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ABSTR/,CT

Populationsof two terrestrialspecies of orchids, P. hJephaligJolt is and P. ctavellata,

were investigated fortwo field seasons(199 1-1992) to observe population dynamics and to

explore whatenvironmental factors(peatconstituents, water pH and water level, endophytic

fungi) may influence their distribution within a pearland. The dynamics of the populations

were similar to each other and to that observed for other Ncrth American and European

orchidspecies.Both populations increasedin plant numbers, while showing a marked decline

in flowering percentages in 1992. The populations.whilehaving a net gain of individuals, also

lost individuals, but it was not determined if these plants had died or returned to a

subterraneanstage.P. hlepharigJoflis did not set anycapsules, and capsule set was verylow

for P. ctavetlata due10 a late frost at the time of flowering inboth years.

Peal constituent valuesassociated with P. hlephariglotlis and P. claveliatawere, for

the most part, not significantlydifferent, although the valuesassociated with P. clavellata

tended to be higher and to havea greater range than those associated with P. blephariglottts.

Water level values were significantly different between species, suggesting that it is on this

basisthat thesespecies partitionthe habitat. This is similar to the results of Boland and Scott

(1992) for other pearland orchids.The relationship of water level and crown depth implies

that P. davellata canspend a significant period of time,whenactivelygrowing 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 playa role in the distribution of these species.
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I. INTRODUCTION

1,1The Orchidaceac

The Orchidaccae is consideredto be one of the largestand most diverse groups of

plants, comprising 7· 10% of'allangiosperms,about 20,000-25,000 species. There arc both

terrestri al and e piphytic species. T he greates t diversity of species occu rs in the tropical and

subtro pica l regions of the world where hundreds of genera and thousands of spec ies are

found, mostof themepiphytic.Theestimate of terrestrial species is between 4,000 and 6,000

and these arc most common in subtropical and temperate regions. North America has

approximately 26 generaand 153species(Dressler, J981). Newfoundland has J3 genera and

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

Me mber s of the Orchidaceae are best known for their flowers, which range from

exquisitely beaut iful to extremelybizarre, and for this reason they have long been sought by

collectors and hortlculturallsts. The flowershave inspired manystudies on pollination and

related areas(Darwin, 1877; vander Pijland Ladson, 1966;Thien, 1969 ), while the desire

to propagate the plants has stimulatedmuchresearchon the germinationof seedlings (Arditti,

1967,1968;Blowers and Arditti, 1970; Harvais, 1972, 1973;Warcup. 1973;Arditti et a/.,

1981; Rassmussene fal., 1990).



The terrestrial orchids of north temperate regions generally possess smaller, less

conspicuous flowers and thereforehave not been the focus of as much study as tropical and

subtropicalorchids,until recently. The majorityof these studies has focusedon reproductive

ecology (Ackennan, \981; Catling, 1983b; Cole and Firmage, 1984; Gregg, 1991), seed

germinationrequirementsand embryologicaldevelopment ( Harvais, 1973; Warcup, 1973;

Wilkinson et ot., 1989; Fredrikson, 1991), and mycorrhlzac isolationand identification

(Filipcllo et al ., 1985; Currah, 1987;Currah el al. 1987,1989; Ramsey et al., 1989; Peterson

and Curran, 1990). There have been very few long-term populationstudies (Curtis and

Greene, 1953; Wells, 1967; Tamm, 1972a; Calvo, 1990a; Primackand Hall, 1990) and very

lillie is known about the ecologyof northem terrestrial orchids (Correll, 1950; Lucr, 1975;

Boland and Scott, 1992).

After seed gennination, terrestrial orchids form a subterranean protocorm

(mycorrhizome),which willbe replaced by a perennatingorgan, either a tuber or rhizome ,

dependingon the growth habitof the species. Theperennatingorgan willgiverise to the first

leaf and eventually an inflorescence (Wells,1967; Lightand MacConaill, 1991). The time

spent fromgerminationthroughthesestagesofdevelopment variesconsiderably from species

to species. The timeelapsed betweengermination and emergence of the first leaf can he as

short as 2 years or as long as 10or more years. More time elapses beforean inflorescence

is produced, and again considerable variation exists betweenspecies. Various speciesmay

spendfrom3 to 13 yearsinan abovegroundvegetativestate before flowering (Wells, 19K 1)



Little is known of the subterranean stag es of developme nt for North American

terrestria l orchids, since many of the procedures for making these observations are

de structive. Most studies have been limited to common or alien species (Light and

MacCo naill, 1991; Whigham and O'Neill, 199 1). The difficult nature of making these

observatio ns has limited the information available even for species that have been stud ied

extensively (Wells, 19 67; Tamm, 1972a).

Orchids,like most vascular and nonvascularpJants,form mutualistic associations with

fungi. In orch ids,this association is formed with the embryo during seed germination and, as

the name mycorrhiza (from the Greek for "fun!:,J s" and "root") implies, with the absorpt ive

s truc tures of mature and developing plants (Blowers and ArditH, 1970). This mycorrhizal

association is required for the successfuldevelopment ofboth epiphytic and terrestrial orchid

species (Hadley, 1982; Currah eta!., 1989).

Fungi that fbrm mycorrhizalassociations with absorpt ive structures are, for the most

part , designated as ec tomycorrhizae or endomycorrhizae . Ec tomycorrhizae form a sheath

around the absorptive structure with hyphae penetrati ng between cortical cells but not within

them. Endo mycorrhizae do not form a sheath and the hyphae penetrate the cells of the

absorptive structure . Both associations are consider ed to be mutualistic; with the host

p ro viding ca rbon com pounds to the fungus and the fungus enhancing phosphorus and

nitrogen upt ake by the host (Smi th, 1967,1974; Purves and Hadley, 1975).



Theendemycorrhizae can besubdivided into severalgroups: the vesicular-erbnscular

mycorrhizae, ericoid mycorrhizae and orchidaceousmycorrhlaae. The fungi fonning

orchidaceousmycorrhizae come fromwidelydifferent taxo nomic groupsand the way in

which theyfunction is considered to bequite different inthat, unlike othermycorthizae,the

carbonflowis fromthe fungus to theplant(Smith,1967, 1974). Thefungal hyphae enter the

cortical cells of orchid rootswhere they begin to coil and produce lateral branches, and

eventuallyfonn a complexnetworkcalleda peloton. Theo rchidcells reactto the presence

ofthe fungusby producingenzymes.Thedigestion of thepeloton bythese enzymesls thought

to provide the orchid with nutrients (Cookc, 1971; Arditti, 1979). Othcr studies have

indicatedthat the living fungusis capableof providing the o rchidwith vitaminsandmay in

fact be of greater importance than nutrients derived from d igestion (Harvais and Pekkala,

\975).

It is this mycorrhizalassociationthat allows terrestrial orchids to obtain nutrients

duringthe protocormstage and at timeswhenmature plants revertto a subterranean stage

Mature plantshave been knownto be'absent' ina particular gro wingseason and to re-emerge

ina subsequent year(Wells, 1967; Tamm, 1972a;Calvo, 1990a ; Lightand MacConaill, 1991;

Whighamand O'Neill, 1991). The number ofyears a plantcan be'ab sent'and stillhave the

ability10 re-emerge is unknown for most species. Wells(1967) suggests that for Spiru/llJre,f

spiralis an absence of2 ormore yearsmay indicatethedeath ofthe individual, while l.igln

and MacConaill observed theemergence of anindividual ofEpifJuclis hell ehor i lJc afier a J

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



myc orrhizae are capable of pr oviding the 'absent' plants with encu gh nutri ents to allow

flowe ring immediately following re-emergence

Terr estrial or chids tend to be fairly long-lived and p opulations consist of many age

clas ses of individuals (Wells, 1967,1981 ; Tamm, 1972a; Well s and C ox,19 9 I) . The abi lity

tf) age an individual varies with the type of perennat ing or gan. The species that form a

persist ant rhizome can provide some information as to t he age o f the ind ividual afte r

excavation and observation of the yearly gr owth(Kull and KuH, 1991) . The specie s that form

tub ers may replace th e vegetati ve growth every year. In such insta nces excavation of the

urbe rs would not pro vide any information concerning the age of individuals . Long te rm

observations of the population would be the only meaaa of obtaining accurate informat ion

pertaining to the age of individua ls. Since some spec ies replace all t he vegetative structu res

eac h year, age of the individuals may not be of an y relevance to the population as a whole

(Welt s, 1981; Willems and Bik, 1991).

Species that have tubers, produce a perennaung bud and a shoo t primordia below soil

level at the crown The crown bein g the point at which the shoot, tubers androots originate .

New tubers and roots grow along side the old root s and tubers until a change in condition s

causes theplant to dieba ck below ground. T he following growing season, the old tubers and

root s have degenerated leaving only th e new tu bers and roots. The leaf shoot and

inflorescence is produced from the primo rdia fonned the previous sea son.



1.2The GenusPlatanthera

PIa/ail/hera is distinguishedbyanunusuallywide aruher. Allmembersof the genus

areterrestrial andare distributedinnorthandsouthtemperateregions. Lucr (1975)estimates

that there are about two hundred species. There arc twelve species on the Island of

Newfoundland (Scott, 1985). Theplantsofthis genushave anerect stemwith basal or caulinc

leaves, elongatefusiform or somewhatpalmate tuberoids, slender roots, anda raceme of

small to medium flowers.T he flowersareusuallyresupinate(the ovarytwists 1800 during

development tc invert the flower). Therepels arefree and the dorsalsepal,along withthe

petals,fonns ahood overa central structure, knownas the column, formed bythe fusio n of

stamens, styleand other tissue. The lipor labellumcan beentire , divided,or fringed witha

spurat the basewhile thelateralpetals arespreadingor rccurvcd. The antheris foundonthe

columnand iscomposed of two anther cellsor locules. Withineach anther cellis foundthe

pollinium(sometimestwo pollinia),a more or lesscompact and coherent aggregationof

pollengrains. Attached to each polliniumis a stalk-like structure, thecaudiclc,which hasa

sticky pad, theviscidium.All the polliniaand associated partsofan anther areknownasthe

pollinarium (Dress ler, 1981). Tile anthercells are separated by connectivetissue or tile

stigma. In mostspeciesofPlatanmerathe polliniaare removedwhen the viscidium becomes

attached to a visiting insect . It is then carriedawayand deposited asa discreet package on

tile stigma ofanother flower (Luer, 1975).In someself-polhnatlngspecies,thepollinia arc



incoherent and the pollen grainsfall inloosely attached groups onto the stigmatic surface

(Catling,1983a) .

1.3 piatamnera b/epharig lo flis

1.3.1 Mo rphology

Ptatamhe ra btephariglouts (Willdenow) Lindley var. blephariglotlis, the white

fringed orchid, is one cr the larger w hite-flowered species oft his genus foundon the island

ofNewfoundland. It isrecognized by thedeeply-fringed lip. hence the name blcphariglotlis,

fromthe Greek. meaning "eyebrow-tongued" (Correll. 1950) (Figure I) . This species has

bual a nd cauline leaves. The plants areerect. stout and glabrous , with green. lanceolate,

keeled leavesthat sheath the stem below, and are much reduced above. All flowering plants

examined inthisstudyhadtwo basalleaveswhile non-floweringspecimens, for the most part,

had nne. Thebelow ground structuresconsist ofJ -4 slender root s extending horizontally

fromthe crownand onefusiformtuber growing more or less vertically. Developing roots and

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

ColeandFinnage (1984)describe the flowercolou r as ranging from white to cream,

Correll(J 950)aswhiteoften tingedwithcreamandLuer (1975) as pure soft white. Although

no pollinatorswere observed. thewhite colour. presence of fragrance and nectar. and lack of

nectarguidesand ultraviolet reflective patterns suggesta moth pollinated flower (Faegri and

vender Pi jl, 1971) . Smith and Snow (1976) concluded from pollinator observationsin



Figure 1.Photographof an iniloresence of P. blcphariglontsby Doyle Wells





Figu re 2. Diagram of the below ground structures of P. hlephariglvui.\·· and 1'.
ctovettata»

ot ~ old tuber

or- old root

nt -new tuber

nr -newroot

sb c shoot bud

"note: scale given for P. hlepha riglotti s, scale for P. ctovetkua would be

approximately 0/3 of scale shown
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Michigan that these are primarily moth-pollinatedflowers. with butterf lies playingI minor

role in pollination. They made their observations on a populatior. ofP. bl~l'llar;glol(i.f lhat

coexisted with a population of P. ciliaris . Cole and Firr,'I8gc (19&4) observed. population

in Mainethat was not mixed withP. ctliaris and came to the conclusion that buucrfliu were

the major pollinators and moths the minor pol!inators. Catling ( 1984) also states lhat

butterfliesappearto be the mail'. pollinators with Jayflyingsphinx moths playing a lesser role

in the pollination or thi! species. In this study no pollimllorswere 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 199 2.

1.3 .2 D istributio n and Habitat

P. blephariglol lis is foundalong the Atlantic seaboard fromNewfoundland to Florida

Thisspecies,whi ch ranges over an area that has a great deal of geographical and ecological

variation, has been segregated inlOtwo varieties. Variety consptcua is the larger southern

fonn with larger flowers, a more open raceme, and a longer spur. TIle range of Ibis variety

is from Florida north 10 the southern balf of New Jersey and west from Florida to the

southeastern comer of TeltlS(Luer, 1975) .

Varietyblephadgl ottis is the typical northern fonn with smaller flowers, a less open

raceme, anda shorter spur (Correll, 1950; Luer, 1975). The range of variety hlefJha,i1{loltj.~

mends from Newfoundland south 10the northern half of Pennsylvaniaand New J~ney and
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west10Michigan, with an isolated populationin Illinois (Luer, 1975). WhileLuer (1975) and

Petrie ( 1981) include the Illinois population, Sheviack(1974) suggeststhat this population

maybe extinct.

This species has been reponed throughout the island of Newfoundland with the

exception of the Great Northern Peninsula (Scott, 1985). The typical habitat of P.

hlepharigloffis isa Sphagllumor sedgebog (Luer, 1975). The blooming period is from mid­

July to early Augustonthe AvalonPeninsula. The summers of 1991 and 1992 were cold with

frost inearlyAugust 1991and late July 1992. In both yearsthe firstblooms did not open until

earlyAugust. In the year previous to this study, the first bloomswere open duringthe third

weekof July. The inflorescence is indeterminate and the flowers continueto open over a two

weekperiod.

1.4 Platantheraciavetlata

1.4. 1Morphology

Plotall fhera clave lJata (Michaux) Luer, the lillie club-spurorchid or the small green

woodorchid, 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 davetkua is from the Latinmeaning"small club"(Figure 3). These plantsare usually

small, erect, glabrous, with one or sometimes two green, oblanceolale, keeled leaves

sheathingthe stem approximatelymidway up. This characteristic positioningof the leaf was

11



Figure 3. Photograph of an inflorescence of P. ctovetkuo by DoyleWells
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not evident at the study sites, since the junction of the leaf Ind stem was often below the

surfaceof theSphag"um. Theleaves fonnbracts on Ihe upper portion of the stem. Allplanls

in thisstudyhadonly oneleaf.lhe below ground structures consist of 3-4 slender roots and

I fusifonn tuber as well as buds or partially developed roots and tuber that wiJlgive rise to

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

The flowercolour ranges from palegreen or pale yellow10 yellow-green 10 greenish

white or cream(Correll. 1950; Luer, 1975; Petrie, 1981). Plants growingin open, sunny areas

producewhiter (Jowers while those growingin more shaded areas tend to be greener. While

the flowersare considered to be resupinate,theyarc not rotated a full 180· and this gives the

racemea dishevelled appearance. Unlike P. blephartglottis. P. ctavetkua docs not require 8

pollinator. althoughinsectshave beenobservedremoving pollinia (Luer, 1975). The pullinia

arc incoherent, allowing clumps of pollengrains to rail onto the stigma, resulting in self·

pollination (Catling, 1984).

1.4.2 Distribution and Habital

The range ofP. clave/lata inNorthAmericaextends from Newfoundland 10 nonhern

Ronda.The rangeofthis speciesextendsfartherwest than P. hlrphariglollis, to Ontario ami

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). Someauthors(Calling,1983a)recognize a southernvariety, ctavetlata, and a northern
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variety, ophtoglossotdes, with the latter beingthe form commonly found north of Virginia.

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

This species is found throughout the island of Newfoundlandwith the exception of

the Great NorthernPeninsula(Luer, 1975). The habitat of thisspeciesis more varied than that

of P. blephariglotJis. P. clavellata can be found in swampyforest, inwater, 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 studywere 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 AvalonPeninsula, is from mid-July to

early August. The summersof 1991and 1992 were cold with frost in early August 1991 and

late July1992. Inboth years the firstbloomsdidnotopen until the first week in August, while

in the year previous to this study the first bloomsopened duringthe third week in July. The

inflorescenceis indeterminateand the flowerscontinuedto open over a two week period in

all of the study sites.

1.5 Peatlands Types or the AvalonPeninsula

Both P. biepharigiottis and P. clavellata are peatland species. While in this study

thesespeciesare observedonslopebogsanda slopefen, they havebeen observed on various

types of peatlands. P. hlepharigloltis has been observed on sphagnum and sedge bogs
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(Correll.1950), quaking bogs (Luer, 1975), slopebogs (Wells, 1980), plateau bogs (Damman

andDowhan. 1981) and raisedbogs and fens (Glaser, 1992), while the pcalland types where

P. clavelkua hasbeenobserved range from sphagnum bog (Correll, 1950) to swampy forest

(l...uer, 1975)10 fen (Wells,1980; Dammanand Dowhan, 1981).

Six morphological types of peatland have been described by Wells (1980) for the

AvalonPeninsula: domed bog, blanket bog, slope bog, basin bog, SILpc fen, and ribbed fen

(Figure 4). While all six peatland types have distinctive characteristics, they allhave weller

and drier areas and more nutrient-rich and less nutrient-rich areas contained within lheir

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

P, blephariglattis, P. ctavetlata and other Platamheraspecies arc usually found (Glaser,

1992) .

The stratigraphy of all four types of begs shows a feu-ra-bog successional pattern

The bottom peat layers consist of sedge remains and the amount of sedge malenal present

decreases towards the upper strata while the amount of .'¥JItJ1JI,um peat increases This

transition fromsedge peat to Sphag"umpea!indicates a change in the availability ofnut rienlS

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

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

composition of the peal. Ahhcugh all peatlandsarc considered 10 be nutrient-peer, fen.~ arc

IS



Figure4. Distribution of six morphological peatland types on lhe 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; Dammanand Dowhan, 1981). Subsurfacewater and seepage waters from

surrounding areascarrynutrients to the fen,increasing the pH and the abundance of nutrients

suchasnitrogen,phosphorus, potassium,calcium,magnesiumand iron, and causing a faster

rate of decomposition of plant material. Bogs tend to be stagnant, with the influence of

seepagewater 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 peatJand types present in the study area were slope bogs and slope fens

(Figure 4) . During this study both P, btephartgiottts and P. clavellata were observed on

slope bogs. These bogs are treeless and shallow, rarely exceeding 2 rn in depth. They are

usually found in forested regions on poorly-drained slopes with a gradient between 5% hnd

1S% or inareas of high precipitation and frequent fog. Pools are uncommon on this type of

bog.

Platamhera clavettata was also observedon 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 rarelyexceed 1.5 mi n 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 fensmay be in transitionfrom fen to bog. A slope fen can he distinguished from a

ribbed fen by the absence of the pools oriented at right angles to the slope which are
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characteristicof ribbed fens. While pools are present inslope fens they arc not arrangedin a

'ribbed' pattern and they do not occupyas much area of the fen as they do in ribbed fens

Pools can cover as muchas 40% oft he surface of a ribbed fen (Wells, 1980)

1.6 ResearchObjectives

As seenfromthe previous review, P. blephariglotlis and P. clavelkua arc both known

to be peatlandorchids and their geographical distribution is well documented, On the other

hand, little is known about their specific habitat requirements or population dynamics

Observation oft heirmicrodistribution withina peatland and theirpopulationdynamicswould

provide information allowing comparisonswith published data on other terrestrial orchid

species.

Closely-related speciespartition their habitat along various environmentalgradicms:

nutrient content of the substrate, moisture content of the substrate or depth of substrate

(Werner and Platt, 1976; Cody, 1978; Silvertown, 1983; Russell et al., 1985; Tilmanand

Wedin,.1991). A.specieswillbe present wherethe habitat fullfillsthe nutritional and physical

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

Withina peatland, P. blephangiotusand/'. davellata may be observed growing side

by side, yet clumped in what appeared to bedistinct areas with hnle 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

environment are producing a continuum of a number of different micohabitats that are not

easilydistinguishable (Sanford, 1974). Infonnat ion pertaining to niche requirements and how

th ey differ may 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.

T he specific objectives of this study were:

I) to observe populations of these two species over two field seasons to

elucidate short tenn changes within and between habitats ;

2) to measure a number of environmental parameters (peat

const ituents, peat pH, water pH and water level) within

habitats supporting populations of P. biepharlgtottisand P.

clave/lala 10elucidate someof the parameters fur both species

thai may define their niche.
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2. MATERlALSANDMETHODS

2.1 Site Select ion and Description

Four siteswere originally selected; site I with P. hlcphariglutt is only. site 2 with I'.

c1alle/laraonly, andsites 4 and5 with both. An additionalsite, site 3 wilh P. claveham only,

was known to be a fen (Wells, 1980), and therefore a more nutrient-rich sire, and was

included to sample a broader rangeof peat nutrients. Allsires arc located along a 3kmlength

cr the Trans-Canada Highway, between 1.9 km and 5 km west of the junction of RoulC6 1

and th e Trans-Canada Highway, near S1.l ohn's, Newfoundland (Figures 5 & 6).

Site I (47·2 S'J9.6"N, S] ·00'12.1-W) contains onlyP. blepharigkntis, covers an arca

of approximately 22S square metres and is located along the northwest edge of a slope bug

The site is located at the base:or an incline (37.5%) in I slightly minerotropic zone (Wells.

1980) . Thearea is dominated by sedges and Sphagllum spp. with low shrubs interspersed

(Appe ndix A). A treed zone, dominated by blackspruce (IJicea mariana ), bounds site I to

thenorthwestand thesoutheast. A slight incline,dominated byC/ado l/ia spp. and low shrubs.

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

Site 2 (47°2S'16,rN, S3°00'20.66 W) contains only P. clavellata,covers an area of
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Figure5. Aerialphotograph of sites 1,2and 3 (Department of Minesand Energy)
(road is the Trans-CanadaHighway)
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Figure 6. Aerial photograph of sites 4 and 5 (Departmentof Mines and Energy)
(road is theTrans-CanadaHighway)
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approximately 10 square metres and is located within a slightly minerotropic area (Well s,

1980) of a slope bog. Th e slope of the bog is from southwest to northeast. A treed area

dominated by birch (Betula papyrifera) bounds site 2 to the southeast and there are large

boulder s to the no rthwest. Open bog lies to the northeast and the southwest. The site is

dominated by sedge (Appendix A) and Sphagnum spp.

Site 3 (47°25'22.8"N, 53°00'14.5"W) contains only P. clavel/a/a, covers an area of

approximately 200 square metres and is located within a ribbed fen (Wells, 1980) that lies on

the northw est edge of a slope bog. A treed area dominated by black spruce (Picca mariana)

bounds site 3 to the northwest. A river, withint he black spruce forest , runs parallel 10 the fen

and after heavy rain overflows into the fen itself. Open fen lies to the nort heast and the

southwest and open bog to the southeast. The site is dominated by sedges, with low shru bs

and larch (Larir lari cilla) interspersed (Appendix A).

Site 4 (47 °25'48.9" N, 52° 59'24.9"W) contains both P. blephariglottis and P.

davel/ata, covers an areaofapproximalely 126 square metre s and is located within a slightly

r uinerotrc pic zone (Wells. 1980) of a slope bog. The slope of the bog runs from east to west.

A treed area dominated byblack spruce (Picca mariana) bounds site 4 to the nort h, east and

so uth. Op en bog lies to the southwest. The site is dominated by sedges (Appendix:A) and

Sphagllum spp. with tow shrubs interspersed
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Site 5 (47"26'20.7"N, S2"SS'20,SftW)contains both P. bh1Jhariglutli.f and 1'.

c1avellata, coversan area of approximately24 square metresand is locatedwithin a slightly

minerctrcpic zone (Wells, 1980) ofa slopebog. The slope of the bog runs from south to

north. At reed zonedominated byblack spruce(I'. marial/a) bounds site S to the cast and the

west. Open bog liesto the north andsouth. The site is dominated bysedges(AppendixA) and

Sphagnumspp.

2.2 Plant and Flower Sampling

Toestablishthedensityanddistributionof each speciesaloneandin the presence of

the otherspecies, transectswereestablished ineachsite using pieces of 12mnt deformedsteel

reinforcing bars (rebar). The individuals of bothspecies tended to occupysmall areasof the

peatlandsand therefore the transectswere not placed randomly but established to sample the

largest numberofindividuals. The lengthof the transect was dependent on plant density and

distribution. In sites 3 and 4 the transects werediscontinued when the distance 10 the nexl

individual became too great (2 m or more) or when continuing the transect would only

include oneor two more individuals. In sitesI, 2 and S thetransectsendedat physicalbarriers

such as rocks or trees.

Onetransectwaslaid ineachof thestudysites, withthe exception of site I wheretwo

transects werelaid. In thissite,transect la waslaidthrough the area with the greatest density

of individuals of P, hlepharigloflis andtransect 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 l b at S.5m and transect Ib inte rsects transect l a at 9m. Transect l a ran

approximately south to north for 15m. (Orientation of all transects was in relationship to true

north) Transect Ib ran approximatelywest to east for ISm. The purpo se of transect 1b was

to compare environmental paramete rs in the presence and absence ofindividuals. This was

not possible in the other sites due to the small area, physical obstructio ns or lack of a distin ct

area where the species were no t present. Only one transect was est ablished in each of sites

2 to s.

Transect 2 was established insite 2, where it ran approximately south to north for Sm,

with meter 0 to the sout h. Transect 3 was established in site 3 where it ran approximately

north to south for 10m, with meter 0 to the north. Tr ansect 4 ran approximately east to we st

for 2 1m, with meier 0 to the cast, and was established in site 4. Tra nsect S was established

in site 5, where it ran approximately south to nort h for 12m, with meler Oto t he south.

In order to reco rd thecontou rs of each transect, elevation meas urements were tak en

by runninga string along the length of the transect. A line level was use d to determine if the

stri ng was level and measurements from the string to the surface of the peat wereteken at

each meter.

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

the transect with the g reatest number of individuals. In eac h square metre all plants were

25



countedand recorded as flowering or non-flowering. The nearest flowering individualand

non-floweringindividual to themetremarkswere permanentlytagg edwith a galvanizedsteel

stakeplacedonthe sideaway fromth e transect line. Each stakewas numberedusing Oymo

tape.

In order to determine if lh~ individuals sampled fellwithin thcNorth American size

range and 10determine intraspecific size differences. the followingmeasuremems were

recorded forindividualspermanently tagged: height, stem diameter, leaf length and width.

number of flowers andnumber of capsules. Measurements were recorded to the nearest

c.tem, with theexception ofstemdiameter(to the nearest 0.1mm, with calipers)whenthe

majorityof individuals inall siteshad thefirst floweropen in 1991 and1992. Thesize range

oreachvegetative and Doral characteristicfor each species was determinedasthemean plus

or minus onestandarddeviation.Measurements to thenearest individual (nearestneighbour)

cnhe same species andthe other specieswere also taken to the nearest 0 .5 emat this time.

Themeasurements of distancesbetweenindividualplants weretaken to determine howthe

specieswere distributedin relation to one another when bothspecies were present

In order to increasesample size of the permanently tagged individuals, Ii permanent

metresquare quadra t foreach species wasplaced withineachstudy site, withthc exception

of site 2. where all individuals were measured along the transect. Each quadrat was

establishedto include only one species. AUplants were permanently tagged and numbered
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following the same procedure as for tagged individuals along the transects.Each plantwas

recorded as floweringor non-flowering and thesame measurements as weretaken for

individuals along the transect were recorded during 1991and 1992. Individualsnot present

in 199 1, were noted in 1992.

To determine intraspecificsitedifferences in flower size. the lowermost flower of the

inflorescencewascollectedfromeachoftwenty-fiveindividuals of eachspecies presentin the

site in 1991. Flowers were one day post-amhesls.For P. b/ephariglotli s, sepals,petals and

lip wcre measured to the nearest O. Irumusing an eyepiece micro meter. while ovary and spur

length (Figure 7) were measured to the nearest 1.0mm using a ruler and dissecting

microscope. Because of the smallsize ofthe flowers of P. clavellata measurements of natural

flower spread and flower depth (Figure8) were takenin place ofmeasurements of sepals and

petals. For 1'. cla vellata , natural flower spread and flower depth were measured to the

nearest 0.1mmwith an eyepiece micrometer. Ovaryand spur length were measured to the

nearest 1.00101with a ruler and dissecting microscope. Flowers were not sampled from

permanently-tagged individuals.

In order 10 determine the relationship between water level and depthof crown, the

depth of crownwas measured 10 the nearest O.Scm for twelve individuals of each species

fromsite4 in 1992. Site 4 was chosensince both species were present and the measu rements

couldbe taken with minimal disturbance of the plants. Although both specieswere present

in site S. the peat was much more denselypacked than in site4, and measurementsof crown

depth would have entailed total excavation of'the plants.
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Figure 7. Flower stuc ture of P. blephariglmtts
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Figu r e 8. Flowerstructu re ofP. clal't'!Ial a
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2.3 pH and Water Level Sampling

To observevarianon in water level and pH associated witheach species, pennanent

sampling stations were established,either adjacent to the transect or within the transect,

without disturbing the plants. Twosamplingstationswere establishedin sites 1,3 -5. The size

of site2 only allowedtheestablishment of one station. Holesweredug until water could be

seen seepinginto the hole. A i5 em pieceof PVC pipe was placedat the top of each hole so

that the pipe extended 3 emabove the surfaceof the peat. Each pipe had a peat plug placed

overthe top. The holes were It:ft undisturbed for a weekbefore the first water level reading

was taken. If the hole had to be relocated due to disturbance (cg., moose trampling), an

adjustment period of a few days was allowed.

PH readings were taken from the standingwater in the holes, usinga portable piI

meter.Waterlevel readings weremeasured fromthe lap ofthe pipe to the top of the standing

water and adjusted to reflect the distanceto the surfaceorpear. Two readingswere taken

duringeachof SeptemberandNovember of 1991 and then approximatelymonthly from May

to Septemberof 1992.

2.4 Peat Samplingand Analyses

In August 1992, peat cores were collected at all sites from areas adjacent to thc

transectsto preventdisturbanceof thesampling area. In site I sixcores were collected along
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