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ABSTRACT

Populations of two terrestrial species of orchids, P. blephariglottis and P. clavellata,
were investigated for two field seasons (1991-1992) to observe population dynamics and to

explore what envi factors (peat i water pH and water level, endophytic

fungi) may influence their distribution within a peatland. The dynamics of the populations
were similar to each other and to that observed for other North American and European
orchid species. Both populations increased in plant numbers, while showing a marked decline
in flowering percentages in 1992. The populations, while having a net gain of individuals, also
lost individuals, but it was not determined if these plants had died or returned to a
subterrancan stage. P. blephariglottis did not set any capsules, and capsule set was very low
for P. clavellata due to a late frost at the time of flowering in both years.

Peat constituent values associated with P, blephariglottis and P,

were, for
the most part, not significantly different, although the values associated with P. clavellata
tended to be higher and to have a greater range than those associated with P. blephariglottis.
Water level values were significantly different between species, suggesting that it is on this
basis that these species partition the habitat. This is similar to the results of Boland and Scott
(1992) for other peatland orchids. The relationship of water level and crown depth implies
that P. clavellata can spend a significant period of time, when actively growing and flowering,
with the crown submerged.

Two mycorrhizal fungi were isolated and found to be associated with both species,

suggesting that the fungi do not play a role in the distribution of these species.
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1. INTRODUCTION

1.1 The Orchidaceae

The Orchidaceae is considered to be one of the largest and most diverse groups of
plants, comprising 7-10% of all angiosperms, about 20,000-25,000 species. There are both
terrestrial and epiphytic species. The greatest diversity of species occurs in the tropical and
subtropical regions of the world where hundreds of genera and thousands of species are
found, most of them epiphytic. The estimate of terrestrial species is between 4,000 and 6,000
and these are most common in subtropical and temperate regions. North America has
approximately 26 genera and 153 species (Dressler, 1981). Newfoundland has 13 genera and

35 species, 2 are saprophytic (Scott, 1985).

Members of the Orchidaceae are best known for their flowers, which range from
exquisitely beautiful to extremely bizarre, and for this reason they have long been sought by
collectors and horticulturalists. The flowers have inspired many studies on pollination and
related areas (Darwin, 1877, van der Pijl and Lodson, 1966; Thien, 1969 ), while the desire
1o propagate the plants has stimulated much research on the germination of seedlings (Arditti,
1967,1968; Blowers and Arditti, 1970; Harvais, 1972, 1973; Warcup, 1973; Arditti et al.,

1981; Rassmussen ef al., 1990).



The terrestrial orchids of north temperate regions generally possess smaller, less
conspicuous flowers and therefore have not been the focus of as much study as tropical and
subtropical orchids, until recently. The majority of these studies has focused on reproductive

ecology (Ackerman, 1981; Catling, 1983b; Cole and Firmage, 1984; Gregg, 1991), sced

germination i and embryological d ( Harvais, 1973; Warcup, 1973;

Wilkinson ef al., 1989; Fredrikson, 1991), and i isolation and i

(Filipello et al., 1985; Currah, 1987; Currah ef al. 1987,1989; Ramsey cf al., 1989; Peterson
and Currah, 1990). There have been very few long-term population studies (Curtis and
Greene, 1953; Wells, 1967, Tamm, 1972a; Calvo, 1990a; Primack and Hall, 1990) and very
little is known about the ecology of northern terrestrial orchids (Correll, 1950; Luer, 1975;

Boland and Scott, 1992).

After seed germination, terrestrial orchids form a subterranean protocorm
(mycorrhizome), which will be replaced by a perennating organ, cither a tuber or rhizome ,
depending on the growth habit of the species. The perennating organ will give risc to the first
leaf and eventually an inflorescence (Wells, 1967; Light and MacConaill, 1991). The time
spent from germination through these stages of development varies considerably from species
to species. The time elapsed between germination and emergence of the first leaf can be as
short as 2 years or as long as 10 or more years. More time elapses before an inflorescence
is produced, and again considerable variation exists between species. Various specics may

spend from 3 1o 13 years in an aboveground vegetative state before flowering (Wells, 1981)



Little is known of the subterranean stages of development for North American
terrestrial orchids, since many of the procedures for making these observations are
destructive. Most studies have been limited to common or alien species (Light and
MacConaill, 1991; Whigham and O'Neill, 1991). The difficult nature of making these
observations has limited the information available even for species that have been studied

extensively (Wells, 1967; Tamm, 1972a).

Orchids, like most vascular and plants, form isti iations with
fungi. In orchids, this association is formed with the embryo during seed germination and, as
the name mycorrhiza (from the Greek for “fungus” and "root") implies, with the absorptive
structures of mature and developing plants (Blowers and Arditti, 1970). This mycorrhizal
assaciation is required for the successful development of both epiphytic and terrestrial orchid

species (Hadley, 1982; Currah et al., 1989).

Fungi that form mycorrhizal associations with absorptive structures are, for the most

part, desi as or izae form a sheath

around the absorptive structure with hyphae penetrating between cortical cells but not within
them. Endomycorrhizae do not form a sheath and the hyphae penetrate the cells of the

absorptive structure. Both iations are to be istic; with the host

providing carbon compounds to the fungus and the fungus enhancing phosphorus and

nitrogen uptake by the host (Smith, 1967,1974; Purves and Hadley, 1975).



The endomycorrhizae can be subdivided into several groups: the vesicular-arbuscular

ericoid izae and

The fungi forming
orchidaceous mycorrhizae come from widely different taxonomic groups and the way in
which they function is considered to be quite different in that, unlike other mycorrhizac, the
carbon flow is from the fungus to the plant (Smith, 1967, 1974). The fungal hyphae enter the
cortical cells of orchid roots where they begin to coil and produce lateral branches, and
eventually form a complex network called a peloton. The orchid cells react to the presence
of the fungus by producing enzymes.The digestion of the peloton by these enzymes is thought
to provide the orchid with nutrients (Cooke, 1977; Arditti, 1979). Other studies have
indicated that the living fungus is capable of providing the orchid with vilamins and may in
fact be of greater importance than nutrients derived from digestion (Harvais and Pekkala,

1975).

1t is this mycorrhizal association that allows terrestrial orchids (o obtain nutrients
during the protocorm stage and at times when mature plants revert to a subterrancan stage.
Mature plants have been known to be 'absent' in a particular growing season and to re-emerge
ina subsequent year (Wells, 1967; Tamm, 1972a; Calvo, 1990a; Light and MacConaill, 1991;
‘Whigham and O'Neill, 1991). The number of years a plant can be 'absent' and still have the
ability to re-emerge is unknown for most species. Wells (1967) suggests that for Spiranthes
spiralis an absence of 2 or more years may indicate the death of the individual, while Light
and MacConaill observed the emergence of an individual of Zpipactis helleborine after a 3

year absence. It is suggested by Light and MacConaill (1991) and Calvo (1990a) that the



mycorrhizae are capable of providing the 'absent' plants with encugh nutrients to allow

flowering immediately following re-emergence.

Terrestrial orchids tend to be fairly long-lived and populations consist of many age
classes of individuals (Wells, 1967,1981; Tamm, 1972a; Wells and Cox, 1991). The ability
to age an individual varies with the type of perennating organ. The species that form a
persistant rhizome can provide some information as to the age of the individual after
excavation and observation of the yearly growth (Kull and Kull, 1991). The species that form
tubers may replace the vegetative growth every year. In such instances excavation of the
tubers would not provide any information concerning the age of individuals. Long term
observations of the population would be the only meaas of obtaining accurate information
pertaining to the age of individuals. Since some species replace all the vegetative structures
cach year, age of the individuals may not be of any relevance to the population as a whole

(Wells, 1981; Willems and Bik, 1991).

Species that have tubers, produce a perennating bud and a shoot primordia below soil
level at the crown. The crown being the point at which the shoot, tubers and roots originate.
New tubers and roots grow alongside the old roots and tubers until a change in conditions
causes the plant 10 die back below ground. The following growing season, the old tubers and
roots have degencrated leaving only the new tubers and roots. The leaf shoot and

inflorescence is produced from tae primordia formed the previous season.



1.2 The Genus Platanthera

Platanthera is distinguished by an unusually wide anther. All members of the genus
are terrestrial and are distributed in north and south temperate regions. Luer (1975) estimates
that there are about two hundred species. There are twelve species on the Island of
Newfoundland (Scott, 1985). The plants of this genus have an crect stem with basal or cauline
leaves, elongate fusiform or somewhat palmate tuberoids, slender roots, and a raceme of
small to medium flowers. The flowers are usually resupinate (the ovary twists 180° during,
development to invert the flower). The tepals are free and the dorsal sepal, along with the
petals, forms a hood over a central structure, known as the column, formed by the fusion of
stamens, style and other tissue. The lip or labellum can be entire, divided, or fringed with a
spurat the base while the lateral petals are spreading or recurved. The anther is found on the
column and is composed of two anther cells or locules. Within cach anther cell is found the
pollinium (sometimes two pollinia), a more or less compact and coherent aggregation of
pollen grains. Attached to each pollinium is a stalk-like structure, the caudicle, which has a
sticky pad, the viscidium. All the pollinia and associated parts of an anther are known as the
pollinarium (Dressler, 1981). The anther cells are separated by connective tissue or the
stigma. In most species of Platanthera the pollinia are removed when the viscidium becomes
attached to a visiting insect. It is then carried away and deposited as a discreet package on

the stigma of another flower (Luer, 1975). In some self-pollinating species, the pollinia are



incoherent and the pollen grains fall in loosely attached groups onto the stigmatic surface

(Catling, 1983a).

1.3 Platanthera blephariglotiis

1.3.1 Morphology

Plat lephariglottis (Willd Lindley var. blephariglotiis, the white
fringed orchid, is one of the larger white-flowered species of this genus found on the island
of Newfoundland. Tt is recognized by the deeply-fringed lip, hence the name blephariglottis,
from the Greek, meaning “eyebrow-tongued” (Correll, 1950) (Figure 1). This species has
basal and cauline leaves. The plants are erect, stout and glabrous, with green, lanceolate,
kecled leaves that sheath the stem below, and are much reduced above. All flowering plants
examined in this study had two basal leaves while non-flowering specimens, for the most part,
had one. The below ground structures consist of 3-4 slender roots extending horizontally
from the crown and one fusiform tuber growing more or less vertically. Developing roots and

tuber for following seasons growth may also be present (Figure 2).

Cole and Firmage (1984) describe the flower colour as ranging from white to cream,
Correll (1950) as white often tinged with cream and Luer (1975) as pure soft white. Although
no pollinators were obscrved, the white colour, presence of fragrance and nectar, and lack of
nectar guides and ultraviolet reflective patterns suggest a moth pollinated flower (Faegri and

van der Pijl, 1971). Smith and Snow (1976) conluded from pollinator observations in



Figure 1. P ofani of P. blephariglottis by Doyle Wells.






Figure 2. Diagram of the below ground structures of P. blephariglottis* and P.
clavellata*

ot - old tuber
or - old root

nt - new tuber
nr - new root
sb - shoot bud

*note: scale given for P. blephariglottis, scale for P. clavellata would be
approximately %5 of scale shown






Michigan that these are primarily moth-pollinated flowers. with butterflies playing a minor

role in pollination. They made their observations on a population of P. blephariglottis that
coexisted with a population of P. ciliaris. Cole and Firmage (1984) observed a population
in Maine that was not mixed with P. ciliaris and came to the conclusion that butterflics were

the major pollinators and moths the minor pollinators. Catling (1984) also states that

butterfli to be the main polli with dayflying sphinx moths playing a lesscr role
in the pollination of this species. In this study no pollinators were observed during 1991 or
1992, but it should be noted that very little field work coincided with peak flowering period

and that early frost damage occurred during flowering in 1991 and before flowering in 1992,

1.3.2 Distribution and Habitat

P. blephariglottis is found along the Atlantic seaboard from Newfoundland to Florida.
‘This species, which ranges over an area that has a great deal of geographical and ecological
variation, has been segregated into two varieties. Variety conspicua is the larger southern
form with larger flowers, a more open raceme, and a longer spur. The range of this varicty
is from Florida north to the southemn half of New Jersey and west from Florida to the

southeastern corner of Texas (Luer, 1975).

Variety blephariglottis is the typical northern form with smaller flowers, a less open
raceme, and a shorter spur (Correll, 1950; Luer, 1975). The range of varicty blephariglottis

extends from Newfoundland south to the northern half of Pennsylvania and New Jersey and

10



west to Michigan, with an isolated population in Illinois (Luer, 1975). While Luer (1975) and
Petric (1981) include the Illinois population, Sheviack (1974) suggests that this population
may be extinct.

This species has been reported throughout the island of Newfoundland with the
exception of the Great Northern Peninsula (Scott, 1985). The typical habitat of P.
blephariglottis is a Sphagnum or sedge bog (Luer, 1975). The blooming period is from mid-
July to early August on the Avalon Peninsula. The summers of 1991 and 1992 were cold with
frost in early August 1991 and late July 1992. In both years the first blooms did not open until
early August. In the year previous to this study, the first blooms were open during the third
week of July. The inflorescence is indeterminate and the flowers continue to open over a two

week period.

1.4 Platanthera clavellata

1.4.1 Morphology

Platanthera clavellata (Michaux) Luer, the little club-spur orchid or the small green
wood orchid, is one of the least conspicuous orchids found on the island of Newfoundland.
It is recognized by the swollen tip of the spur, which gives it a club-like appearance, The
name clavellata is from the Latin meaning "small club” (Figure 3). These plants are usually
small, erect, glabrous, with one or sometimes two green, oblanceolate, keeled leaves

sheathing the stem approximately midway up. This characteristic positioning of the leaf was



Figure 3, P} hofan i of P. by Doyle Wells.






not evident at the study sites, since the junction of the leaf and stem was often below the
surface of the Sphagrum. The leaves form bracts on the upper portion of the stem. All plants
in this study had only one leaf. The below ground structures consist of 3-4 slender roots and
a fusiform tuber as well as buds or partially developed roots and tuber that will give risc to

the next season's leaves and inflorescence (Figure 2).

‘The flower colour ranges from pale green or pale yellow to yellow-green to greenish
white or cream (Correll, 1950; Luer, 1975; Petrie, 1981). Plants growing in open, sunny arcas
produce whiter flowers while those growing in more shaded areas tend to be greener. While

the flowers are considered to be resupinate, they are not rotated a full 180° and this gives the

raceme a di lled ap Unlike P. blephariglottis, P. clavellata does not require a

pollinator, although insects have been observed removing pollinia (Luer, 1975). The pollinia
are incoherent, allowing clumps of pollen grains to fall onto the stigma, resulting in self-

pollination (Catling, 1984).

1.4.2 Distribution and Habitat

‘The range of P. clavellata in North America extends from Newfoundland to northern
Florida, The range of this species extends farther west than 7. blephariglottis, to Ontario and
Minnesota in the north and to Texas in the south. As is typical of most species with an
extensive north-south distribution, plant size is considerably larger to the south (Correll,

1950). Some authors (Catling, 1983a) recognize a southem variety, clavellata, and a northern
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variety, ophioglossoides, with the latter being the form commonly found north of Virginia,

Other authors (Correll, 1950; Luer, 1975) do not make this distinction.

This species is found throughout the island of Newfoundland with the exception of
the Great Northern Peninsula (Luer, 1975). The habitat of this species is more varied than that
of P. blephariglottis. P. clavellata can be found in swampy forest, in water, or at the edge
of water along rivers and streams, wet meadows, or open Sphagnum bogs (Correll, 1950;
Luer, 1975; Scott, 1985). Plants in this study were growing in an open Sphagnum bog, or a

fen that was inundated with flowing water at certain times of the year.

The blooming period of this species, on the Avalon Peninsula, is from mid-July to
early August. The summers of 1991 and 1992 were cold with frost in early August 1991 and
late July 1992. In both years the first blooms did not open until the first week in August, while
in the year previous to this study the first blooms opened during the third week in July. The
inflorescence is indeterminate and the flowers continued to open over a two week period in

all of the study sites.

1.5 Peatlands Types of the Avalon Peninsula

Both P. blephariglottis and P. clavellata are peatland species. While in this study
these species are observed on slope bogs and a slope fen, they have been observed on various

types of peatlands. P. blephariglottis has been observed on sphagnum and sedge bogs

14



(Correll, 1950), quaking bogs (Luer, 1975), slope bogs (Wells, 1980), plateau bogs (Damman
and Dowhan, 1981) and raised bogs and fens (Glaser, 1992), while the peatland types where
P. clavellata has been observed range from sphagnum bog (Correll, 1950) to swampy forest

(Luer, 1975) to fen (Wells,1980; Damman and Dowhan, 1981).

Six morphological types of peatland have been described by Wells (1980) for the
Avalon Peninsula: domed bog, blanket bog, slope bog, basin bog, slcpe fen, and ribbed fen
(Figure 4). While all six peatland types have distinctive characteristics, they all have wetter
and drier areas and more nutrient-rich and less nutrient-rich areas contained within their

boundaries (Wells, 1980; Glaser, 1992). It is in the wetter and more nutrient rich areas that

P. blepharig B, and other / species are usually found (Glaser,

1992).

The stratigraphy of all four types of bogs shows a fen-to-bog successional pattern.
The bottom peat layers consist of sedge remains and the amount of sedge material present
decreases towards the upper strata while the amount of Sphagnum peat increases. This
transition from sedge peat to Sphagnum peat indicates a change in the availability of nutrients.

Sphagnum peat replaces sedge peat as nutrient abundance decreases (Wells, 1980).

The nutrient content of peatlands is affected by water movement, geology, and the

composition of the peat. Although all peatlands are considered to be nutrient-poor, fens are



Figure 4. Distribution of six morphological peatland types on the Avalon Peninsula

(modified from Wells, 1980) (® - study sites).
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considered to be more nutrient-rich than bogs, with the difference between the two being
small (Wells, 1980; Damman and Dowhan, 1981). Subsurface water and seepage waters from
surrounding areas carry nutrients to the fen, increasing the pH and the abundance of nutrients

such as nitrogen, ph ium, calcium, ium and iron, and causing a faster

rate of decomposition of plant material. Bogs tend to be stagnant, with the influence of
seepage water restricted to the outer edges. The greater part of the water entering a bog is
due to precipitation. Little water movement results in low nutrient content, low pH, and a

slow rate of decomposition (Wells, 1980).

The only peatland types present in the study area were slope bogs and slope fens
(Figure 4). During this study both P. blephariglottis and P. clavellata were observed on
slope bogs. These bogs are treeless and shallow, rarely exceeding 2 m in depth. They are
usually found in forested regions on poorly-drained slopes with a gradient between 5% and
15% or in areas of high precipitation and frequent fog. Pools are uncommon on this type of

bog.

Platanthera clavellata was also observed on a slope fen, which was inundated with
water at particular times of the year. These fens, which are common in forested areas, are
treeless and rarely exceed 1.5 m in depth. The slope is between 5% and 15%. Shallow pools
and small streams are often present. An increase in Sphagnum in the upper strata suggests
that these fens may be in transition from fen to bog. A slope fen can be distinguished from a

ribbed fen by the absence of the pools oriented at right angles to the slope which are
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characteristic of ibbed fens. While pools are present in slope fens they arc not amranged in a
'ribbed' pattern and they do not occupy as much area of the fen as they do in ribbed fens.

Pools can cover as much as 40% of the surface of a ribbed fen (Wells, 1980).

1.6 Research Objectives

As seen from the previous review, P. blephariglottis and P. clavellata are both known

to be peatland orchids and their hical distribution is well d d. On the other

hand, little is known about their specific habitat requirements or population dynamics,
Observation of their microdistribution within a peatland and their population dynamics would
provide information allowing comparisons with published data on other terrestrial orchid

species.

Closely-related species partition their habitat along various environmental gradients:
nutrient content of the substrate, moisture content of the substrate or depth of substrate
(Werner and Platt, 1976; Cody, 1978; Silvertown, 1983; Russell ef al., 1985; Tilman and
‘Wedin, 1991). A species will be present where the habitat fullfills the nutritional and physical

needs of the indvidual (Russell et al., 1985).

Within a peatland, P. blephariglottis and P. clavellata may be observed growing side
by side, yet clumped in what appeared to be distinct arcas with little overlap. They may also

be found in separate areas some distance apart on the same or different peatlands. Casual
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observations of the habitat in which these species are found would suggest a common
microhabitat. This could be the result of the species being equally adapted to the same
microhabitat. Another possibility could be that slight variations in some factors of the

arc a i of a number of different micohabitats that are not

easily distingui: (Sanford, 1974). i ining to niche i and how
they differ niay provide some insight into the variability of habitat parameters for these
locally-abundant species as well as what parameters may have the greatest influence on less

common species of orchids.

The specific objectives of this study were:
1) to observe populations of these two species over two field seasons to
elucidate short term changes within and between habitats;
2) to measure a number of environmental parameters (peat

constituents, peat pH, water pH and water level) within

habitats ing populations of P. blephariglottis and P.

clavellata to elucidate some of the parameters for both species

that may define their niche.



2. MATERIALS AND METHODS

2.1 Site Selection and Description

Four sites were originally selected; site 1 with P. blephariglottis only , site 2 with 1.
clavellata only, and sites 4 and 5 with both. An additional site, site 3 with P. clavellata only,
was known to be a fen (Wells, 1980), and thereforc a more nutrient-rich site, and was
included to sample a broader range of peat nutrients. All sites are located along a 3km length
of the Trans-Canada Highway, between 1.9 km and 5 km west of the junction of Route 61

and the Trans-Canada Highway, near St. John's, Newfoundland (Figures 5 & 6).

Site 1 (47°25'19.6"N, 53°00'12.1"W) contains only 7. blephariglottis, covers an area
of approximately 225 square metres and is located along the northwest edge of a slope bog.
The site is located at the base of an incline (37.5%) in a slightly minerotropic zone (Wells,
1980). The area is dominated by sedges and Sphagnum spp. with low shrubs interspersed
(Appendix A). A treed zone, dominated by black spruce (Picea mariana), bounds site | to
the northwest and the southeast. A slight incline, dominated by Cladonia spp. and low shrubs,

lies to the southwest, and an open bog lies to the northeast.

Site 2 (47°25'16.3"N, 53°00'20.6"W) contains only /. clavellata, covers an arca of
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Figure 5. Aerial photograph of sites 1,2 and 3 (Department of Mines and Energy)
(road is the Trans-Canada Highway)
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Figure 6, Acrial photograph of sites 4 and 5 (Department of Mines and Energy)
(road is the Trans-Canada Highway)






approximately 10 square metres and is located within a slightly minerotropic area (Wells,
1980) of a slope bog. The slope of the bog is from southwest to northeast. A treed area
dominated by birch (Befula papyrifera) bounds site 2 to the southeast and there are large
boulders to the northwest. Open bog lies to the northeast and the southwest. The site is

dominated by sedge (Appendix A) and Sphagrum spp.

Site 3 (47°25'22.8"N, 53°00'14.5"W) contains only P. clavellata, covers an area of
approximately 200 square metres and is located within a ribbed fen (Wells, 1980) that lies on
the northwest edge of a slope bog. A treed area dominated by black spruce (Picea mariana)
bounds site 3 to the northwest. A river, within the black spruce forest, runs parallel to the fen
and after heavy rain overflows into the fen itself. Open fen lies to the northeast and the
southwest and open bog to the southeast. The site is dominated by sedges, with low shrubz

and larch (Larix laricing) interspersed (Appendix A).

Site 4 (47°25'8.9"N, 52°5924.9"W) contains both P. blephariglottis and P.
clavellata, covers an area of approximately 126 square metres and is located within a slightly
minerotropic zone (Wells, 1980) of a slope bog. The slope of the bog runs from east to west.
A treed area dominated by black spruce (Picea mariana) bounds site 4 to the north, east and
south. Open bog lies to the southwest. The site is dominated by sedges (Appendix A) and

Sphagnum spp. with low shrubs interspersed.
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Site 5 (47°26'20.7"N, 52°58'20.8"W) contains both P. blephariglottis and P.
clavellata, covers an area of approximately 24 square metres and is located within a slightly
minerotropic zone (Wells, 1980) of a slope bog. The slope of the bog runs from south to
north. A treed zone dominated by black spruce (P. mariana) bounds site 5 to the east and the
west. Open bog lies to the north and south. The site is dominated by sedges (Appendix A) and

Sphagnum spp.

2.2 Plant and Flower Sampling

To establish the density and distribution of each species alone and in the presence off
the other species, transects were established in each site using pieces of 12 mm deformed steel
reinforcing bars (rebar). The individuals of both species tended to occupy small arcas of the
peatlands and therefore the transects were not placed randomly but established to sample the
largest number of individuals. The length of the transect was dependent on plant density and
distribution. In sites 3 and 4 the transects were discontinued when the distance to the next
individual became too great (2 m or more) or when continuing the transect would only
include one or two more individuals. In sites 1, 2 and § the transects ended at physical barriers

such as rocks or trees.

One transect was laid in each of the study sites, with the exception of sitc 1 where two
transects were laid. In this site, transect 1a was laid through the area with the greatest density

of individuals of P. blephariglottis and transect 1b was placed at right angles to pass through
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transect la and out into the open bog where no individuals were present. Transect la
intersects transect 1b at 5.5m and transect 1b intersects transect 1a at 9m. Transect 1a ran
approximately south to north for 15m. (Orientation of all transects was in relationship to true
north.) Transect 1b ran approximately west to east for 15m. The purpose of transect 1b was
to compare environmental parameters in the presence and absence of individuals. This was
not possible in the other sites due to the small area, physical obstructions or lack of a distinct
area where the species were not present. Only one transect was established in each of sites

2to5.

Transect 2 was established in site 2, where it ran approximately south to north for 5m,
with meter O to the south. Transect 3 was established in site 3 where it ran approximately
north to south for 10m, with meter 0 to the north. Transect 4 ran approximately east to west
for 21m, with meter O to the east, and was established in site 4. Transect 5 was established

in site 5, where it ran approximately south to north for 12m, with meter 0 to the south.

In order to record the contours of each {ransect, elevation measurements were taken
by running a string along the length of the transect. A line level was used to determine if the
string was level and measurements from the string to the surface of the peat were taken at

cach meter,

A metre wide strip was established and divided into metre squares along the side of

the transect with the greatest number of individuals. In each square metre all plants were
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counted and recorded as flowering or non-flowering. The nearest flowering individual and
non-flowering individual to the metre marks were permanently tagged with a galvanized stecl
stake placed on the side away from the transect line. Each stake was numbered using Dymo

tape.

In order to determine if the individuals sampled fell within the North American size

range and to d ine i ific size di the following were

recorded for individuals permanently tagged: height, stem diameter, leaf length and width,
number of flowers and number of capsules. Measurements were recorded to the nearest
0.1cm, with the exception of stem diameter (to the nearest 0.1mm, with calipers) when the
‘majority of individualsin all sites had the first flower open in 1991 and 1992, The size range
of each vegetative and floral characteristic for each species was determined as the mean plus
or minus one standard deviation. Measurements to the nearest individual (nearest neighbour)
ofthe same species and the other species were also taken to the nearest 0.5 cm at this time.
The measurements of distances between individual plants were taken to determine how the

species were distributed in relation to one another when both species were present.

In order to increase sample size of the tagged individuals, a

‘metre square quadrat for each species was placed within each study site, with the exception
of site 2, where all individuals were measured along the transect. Each quadrat was

established to include only one species. All plants were permanently tagged and numbered
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following the same procedure as for tagged individuals along the transects. Each plant was
recorded as flowering or non-flowering and the same measurements as were taken for
individuals along the transect were recorded during 1991 and 1992. Individuals not present

in 1991, werc noted in 1992.

“To determine intraspecific site differences in flower size, the lowermost flower of the
inflorescence was collected from each of twenty-five individuals of each species present in the
sitein 1991. Flowers were one day post-anthesis. For P. blephariglottis, sepals, petals and
lip were measured to the nearest 0. 1mm using an eyepiece micrometer, while ovary and spur
length (Figure 7) were measured to the nearest 1.0mm using a ruler and dissecting
microscope. Because of the small size of the flowers of P. clavellata measurements of natural
flower spread and flower depth (Figure 8) were taken in place of measurements of sepals and
petals. For P, clavellata, natural flower spread and flower depth were measured to the
nearest 0.1mm with an eyepiece micrometer. Ovary and spur length were measured to the
nearest 1.0mm with a ruler and dissecting microscope. Flowers were not sampled from

permanently-tagged individuals.

In order to determine the relationship between water level and depth of crown, the
depth of crown was measured to the nearest 0.5cm for twelve individuals of each species
from site 4 in 1992. Site 4 was chosen since both species were present and the measurements
could be taken with minimal disturbance of the plants. Although both specics were present
in site 5, the peat was much more densely packed than in site 4, and measurements of crown

depth would have entailed total excavation of the plants.
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Figure 7. Flower stucture of P. blephariglottis

ds - dorsal sepal
Is - lateral sepal
1-lip

Ip - lateral petal
s - spur






Figure 8, Flower structure of P. clavellata

f5- flower spread
{d - flower depth
s-spur

o0-ovary






2.3 pH and Water Level Sampling

To observe variation in water level and pH associated with each species, permanent
sampling stations were established, either adjacent to the transect or within the transect,
without disturbing the plants. Two sampling stations were established in sites 1, 3-5. The size
of site 2 only allowed the establishment of one station. Holes were dug until water could be
seen seeping into the hole. A 15 cm piece of PVC pipe was placed at the top of each hole so
that the pipe extended 3 cm above the surface of the peat. Each pipe had a peat plug placed
over the top. The holes were left undisturbed for a week before the first water level reading
‘was taken. If the hole had to be relocated due to disturbance (cg., meose trampling), an

adjustment period of a few days was allowed.

PH readings were taken from the standing water in the holes, using a portable pil
meter. Water level readings were measured from the top of the pipe to the top of the standing
water and adjusted to reflect the distance to the surface of peat. Two readings were taken
during each of September and November of 1991 and then approximately monthly from May

to September of 1992,

2.4 Peat Sampling and Analyses

In August 1992, peat cores were collected at all sites from arcas adjacent to the

transects to prevent disturbance of the sampling area. In site 1 six cores were collected along
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