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"Our knowledge about the lives ofindividual plants and oftheir
persistence in plant communities is very incomplete, however,

especially when perennial herbs are concerned" - C. 0. Tamm, 1948.

Terrestrial orchids represent a wide diversity of species that are characterised by an equally diverse
range of life history attributes. Threatened and endangered species of terrestrial orchids have
been identif ed on all continents where they occur and conservation plans have been developed
for some species. Even though there is a considerable amount of information on the ecology of
terrestrial orchids, few species have been studied in detail and most management plans focus on
habitat conservation. In this paper, we consider the diversity of terrestrial orchids and summarise
information on threatened and endangered species from a global perspective. We also describe
approaches to the conservation and restoration of terrestrial orchids and develop the argument that
much information is needed if we are to successfully conserve this diverse group of plant species.

1. Introduction

Terrestrial orchids represent a wide variety of life history types, from autotrophic evergreen to
completely myco-heterotrophic species that obtain most of their resources from a mycobiont. Life
history characteristics ofterrestrial orchids are generally well known (e.g. Dixon, 1991; Rasmussen,
1995) but detailed ecological data are available for relatively few species (e.g. Hutchings, 1987a;
b; Inghe and Tamm, 1988; Mehrhoff, 1989b; Wells and Willems, 1991; Sieg and King, 1995; Gill,
1996; Hutchings, Mendoza and Havers, 1998; Primack and Stacy, 1998; Willems and MeIser,
1998; Shefferson et al., 2001; Kindlmann et al., 2002). Most ecological studies have focused on
pollination biology and, to a lesser degree, population dynamics. Few in situ ecological studies
have considered the dynamics of seeds and protocorms, two important life history stages (Dixon,
1989; Johansen and Rasmussen, 1992; Rasmussen and Whigham, 1993; 1998a; Masuhara and

137



Orchid Conservation

Katsuya, 1994; Perkins, Masuhara and McGee, 1995; Rasmussen, 1995; Stoutamire, 1996; Zelmer,
Cuthbertson and Currah, 1996; Zettler, 1996; Peterson, Ueteke and Ze1mer, 1998; McKendrick,
Leake and Read, 2000; McKendrick et at., 2000; Zettler et al., 2001).

Successful conservation and management of terrestrial orchids are also impacted by the
paucity of ecological information on life histories. Many terrestrial orchid species have declined
in abundance; typically, declining populations are associated with human activities such as habitat
loss and over-collection (Drayton and Primack, 1996; Arft and Ranker, 1998). Terrestrial orchids
are also indirectly impacted by anthropogenic activities such as changing environmental conditions
(Dijk and Eck, 1995; Dijk, Willems and van Andel, 1997) or changes in land management
(Mehrhoff, 1989b; Seig and King, 1995; Parks and Wildlife Service Tasmania, 1998; Anonymous,
1999; Willems, 2002).

Terrestrial orchids are increasingly being listed as endangered (i.e. in danger of extinction)
or threatened (i.e. likely to become endangered in the future) at national levels. For example,
sixteen species of terrestrial orchids have been listed as endangered or threatened in the U.S.
(USFWS, 2001) and Canada (COSEWIC, 2001). Endangered and threatened terrestrial orchids are
conspicuous components of some national lists of threatened taxa. For example, terrestrial orchid
genera comprise the largest family of plants designated as critically endangered for the orchid rich
zone of south-west Western Australia (Atkins, 2001).

How are threatened and endangered orchids managed? In this chapter we attempt to discuss
issues related to the conservation of terrestrial orchids and recommend future research that will
benefit conservation efforts. We begin the paper with a description of the life history strategies
found in terrestrial orchids to demonstrate that we have critical life history information for relatively
few species.

2. Life-history classes in terrestrial orchids

Terrestrial orchid species comprise a wide variety of plant characteristics. The most striking
developments have been the evolution of completely saprophytic protocorms in the early stages of
germination and seedling development with some species that are saprophytic for their complete
life cycle, some even remaining below-ground during their entire life cycles (Dixon and Pate, 1984;
Dixon, Pate and Kuo, 1990). Well known and widely spread northern hemisphere saprophytes
include Neottia nidus-avis, Epipogium aphyllum, Corallorhiza trifida, and Limodorum abortivum,
all species which retain a strongly mycotrophic phase during their life cycle (Ziegenspeck, 1936;
Rose, 1981). Most holo-mycotrophic orchid genera are represented by only a few species with
the holo-mycotrophic habit having arisen throughout a number of phylogenetic lineages in the
Orchidaceae, from the Diurideae to Cymbidieae (see Chase et al., this volume). This pattern is in
contrast to many genera (e.g. Orchis and Ophrys) of terrestrial orchids that include tens of species.

There is a large variety in underground organs among terrestrial orchids, e.g. several types of
persisting rhizomes with roots or small bulb-like tubers, which may be either persistent or renewed
yearly (Wells, 1981). Some species predominantly multiply by vegetative means (Dixon, Buirchell
and Collins, 1989). Hammarbya (Mala:xis) paludosa, for example, produces bulbils, a specialised
form of vegetative reproduction (Kreutz and Dekker, 2000). Some species invest in clonal spread
by producing plants at the end of rather long underground runners, e.g. Herminium monorchis and
Goodyera repens (Grubb, 1990; Wells, 1994). Other species produce asexual corms or branching
rhizomes, which eventually fragment into separate individuals (Kull, 1997).
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The above-ground phase of terrestrial orchids is also highly variable and ranges from evergreen
genera (e.g. Goodyera) to herbaceous perennial species which have leaves that are above-ground
for only a short time, viz. in spring and early summer (e.g. Listera ovata, Orchis purpurea, and
Dactylorhiza fuchsii). Still other species produce leaves early in the growing season and persist
until freezing temperatures return (e.g. species of Cypripedium). Cool temperate wintergreen
species such as Spiranthes spiralis, Aceras anthropophorum, and Tipularia discolor are above
ground for the greater part of the year, viz. 7-9 months (Wells, 1981; Whigham, 1984; Willems and
Lahtinen, 1997). Many terrestrial orchids (e.g. Galearis spectabilis, Cypripedium calceolus) flower
soon after emergence in the spring (Kull, 1987) but some genera have species that flower in mid
summer (e.g. Goodyera) or autumn (e.g. Corallorhiza). In Leporellafimbriata and Genoplesium
spp. (Fig. 1) from the summer-dry mediterranean type climate of southern Australia, precocious
flowering ensures that ripened seeds are produced in concert with breaking rains. In the Western
Australian underground orchid (Rhizanthella gardneri) , the seven month long seed maturation
period is supported by the full period of winter rains prior to plant senescence in late spring.

Figure 1. Leporella fimbriata is a clonal species that releases seed mid-way through the growing season
(L). Genoplesium nigricans is a precocious flowering and seeding species often completing both phases
just prior to the start of the growing season (R). (Photos: M.e. Brundrett (L); G. Brockman (R))

Flowering in many orchids is determined by the resource status of plants, which in turn
is influenced by habitat management, climatic conditions, or patterns of herbivory. Among
wintergreen species, for example, there are important differences in timing and frequency of
flowering. Spiranthes spiralis flowers in August-September and the number of flowering plants
is largely determined by the plant's performance during the previous year. Plant performance
is mostly determined by site management. For plants to flower, the sward has to be very low
and open during the greater part of the above-ground phase of the species, enabling the plants to
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store sufficient carbohydrates to support the flowering stalk the next growing season (Willems,
Balounova and Kindlmann, 2001). In contrast, flowering in Aceras anthropophorum takes place
at the end of the above-ground phase of the plants, viz. in June, and is controlled primarily by
environmental conditions (e.g. precipitation) during the same growing season, rather than habitat
management (Wells, 1981). A significant number of terrestrial taxa from arid-tropical (Eulophia
bicallosa from northern Australia) to dry mediterranean species (Caladenia reptans, Leporella
fimbriata, Leptoceras menziesii, Pyrorchis nigricans (Fig. 2) and others) have highly synchronised
flowering in the wet season following a fire.

The literature contains few data on the longevity of individuals in populations of terrestrial
orchids. Tamm (1972) and Inghe and Tamm (1988) showed that individuals of some species live for
several decades or even more than a century. Long-term population studies have also demonstrated
that clonal and non-clonal species in Cypripedium can also be long-lived (Gill, 1996; Kull, 1997).
Such life spans are in sharp contrast with short-lived species, such as Ophrys sphegodes with
an average age of about 2 years (Hutchings, 1987a; b) and Coeloglossum viride (Fig. 2) of only
1.5 years (Willems and MeIser, 1998). Long-term populations studies have also demonstrated
that individuals can remain below-ground for several years, a situation that may be important in
considering the rare, threatened, or endangered status of terrestrial orchids (Shefferson et al., 2001;
Willems, 2002). Also, little is known about the life-span of individual plants and their performance
over time. Individuals of the long-lived Lady's tresses (Spiranthes spiralis) from northern Europe

Figure 2. Pyrorchis nigricans is a relatively long-lived, clonal species with prolific flowering following fire
(L). Coeloglossum viride represents one of the shortest documented life-cycles in a terrestrial orchid of
just 1.5 years (R). (Photos: R.L. Barrett (L); D.T. Ettlinger (R))
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showed no decrease in seed production some 20 years after attaining flowering maturity for the first
time (Willems and Dorland, 2000). Plant longevity data are of great importance in order to devise
appropriate conservation measures. For short-lived species, yearly seed production is a prerequisite
for their preservation, whereas for long-lived species, habitat management for survival of individual
plants may be more important. Although detailed long-term studies are rather rare, provisional data
suggest that both r- and K-strategists (sensu MacArthur and Wilson, 1967) can be distinguished in
terrestrial orchids (Hutchings, 1989; Willems and MeIser, 1998; Roberts, this volume).

The subterranean life phase (prior to the first appearance above-ground as an autotrophic
plant) of terrestrial orchids is rarely investigated (Rasmussen, 1995; 2002). In spite of this, it is
obvious from present knowledge that the duration of the underground phase varies from very short
(a matter of months or less) to at least 15 years (Hutchings, 1989; Rasmussen, 1995; Wells, 1981).
In Orchis simia, it was observed under field conditions that the duration of the protocorm stage
(i.e. between seed germination and appearance of the first green leaves) lasted at least 3-4 years,
whereas another 3 year period was required to achieve first flowering (Willems, 1982). The highly
variable duration of the subterranean life phase needs to be carefully evaluated in the derivation of
management measures at a given site and for particular species.

Pollination is another aspect that varies among terrestrial orchids in the temperate zone and
is discussed in detail by Roberts (this volume). Successful pollination can result from autogamy
or cleistogamy but most species require insects (i.e. entomogamy) for successful pollination. A
large variety of insect pollinators have been identified and they can be attracted by either smell
or shape of the flower, e.g. mimicking sexual partners for groups of insects like bees, bumble
bees or flies (Darwin, 1888; Nilsson, 1992; van der Cingel, 1995). Pollinator limitation may be a
factor influencing the geographical distribution of an orchid species, especially near the margins of
distribution (Sipes and Tepedino, 1995).

3. Distribution, threats and status of terrestrial orchids

In this section, we review global patterns of taxonomic diversity among terrestrial orchids with
an emphasis on the temperate zone, especially in Europe. We also consider the range of threats to
terrestrial orchids and approaches that are used to identify and protect species that are threatened
or endangered. The Orchidaceae comprises some 25,000 species that grow in various habitats,
and with life forms ranging from underground to epiphytic. Most species occur in the tropics and
subtropics, and an estimated 75-80% are epiphytic (A. Pridgeon, pers. comm.).

3.1 Canada and the United States

Canada and the U.S. have about 190 orchid species, including approximately 60 subtropical
terrestrial and epiphytic species mainly restricted to Florida and nearby (Hagsater and Dumont,
1996). Many of the terrestrial genera in the U.S. and Canada are widespread and species diversity
is lowest in arid areas such as the desert southwest and drier portions of the western mountains.
Threats to orchids in the U.S. and Canada include widespread direct and indirect loss of habitat
caused by expanding human activities and more localised activities such as pollution, over
collection, and threats from invasive species. More information on threatened and endangered
terrestrial orchids in the U.S. and Canada is provided in section 5.

141



Orchid Conservation

3.2 Australasia

Australasia, including Australia and New Zealand, has a rich and diverse orchid flora (Hagsater
and Dumont, 1996). Terrestrial orchids are especially diverse in southwest Australia and Victoria,
each with more than 300 taxa, many of them endemic (Dixon, 1989; Backhouse and Jeanes 1995;
Ho'pper and Brown 2001). New Zealand has more than a hundred species with a number of
intriguing contemporary rarities or 'vagrant' species believed to be recent, natural introductions
from Australia (St George and McCrae, 1990). Threats to terrestrial orchids throughout Australasia
include direct and indirect loss of habitat, over-collection and the widespread and pervasive impact
of weeds, feral animals, salinisation, pests and diseases (Cropper, 1993; Dixon and Hopper 1996).
Terrestrial orchids of conservation concern in Australia and New Zealand are listed in Table 1
below.

3.3 North Asia

North Asia (Siberia, Korean Peninsula, Ryukyu Islands, eastern part of mainland China) and Japan
also have a rich orchid flora (Hagsater and Dumont, 1996) and most of the estimated 400 species
are terrestrial. Geographically, the diversity of terrestrial orchids is high in Japan (approximately
225 species) compared to the Korean Peninsula (40 species). Only two species of terrestrial orchids
(Liparis elliptica, Cypripedium macranthos var. speciosum) are nationally protected in Japan.
China also has a diverse orchid flora and include horticulturally significant and ethnobotanical taxa
which are threatened because of over-collection and illegal export (P. Cribb, pers. comm.).

3.4 Europe

Countries in Europe, North Africa, and the Near East have over 300 species of terrestrial orchids
(Hagsater and Dumont, 1996). This region, including more than 50 countries, and represents a
region of environmental complexity and includes habitats distributed over five floristic regions
(mediterranean, sub-mediterranean, temperate, boreal, arctic). Many countries in the region
share common genera and species, and a relatively large number of species are of conservation
concern because of a long history of human impact, including extensive land clearing, grazing and
ethnobotanical use. Many of the terrestrial orchids in this region have adapted to the wide range of
human activities and conservation often involves active management (Reinhard et aI., 1991).

In 1992, a well-documented publication on the conservation of European orchids appeared as
a report of the Council of Europe (Stewart, 1992). Approximately 200 species native to that area
(at that time western Europe), had decreased, both in the number of recorded sites and population
size. The primary cause for this decline was habitat degradation stemming from altered agricultural
practices half a century earlier. Semi-natural habitats, with their rich and higWy diverse orchid
flora, have decreased over much of Europe. For example, in the United Kingdom only 5% of the
traditional hay-lands survive, and chalk grasslands and natural or traditionally managed woodlands
have decreased by 20% and 60%, respectively (Rackham, 1980; Stewart, 1992). Similar data
can be obtained from other orchid habitats in the Mediterranean area, where the highest diversity
of species is found. About 90% of the total number of European orchid species occur in the
Mediterranean region, including species with spectacular pollination syndromes including a number
of endemic species (Polunin and Walters, 1985). Noteworthy are the islands in the eastern part of
the Mediterranean area, with calcareous soils, which support a very diverse orchid flora, including
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many endemic species. For example, on Cyprus, the easternmost island, 40 species of terrestrial
orchids can be encountered, including 3 endemic species (Wood, 1985).

In many parts of Europe, the diversity of orchid species is related to the large variation in
geomorphology, especially in limestone areas (Bournerias, 1998). In Cyprus, the highest peaks
of the Troodos Mountains are almost 2,000 m; the island has as many native orchids as The
Netherlands, even though it is only about a quarter of the size. Switzerland, with mountains of
over 4,000 m has about 70 native orchids compared to 40 taxa in The Netherlands, a country of
approximately the same size. Turkey has 148 orchid species (Kreutz, 1998) with wild orchid tubers
and roots collected every year to produce "salep" which is used to flavour ice cream and as a drink.
Some 60-100 tons of underground organs are "harvested" from natural populations (Voth, 1973;
Kreutz, 1998). In particular, the genera Anacamptis, Ophrys, Orchis, Serapias and Spiranthes are
collected (Stewart, 1992). The impact of this traditional extractive practice on the conservation
status of the harvested species requires investigation.

Figure 3. Widespread habitat loss has resulted in Liparis loeselii (L) and Hammarbya (Malaxis) paludosa
(R) becoming endangered in northern Europe. (Photos: RBG Kew)

Apart from locally threatened species, few terrestrial orchids are severely endangered in the
majority of the 20 countries of the European Community. Cypripedium calceolus, Hammarbya
(Malaxis) paludosa, and Liparis loeselii are noteworthy exceptions. Cypripedium calceolus is a
species that was once widespread in Europe and occupied many different habitats. However, due
to the large and attractive flowers, this species was a clear target for plant collectors and has been
extirpated from smaller countries like Luxemburg and Belgium (De Langhe et al., 1983; Bournerias,
1998) with a single wild plant in the United Kingdom (Wood, 1989; Stewart, 1992; Ramsey and
Stewart, 1998). Liparis loeselii and Hammarbya (Malaxis) paludosa (Fig. 3), both species with
inconspicuous flowers and existing mainly in northern European countries, are endangered by
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drainage and eutrophication of their wetland habitats, oligotrophic bogs and fens (Gehu and Wattez,
1971; Adema, 1985; Weeda, 1985; Stewart, 1992; Wheeler, Lambley and Geeson, 1998).

4. International and national standards for orchid conservation

Legislation for the conservation of terrestrial orchids exist in many countries and there are also
international agreements regulating the trade in orchid species.

mCN-The World Conservation Union is the leading international organisation devoted to the
conservation of 'the integrity and diversity of nature'. mCN actively encourages member states,
agencies, non-government organisations, and affiliates to identify resources that are threatened and
endangered.

The Species Survival Commission (SSC) is one of six volunteer commissions of IUCN, and
consists of a network of 125 taxonomic and regional Specialist Groups. The Orchid Specialist
Group of the SSC was established in 1984 and is an international network of professional and non
professional volunteers who are committed to the conservation and sustainable utilisation of orchid
species and their habitats.

The IUCN Species Survival Commission maintains a Web site (IUCN, 2001) that can be used
to search for information on threatened species. Currently, there are few orchid species listed; this
does not, however, reflect current trends or our status of knowledge; rather it is the result of the
implementation of a new Red Listing process using the revised criteria, which will involve several
years of work for the Orchidaceae.

World trade in plants, including orchids, and animals is largely regulated by CITES (Convention
on International Trade in Endangered Species of Wild Fauna and Flora). The Convention entered
into force in 1975 and there are currently 152 Parties (CITES, 2001). In addition to CITES, many
States have further legislation regulating trade in orchids, e.g. European regulations, as well as
procedures for listing species requiring protection.

In the US, listing endangered or threatened species is mandated under the Endangered Species
Act (1996). The US Fish and Wildlife Service currently lists 7 species of terrestrial orchids (Table
1), and one species (Platanthera integrilabia) is proposed for listing. Eight terrestrial orchids
have been listed for Canada (Table 1) and two (Isotria medeoloides, Platanthera praeclara) are
also on the US list. Australia and New Zealand are examples of two countries in the southern
hemisphere that share common genera and have extensive legislative mechanisms for the protection
of terrestrial orchids. Two genera (Prasophyllum, Pterostylis) have been listed in both Australia
and New Zealand (Table 1) but the species differ. Australia has many listed species, most likely the
result of a relatively high level of endemism and species diversity and a number of comprehensive
modern treatments of the orchid flora compared to other countries listed in Table 1.

Almost all Red Data Lists of European countries contain a number of orchid species that
require protection from habitat destruction or by abating the causes of decline by appropriate
management measures. The British Red Data Book for vascular plants includes 14 orchid species,
which is 28% of the total number listed (Perring and Farrell, 1983; Wood, 1989). Sometimes it is
difficult, especially for non-botanists, to recognise protected species, especially for Dactylorhiza
and Ophrys. Accordingly, Stewart (1992) recommended that governments put all native orchid
species on the Red Data List to avoid difficulties with identification of the species, whether or not
they are protected (Ludwig and Schnittler, 1996). This has already been realised in The Netherlands,
where all 38 species are protected by law; although two, Listera ovata and Epipactis helleborine,
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are neither threatened nor rare in the country. Most countries in northern Europe have regulations
to protect terrestrial orchids and in some countries the percentage of terrestrials that are protected is
quite high. In Norway, for example, 49% of the 39 terrestrial orchid species have protected status.
The 1979 Convention on the Conservation of European Wildlife and Natural Habitats (Berne
Convention) also provides a mechanism for protecting terrestrial orchids; however, among the 119
plant species listed, there is only one orchid species, viz. Ophrys kotschyi (Table 1), one of three
endemic orchids from Cyprus (Stewart, 1992).

5. Management of terrestrial orchids

5.1 Approaches to management in Europe and the United States

In the previous section, we demonstrated that considerable effort has been made in some parts
or the world to identify terrestrial orchids that are threatened or endangered. How are species of
threatened terrestrial orchids managed, and is ecological information used in the development of
management plans?

Terrestrial orchids typically become the focus of conservation efforts following documentation
that populations have been reduced to the point where extirpation is a distinct possibility. The
typical action plan for conservation of terrestrial orchids involves protection of remaining
populations through habitat management. Ecological studies, however, are usually initiated only
after recognition that a species has declined and there are concerns about extinction or the loss of
genetic variability (e.g. Hutchings, 1987a; Mehrhoff, 1989a; b; Farrell, 1991; Sipes and Tepedino,
1995; Sun, 1996; Arft and Ranker, 1998; Willems and MeIser, 1998).

In Europe, active means of vegetation management are often used to sustain and increase
populations of terrestrial orchids. Many European species occur in grasslands or wetlands and
populations decline following invasion of woody species or following changes in grazing and
mowing practices. For example, Willems (1989) found that populations of the endangered
Spiranthes spiralis (Fig. 4) decreased dramatically in the Limburg area of the Netherlands from
about 50 sites before 1950 to only one site at present. The decline of this species was the direct
result of increased shading following grassland abandonment. Reintroduction of grazing and
removal of invading woody species has led to an increase in population size of S. spiralis. Ophrys
sphegodes, a rare species in the United Kingdom, is also sensitive to shading (Hutchings, 1987a),
and habitat management is essential to sustain the remaining populations. In the case of O.
sphegodes, however, care must be taken in determining which animals are used in management, as
sheep are beneficial while cattle grazing is detrimental (Waite and Hutchings, 1991).

In the US, management plans are developed for endangered species that have been officially
recognised under the Endangered Species Act. Isotria medeoloides, a terrestrial orchid in eastern
North America, was listed as an endangered species in 1982 and the status was changed to threatened
in 1994 because the number of known populations had increased significantly (e.g. Sperduto and
Congalton, 1996). A national recovery plan was developed for 1. medeoloides (von Oettingen, 1992)
based, in part, on results of ecological studies. Mehrhoff (1989a; b) examined several populations of
1. medeoloides and found that it is a mid-successional species that declines in response to increased
shading and competition from surrounding plants. Mehrhoff (1989a) suggested that it would not
be possible to conserve populations of 1. medeoloides by site acquisition alone, but that active site
management would be required. Some populations of I. medeoloides have been protected by site-
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Figure 4. Spiranthes spira/is is endangered in the Netherlands where grazing or mowing is required to
ensure that plants are not over-shaded. (Photos: P.J. Cribb (L); J. Delamain (R»

specific purchases but the long-term viability of the species is not assured because populations on
private land could be lost to development or negatively impacted by logging (NatureServe, 2001).

Like Isotria medeoloides, Platanthera praeclara is an endangered North American species
that had declined substantially before ecological studies had been initiated. Platanthera praeclara
was originally common in wetland habitats throughout much of the tallgrass prairie, but conversion
of native grassland to agricultural production reduced the species distribution to areas in Minnesota
and North Dakota in the U.S., and Manitoba in Canada (Sieg and King, 1995). A Recovery Plan
was developed for the species in 1996 (USFWS, 2002) and detailed Management Guidelines were
written for a population in the Sheyenne National Grassland in North Dakota (Anon., 1999). The
Management Guidelines were based on a metapopulation approach using life history and population
data published by Sieg and King (1995). One goal of the Management Guidelines was to establish
core areas that would be managed to protect plants during their period of reproduction (late April to
mid-September). The population size of P. praeclara has increased substantially in the Sheyenne
National Grassland. While management, especially autumn burning, seems to have had a significant
and positive impact, much of the success may be due to changing weather conditions (B. Stotts,
pers. comm.). The Sheyenne population declined during a drought in the 1980s and in the 1990s, a
period of high precipitation, has increased just as rapidly as the previous decline occurred.

In the U.S., there are also examples of management plans that have been developed for
species that have not been given national protection. Similar to management plans for species
given national recognition, the three examples of regional management plants that we present
were each developed with little ecological knowledge. The Bureau of Land Management (BLM)
manages extensive areas in the western U.S. and they are required to develop management plans
for species of conservation concern that occur on lands that they manage. Three terrestrial orchids
of conservation concern (Cypripediumjasciculatum, C. montanum, Platanthera orbiculata) occur
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Table 1. Threatened and endangered species of terrestrial orchids in two countries in the northern
hemisphere (US and Canada), Europe, and two countries in the southern hemisphere (Australia and New
Zealand). Sources of information are: US (USFWS, 2001) Canada (COSEWIC, 2001), New Zealand
(HOS, 2001), Australia (ANOS, 2001). Status (refer to Web sites for each country for definitions): Critical
=C, Endangered =EN, Extinct = EX, Special Concern =SC, Threatened =T, Vulnerable =V.

Species
Bulbophyl/um globuliforme
Caladenia arenaria
Caladenia concolor
Caladenia rosel/a
Caladenia tessel/ata
Cephalanthera austiniae
Chiloglottis formicifera
Cryptostylis hunteriana
Cypripedium candidum
Diuris aequalis
Diuris arenaria
Diuris disposita
Diuris flavescens
Diuris pedunculata
Diuris praecox
Diuris shaeffiana
Diuris venosa
Epipactis gigantea
Genoplesium plumosum
Genoplesium rhyoliticum
Isotria medeoloides
Liparis liIiifolia
Microtis angusii
Ophrys kotschyi
Phaius australis
Phaius tankervilleae
Platanthera leucophaea
Platanthera praeclara
Platanthera holochila
Prasophyl/um affine
Prasophyl/um aft. patens
Prasophyl/um fuscum
Prasophyl/um morganii
Prasophyl/um petilum
Prasophyl/um uroglossum
Pterostylis cobarensis
Pterostylis cucul/ata
Pterostylis micromega
Pterostylis nigricans
Pterostylis nutans
Pterostylis pulchel/a
Pterostylis gibbosa
Pterostylis saxicola
Pterostylis sp. Botany Bay

Status
V
EN
EN
EN
V
SC
EX
V
EN
V
EN
EN
EN
EN
V
V
V
SC
EN
EN
EN
EN
EN
EN
EN
EN
T (US), SC (Canada)
T (US), EN (Canada)
EN
EN
V
V
V
EN
EN
V
V
T
V
EX
V
EN
EN
EN
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Country
Australia
Australia
Australia
Australia
Australia
Canada
New Zealand
Australia
Canada
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Canada
Australia
Australia
United States, Canada
Canada
Australia
Europe
Australia
Australia
United States, Canada
United States, Canada
United States
Australia
New Zealand
Australia
Australia
Australia
Australia
Australia
Australia
New Zealand
Australia
New Zealand
Australia
Australia
Australia
Australia
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Table 1. continued.

Species
Sarcochilus hartmannii
Sarcochilus weinthalii
Spiranthes de/itescens
Spiranthes diluvialis
Spiranthes parksii
Thelymitra matthews;;
Triphora trianthophora

Status
V
V
EN
T
EN
C
EN

Country
Australia
Australia
United States
United States
United States
New Zealand
Canada

in BLM lands in California, Oregon and Washington. Cypripediumfasciculatum and C. montanum
have many features in common and management recommendations are very similar. Both have
been identified as species of conservation concern and both species have long-lived individuals in
forests over a wide range of altitudes (300-2,150 m). The greatest threat to both species appears
to be the loss of small isolated populations through activities that disturb the soil and litter layers,
or decrease canopy cover below 60% (Seevers and Lang, 1998a; b). To our knowledge, there have
not been any detailed population studies of either species, and knowledge about their ecology and
biology is limited (Seevers and Lang, 1998a; b). Given the lack of knowledge about the species,
suggested management plans focus on avoidance of large-scale and intense anthropogenic activities
that would negatively impact existing populations. The management recommendation documents
for both species, not surprisingly, contain long lists of research questions and gaps in information.
There are no data, for example, on the level of disturbance that plants can sustain before they die.
There have not been any published studies of the mycobionts, pollinators, or ecological requirements
of various life cycle stages (e.g. seeds to protocorms) for either species.

More taxonomic and ecological information is available for Platanthera orbiculata, a species
that is more common and widespread in eastern North America (Currah, Smreciu and Hambleton,
1990; Reddoch and Reddoch, 1993). In the western U.S., it is also more common than Cypripedium
fasciculatum and C. montanum (Lesher and Henderson, 1998). Management recommendations
for P. orbiculata were developed because it has a limited distribution on the western slopes of the
Cascade Mountains and it is rare in some locations. Additionally, populations tend to be small and
the species may be vulnerable to herbivory (Lesher and Henderson, 1998). Compared with the other
two species, management recommendations for P. orbiculata focus mostly on avoiding the use of
herbicides that might affect pollinators, and management of forested landscapes. The plan included
recommendations that the status of the species be assessed in areas that have been proposed for land
conversion (i.e. logging), and that conservation plans be developed for areas in which the species
occurs. Recommendations in the plan mostly focus on the management of forested landscapes to
include stands in all ages of succession, thus increasing the possibility that some populations of the
orchid will be able to persist.

With the exception of lsotria medeoloides, all the examples that we have provided for
terrestrial orchids in the U.S. demonstrate that management decisions were made with minimal
ecological information on population dynamics, habitat requirements, and basic life history data.
It is also noteworthy that none of the management plans described in this section included plans to
restore species through the introduction of seeds, protocorms, or fungi required by the orchids. The
assumption for all management plans was that habitat protection and management were the first
levels of defence to avoid extinction. Management plans were also based on the assumption that
species would be able to recover naturally if populations were protected.
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5.2 Effectiveness ofmanagement plans

Bearing in mind that current management plans are often developed with little knowledge
about species ecology, have they resulted in increases in the number of populations, the number
of individuals within populations, and in the genetic diversity of the species being managed?
Most management plans dedicated to orchid conservation are relatively recent «15 years) and
it is probably too early to determine if the habitat approach to management has been successful
in releasing species from the threat of extirpation. In some instances, habitat-environmental
interactions may be very complex and it will be difficult to develop suitable management plans
without additional long-term population studies (e.g. Sieg and King, 1995). There are, however, a
few success stories. Platanthera praeclara has increased substantially at a North Dakota site due to
a combination of effective management of grazing and a natural shift to wetter climatic conditions.
Others are Coeloglossum viride and Spiranthes spiralis which, in the Netherlands, have benefited
from management plans that controlled the timing of mowing, removal of the mowed biomass,
and eliminated application of fertiliser (Willems and Lahtinen, 1997; Willems and MeIser, 1998).
Restriction of sheep grazing to winter periods has also benefited Ophrys sphegodes, a rare terrestrial
orchid in the United Kingdom (Hutchings, 1987a).

Research-based management has lead to the stabilisation and restoration of populations in 10
out of 32 endangered orchid species in northern Switzerland. This has led to the introduction of the
so-called Blue List in Switzerland (Gigon et al., 2000) which contains a number of orchid species
no longer threatened and able to be removed from the Red List. The Blue List clearly demonstrates
that conservation successes result from the application of appropriate management practices, and
reinforces to the general public that biodiversity can be successfully sustained.

We expect that there have been other success stories related to habitat management but most
of them probably do not result in readily accessible publications. If habitat management is the
best approach available given limitations on ecological information, what role can population,
ecological, and genetic studies play in increasing the chances that threatened and endangered
species will survive and flourish? Also, can management of terrestrial orchids benefit from studies
of orchid-mycorrhiza interactions?

6. Augmentation of conservation efforts

6.1 Population studies

Population monitoring is an essential element of studies of threatened and endangered terrestrial
orchids. Without an adequate monitoring program, it would not be possible to follow the responses
of populations to natural and anthropogenic changes to their habitats. Population studies are also
important because they are required to elicit patterns and processes that are easily overlooked.
For example, naturalists have known for decades that there is annual variability in the numbers
of flowering plants in orchid populations and many long-term data sets on flowering exist, e.g. 20
successive years of monitoring Spiranthes spiralis in Germany (Salkowski, 1990) and almost 60
years for Anacamptis pyramidalis in The Netherlands (Kreutz and Dekker, 2000). Efforts have been
made to link the yearly fluctuating numbers of flowering plants with external and environmental
factors, e.g. variation in climatic conditions. However, such long-term data series on flowering
contribute little to an understanding of population dynamics as many individuals, probably the
majority, do not flower regularly and individuals may not appear above-ground annually.
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Irregular flowering of some orchid species was the incentive for an investigation, started in
1942, designed to follow the fate of individual plants in permanently marked plots in Sweden
(Tamm, 1948; 1991). One of Tamm's research questions was whether non-flowering plants
were absent or present above-ground. Tamm monitored yearly populations of different herbs,
including some orchids, for several decades, and expressed the results in conveniently arranged
life line diagrams. From these figures, not only the fate of individu,als became clear (e.g. flowering
frequency), but also important population characteristics, such as recruitment, flowering percentage
and mortality. The ability of individuals to persist below-ground for one or more years was first
shown by Tamm (1948).

Wells (1967) also found this pattern during a monitoring study of individuals of Spiranthes
spiralis. Long-term monitoring in combination with phenological observations of the whole plant,
including the underground parts, revealed new information on population dynamics of terrestrial
orchids. Wells and others have demonstrated that the percentage of temporarily absent aerial plants
can account for >50% of the total population (e.g. Wells, 1981; 1994; Willems and Bik, 1991). It is
now widely recognised that individual plants can remain dormant for one or more years (Hutchings,
1987a; Mehrhoff, 1989b; Gill, 1996; Hutchings, Mendoza and Havers, 1998; Willems and MeIser,
1998) even though the causes of dormancy are not understood.

A recent paper by Shefferson et al. (2001) demonstrates the importance of obtaining data on
individual plants from long-term monitoring studies. They monitored Cypripedium caiceolus ssp.
parviflorum (c. parviflorum), an endangered species in most states in the U.S. where it occurs, in
eight patches for five years and applied mark-recapture statistics to estimate annual probabilities of
dormancy. Their results showed that dormancy was influenced by spring frost days, precipitation,
and mean spring temperatures. They also demonstrated that dormancy patterns differed among
patches, a finding that suggests the importance of monitoring more than one patch or population.

Population monitoring data can also be used to develop survivorship curves of plant cohorts,
thus estimating the longevity of individuals, and to develop age structure diagrams of populations;
the latter being an important tool to gain insight into population performance (Willems and Bik,
1991; Vakhrameeva and Tatarenko, 1998; Tali, 2002). Population monitoring is also useful for
other reasons. The impacts of altering management practices or changing climatic conditions can
be analysed through the use of transition matrix models that simulate population processes (Waite,
1989; Gregg, 1991; Waite and Hutchings, 1991). Matrix models are considered more extensively
by Tremblay and Hutchings (this volume).

6.2 Genetic studies

The genetic diversity of rare and threatened species has been recognised to be important because
small and isolated populations either have or potentially have limited genetic diversity (Karron,
1991). Patterns of genetic diversity in rare and threatened terrestrial orchids, however, remain
virtually unknown, as few species have been studied (e.g. Arft and Ranker, 1998; Ehlers and
Pedersen, 2000; Sun, 1996; 1997; Wong and Sun, 1999). The few studies that have been carried out
suggest that general patterns are not likely to be easily identified and that management for purposes
of conserving or increasing genetic diversity is likely to require information about each species of
concern. The following examples demonstrate the possible range of patterns of genetic diversity
among terrestrial orchid species. The same studies also demonstrate that genetic studies, and other
studies of reproductive biology, can provide valuable information for development of management
strategies.
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Individual populations of Spiranthes diluvialis, a rare allopolyploid species in western North
America, were shown to contain most of the within-species genetic variability and a high degree
of inter-population gene flow was also suggested (Arft and Ranker, 1998). Sipes and Tepedino
(1995) found that species of Bombus were required for pollination of S. diluvialis. These two
studies of S. diluvialis collectively demonstrate that species conservation should be based on habitat
management with multiple goals. In addition to direct protection of orchid habitat, management
activities need to assure that the primary pollinator has adequate ecological protection and that
S. diluvialis habitats should have a high diversity of flowering species to meet the energetic and
nutritional requirements of the pollinator.

Genetic studies of terrestrial orchids in Hong Kong also offer guidance for conservation and
management (Sun, 1996; 1997; Wong and Sun, 1999). Sun (1997) found low levels of within and
between population genetic diversity in three common colonising species of terrestrial orchids
(Eulophia sinensis, Spiranthes hongkongensis (= S. sinensis), Zeuxine strateumatica) with very
different life history strategies. Sun and colleagues also examined two rare species (Spiranthes
sinensis, Goodyera procera) and found differing genetic patterns (Sun, 1996; Wong and Sun, 1999).
Goodyera procera had low levels of genetic diversity and limited gene flow between populations. In
contrast, Spiranthes sinensis had high levels of genetic variation but the amount of genetic diversity
within a population was less in smaller populations (Sun, 1996). Sun suggested that genetic
diversity of Spiranthes sinensis could be conserved by protection of large and small populations.
Small populations are important because they are genetically distinct from one another, and their
conservation has the potential to preserve the most genetic diversity, including rare alleles.

6.3 Re-establishment ofrare and threatened species

Habitat management has the potential to maintain and enhance populations of threatened and
endangered terrestrial orchids (e.g. Hutchings, 1987a; Farrell, 1991; Willems and Lahtinen, 1997;
Willems and MeIser, 1998). Until recently, very little attention has been given to development
of techniques that can be used to reintroduce plants into native or restored habitats, even though
considerable success has been made germinating seeds and growing and propagating terrestrial
orchids symbiotically (Clements and Ellyard, 1979; Rasmussen, 1995; Allen, 1996). Terrestrial
orchids potentially could be reintroduced as seeds, protocorms, seedlings, or juvenile and adult
plants and recent research is demonstrating the value of artificial processes in orchid establishment
and conservation (Dixon, 1989). We now consider these life history stages in the context of
reintroduction of terrestrial orchids into native or restored habitats.

With the exception of studies of Australian terrestrial orchids (Batty, Dixon and
Sivasithamparam, 2000; Batty et al., 2001; 2002), seeds and protocorms have been difficult to work
with in situ. The development of in situ techniques to retain orchid seeds and protocorms in mesh
bags offers considerable promise for understanding the dynamics of early life history stages (e.g.
Rasmussen and Whigham, 1993). The technique, which involves placing seeds into small mesh
nylon netting which is secured in a plastic slide that can be placed into the soil (Rasmussen and
Whigham, 1993), can be used to examine spatial patterns of germination (Masuhara and Katsuya,
1994; Rasmussen and Whigham, 1998b; McKendrick et at., 2000; Batty et at., 2001). The technique
can also be used as a source of protocorms from which mycorrhiza can be isolated and identified
(Masuhara and Katsuya, 1994; Perkins and McGee, 1995; Zelmer, Cuthbertson and Currah,
1996; McKendrick, Leake and Read, 2000; McKendrick et al., 2000). Spatial patterns of fungal
distribution can also be evaluated using this technique (Masuhara and Katsuya, 1994, McKendrick
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et al., 2000; Batty et al., 2001; Whigham et aI., 2002) and it potentially can be used to reintroduce
orchid-fungi into native and restored habitats. Publications by McKendrick and colleagues
(McKendrick, Leake and Read, 2000; McKendrick et aI., 2000) are especially noteworthy because
they demonstrate how effectively the slide frames technique can be applied. They evaluated three
way interactions between orchids, orchid-fungi, and other green plants. They demonstrated that
Corallorhiza trifida protocorms developed ectomycorrhizal relationships with Betula pendula and
Salix repens but not with Pinus sylvestris. This type of information could prove invaluable when
restoration requires successful establishment of orchids and their ectomycorrhizal hosts.

Laboratory studies also provide useful information on approaches that can be used to artificially
propagate threatened and endangered terrestrial orchids prior to planting them into native or restored
habitats (Batty et aI., 2002; Debeljak et al., 2002). Zettler et al. (2001) were able to successfully
germinate seeds of Platanthera leucophaea following stratification and exposure to fungi collected
from adult plants of the orchid. They grew protocorms infected with mycorrhiza into leaf-bearing
seedlings that could potentially be reintroduced into native habitats. Zettler and colleagues also
found a wide range of germination responses when they exposed seeds from different source
plants to two of the mycorrhiza that they had isolated. Anderson (1996) successfully transplanted
laboratory grown Platanthera ciliaris into the field. These two studies support the results of other
investigators by demonstrating that it is important to conduct detailed studies of each orchid species
and its attendant mycobiont.

Some orchid-mycorrhiza interactions are very specific (e.g. Warcup, 1981) while in other
instances fungi may support seed germination but not protocorm growth (e.g. Masuhara and
Katsuya, 1994). Ongoing research in our laboratory at the Smithsonian demonstrates that Liparis
liliijolia germination and protocorm growth is supported by one fungus over the sampled range of
distribution of the orchid (unpublished data). In contrast, germination and protocorm growth of
Goodyera pubescens are supported by a range of fungal types.

The general consensus of most authors is that restoration by transplanting adult plants is not
desirable, especially for threatened and endangered species that typically have small populations
with few individuals. In addition, it is now illegal to collect terrestrial orchids in many countries. For
many species, transplanting individuals that have been grown from seeds offers greater possibilities,
especially when the seeds are germinated symbiotically and plants develop appropriate mycorrhizas
(Anderson, 1996; Zettler et al., 2001) or when they are sufficiently mature to have less stringent
mycorrhizal requirements (Malmgren, 1996). A web page authored by Marilyn Light (Light, 1998)
and papers in Allen (1996) offer interesting commentaries on the propagation of terrestrial orchids
in the northern hemisphere.

7. Conclusions

Terrestrial orchids represent a widespread group of plants that have attracted considerable interest
from a conservation perspective. Terrestrial orchids encompass a wide range of life history
strategies and have a relationship with fungi that is unique in the plant kingdom. Adult orchids
almost always have mycorrhiza but some species can survive without mycorrhiza. Many species
have become rare, threatened or endangered and international rules and regulations have been
developed to protect them. Many species of terrestrial orchids are endangered because of direct
and indirect changes in habitat, or exploitation by plant collectors. Few species have been studied
in detail; long-term studies of the demographics of individual plants are especially lacking and
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there is even less information on the importance of orchid-fungal interactions. The lack of detailed
ecological information of terrestrial orchids has precluded specific management strategies. Most
management strategies thus are focused less on the ecological and biological requirements of the
endangered species and more on habitat management. Habitat management appears to be a viable
approach for the conservation and reestablishment of threatened and endangered terrestrial orchids
but other information is needed if management outcomes are to be interpreted in an ecological
sense. Management of terrestrial orchids would especially benefit by additional long-term
population studies, studies of the genetic characteristics of populations, experiments and studies of
orchid-fungal interactions, and studies of plant-pollinator interactions.
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