in cedar, spruce or tamarack
swamps and bogs, in moss of spruce-covered mountain slopes, and in peaty open soil. In
Newfoundland, it occurs on turfy limestone barrens.

Case 1964: The most important feature of habitat is COLD SOIL, other features vary:

sun or shade (if cool soil and limited competition—both even at one location); wet or dry
(bog wetness or in dry beds of spruce needles). In Michigan and Wisconsin, found

amost exclusively in very cold balsam fir-black spruce-white cedar bogs, usually with a
layer of marl underneath. Amerorchis characteristically grows in beds of mosses, or
occasionally in cedar or spruce needles, usually in pockets or well-like depressions at the
base of trees and avoids competition with larger herbs. In the far north, it is a plant of dry
spruce woods and open tundra. “In general, orchids, like most plants, show greater
tolerance for varied habitats in the heart of their geographic range, but become more
selective and exacting near its periphery.”

Seymour 1969: bogs, swamps, boggy woods

Leur 1975: In the far north, Amerorchis grows dwarfed in full exposure of cold open
tundra or limestone barrens. In the west, it grows in cold coniferous forests and at
moderate elevations, and may thrive in the humus of dry spruce needles. Farther south
plants are restricted to shaded bogs where cool moist beds of Sphagnum moss offer
summer air-conditioning. Good drainage of a constant water supply over sufficient lime
is essentia for the frail roots, which can tolerate neither heat nor acid.

Cameron 1976: damp woods and cedar/tamarack swamps; neutral to slightly acid soil
Eastman 1977: cold, moist, wet conifer forest, often calcareous; tundra and limestone

barrens in north. In Maine, Amerorchis is found under mature Thuja in cold ground, with
partial sun/shade, and limited competition.



Mitchell and Sheviak 1981.: cold, calcareous swamps (historic habitat in NY)

Crow 1982: cool wet northern white-cedar woods in Maine, extirpated in Vermont. Also
in low arctic regions of northwest North America.

Gawler 1983: cold alkaline bogs
Keenan 1983: requires cold and limey soil

Whiting and Catling 1986: bogs, fens, wet coniferous forests (dwarf plants in tundra near
Hudson Bay).

Brown 1997: northern cedar swamps and woodlands

Chapman 1997: cold, moist cedar woods to mossy spruce and tamarack bogs, often
associated with limestone soils

Angelo and Boufford (2000): bogs, swamps, boggy woods in basic soil

Hinds 2000: calcareous bogs, fens, cedar swvamps (New Brunswick)
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3. 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 a G (Global), N (National), or S (Subnational) as appropriate.
The numbers have the following meaning:

1 = critically imperiled

2 = imperiled

3 = vulnerable to extirpation or extinction

4 = apparently secure

5 = demonstrably widespread, abundant, and secure.

G1, for example, indicates critical imperilment on arange-wide basis — that is, a great risk of extinction.
S1 indicates critical imperilment within a particular state, province, or other subnational jurisdiction —i.e,,
agreat risk of extirpation of the element from that subnation, regardless of its status elsewhere. Species
known in an area only 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 are imperiled 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 a given 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 as
well 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, a moss, 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 is aqualitative process: it takes into account several factors, including total number,
range, and condition of element occurrences, population size, range extent and area of occupancy, short-
and long-term trends in the foregoing factors, threats, environmental specificity, and fragility. These
factors function 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 is provided for element
occurrences that are extant, but for which information isinadequate to provide a qualitative 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 sites that known to be extirpated. Not all EO’s have received such ranksin all states, and ranks
are not necessarily consistent among states as yet.



