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ABSTRACT

To effectively rnanage an endangered plant species, managers must have an adequate

knowledge of the habitat of the species and its reproductive ecology. This study describes the

plant comrnunity associated with the endangered westem prairie fringed orchid (WPFO)

(Platantlter"a praeclara) in Manitoba and determine whether the plant community differed

between sites and between six distances from the centre of orchid beds. In addition, this study

exarnines factors which rnay affect the pollination ecology, specifically pollinator visitation.

Assessment of orchid habitat occurred at four sites, separated by at least 800 rn, in the Tall Grass

Prairie Preserve (TGPP) in southeastern Manitoba in 2005 and 2006. The four sites were

broadly sirnilar in that each was dominated by graminoids (sedges, rushes, and grasses) and

shared a moderate number of forb and grarninoid species. The rnost abundant forbs included

Galiunt boreale, Fragaria virginiana and Hypoxis ltirsuta. The measures of species richness

(species richness and rarified richness) varied significantly between distances frorn the centre of

the orchid beds, but not between sites. The diversity measures (the Shan¡lon-Weiner and

Sirnpson indices) and the evenness measures (Shannon-Weiner evenness and rank log abundance

slope) were significantly different between sites but not distances from the centre of the orchid

beds. Ordination methods (Principal Components Analysis and Multiple Discrirninant Analysis)

showed the plant cornrnunity at one site differed frorn that of the other sites, but the plant

community was not signif,rcantly different between distances frorn orchid bed centre. Pollinator

(ie: sphinx rnoth) visitation rates, rneasured using seed capsule production, the presence of rnoth

scales, and pollinarìa removal, varied considerably between sites and between years. The

abundance of nectar sources and larval hosts for the pollinators at the sites was not related to

visitation rates. The visibility and proxirnity of anthropogenic light sources to orchids did not
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coffespond with rates of pollinator visitation. Sphinx moth activity at the TGPP was not

significantly correlated with weather conditions. The plant cornmunity associated with the

WPFO was broadly sirnilar at different sites, though differences in composition and diversity

were evident. Controlled experiments would be useful in determining the effect of various

factors, including those examined in this study, on the pollinator visitation rates to the WPFO in

Manitoba.
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1. INTRODUCTION

Protection of native habitat is often considered the rnost irnporlant priority for endangered

plant species (Lucas & Synge 1981;Maunder 1992; Pullin 2002).In some cases, however,

sirnply protecting the habitat may not be sufficient and additional strategies may be employed to

enhance the status of endangered species (Maunder 1992; Pullin 2002). Such strategies rnay

include the introduction of a species into a location frorn which it has been extirpated or the

establishment of a population in a new area (Maunder 1992; Pullin 2002; Prirnack 2006). The

habitat must be adequately described so that appropriate areas can be protected and enhanced,

and potential areas of introduction identified (Maunder 1992; Primack 2006).

Managers should have an understanding of the biology and ecology of the endangered

species and its habitat to effectively protect and manage an endangered plant species and its

habitat. This understanding should include knowledge of the popuiation dynamics of an

endangered plant species and how these dynamics are related to various ecosystem processes

(Schenrske er al. 1994). Key components of a plant species' population dynarnics are the rates of

reproduction and mortality (Schemske et al. 1994). If a population is to continue to exist, the

rate of reproduction in that population must be at least equal to its mortality rate (Moore et al.

1998). In this context, understanding the reproductive biology and ecology, including the

pollination ecology, of an endangered plant species is critical for implementation of strategies

which sustain or enhance the population of the species.



The first objective of this study was to describe the vegetative component of the habitat

of the endangered westerr prairie fringed orchid (WPFO) (Platanther"a pt"aeclat'a Sheviak &

Bowles) in Manitoba and to test the following null hypotheses:

1) Orchid aggregations in Manitoba do not differ from one another in tenns of plant

community cornposition or diversity.

2) The composition and diversity of the plant community does not change as distance

from the centre of the orchid aggregation increases.

That is to say, the occurrence of orchid aggregations is not associated with a particular

vegetative community within the orchid's plairie habitat.

The second objective was to determine if vegetative and abiotic variables in WPFO

habitat affect the reproductive ecology, and specifically the pollination ecology, of the WPFO in

Manitoba using the following null hypotheses:

1) The abundance and distribution ofalternate nectar sources near orchid aggregations

does not affect pollinator visitation rates to the WPFO.

2) The abundance and distribution of hosts for pollinator larvae near orchid aggregations

does not affect pollinator visitation rates to the WPFO.

3) The abundance, distribution, and type of anthropogenic light sources visible frorn

orchid aggregations does not affect pollinator visitation rates to the WPFO.

4) Meteorological conditions do not affect pollinator visitation rates to the WPFO.



2. LITERATURE REVIEW

2.1 Study Organism

The western prairie fringed orchid (WPFO) (PlatanÍltet'a praeclara Sheviak & Bowles) is

a perennial herb in the family Orchidaceae (US Fish & Wildlife Service 1989). The WPFO is

found in tail grass prairie habitats in the IJnited States (Iowa, Kansas, Minnesota, Missouri,

Nebraska, North Dakota, and Oklahorna (US Fish & Wildlife Service 2006)), and southem

Manitoba in Canada (Catling & Brownell 1987). The WPFO is classified as endangered or

threatened in Canada and the United States (Collicutt 1993; US Fish & Wildlife Service 1989)

and has been piaced on the world list of endangered species (Natureserve 2006). The largest

population, and only known Canadian population of this orchid occurs in and adjacent to the

2200haTall Grass Prairie Preserve (TGPP) in southeastem Manitoba (Westwood & Borkowsky

2004). The rarity of the WPFO is often attributed to the conversion of its habitat to agricultural

use (Sheviak & Bowles 1986; US Fish & Wildlife Service 1989; Srnith 1993;Hof et al. 1999).

The number of flowering WPFO stems in Manitobamay change drarnatically frorn year to year,

with annual estirnates ranging from less than 2000 to ûlore than2l,000 (Borkowsky & Jones

1 ee8).

The WPFO is usually found in mesic to wet calcareous prairie swales (Sheviak & Bowles

1 986; Smith 1 993; Wolken et al. 2001). Plant species commonly associated with the WPFO in

the United States include sedges (Carex spp.), baltic rush (Jtutcus baltictts Willd.), Kentucky

blue grass (Poa pratettsrs L.), nofihern reedgrass (Calanmgrostis stricta (Tirnrn.) Koel.), willows

(Salix spp.), and marsh hedge nettle (Stachys pslustris L.) (Seig & King 1995; Wolken et al..

2001).



The WPFO regenerates from a fusifonn tuber rootstock (US Fish & Wildlife Service

1989). Plants are usually single stemmed, growing 38 crn to 88 cm tali, with five to ten

lanceolate to ovate-lanceolate leaves per stem (Sheviak & Bowles 1986; Smith 1993). The

inflorescence is a terminal raceme five to l5 centirneters long with large showy, creamy white

flowers with a sweet fragrance which intensifies at dusk (Sheviak & Bowles 1986; Srnith 1993).

There are usually fewer than20 flowers per raceme, though plants have been found with as many

as 33 (Pleasants & Moe 1993; Srnith 1993). While the WPFO will produce a vegetative form,

there is little evidence that vegetative reproduction corrmonly occurs (Bowles 1983; Sieg &

King 1995;Hof et al. 1999), thus reproduction is prirnarily by seed.

The flower is recognizable by its lower lip consisting of three deeply fringed lobes and by

the long nectar spur (36 - 55 rnrn) that suspends backward frorn the flower (Sheviak & Bowles

1986). The fan-shaped, truncated petals are 9 run to 16 rnrn long and 6 mm to 14 mrn wide

(Sheviak & Bowles 1986). In Manitoba, the WPFO bloorns from mid-June to rnid-July with

peak flowering occurring in early July (Westwood & Borkowsky 200a).

As with many orchids, the pollen of each WPFO flower is packaged into two relatively

cohesive lnasses called a pollinia (singular : poliiniurn) (Pleasants & Moe 1993; Johnson &

Edwards 2000; Pacini & Hesse 2002). Each polliniurn is divided into subunits called massulae

(Pleasants & Moe 1993). When a polliniurn contacts a stigrna, one or more of the massulae may

adhere to the stigrnatic surface and break away from the pollinium (Jolurson & Edwards 2000).

The pollinium is connected to a stalk-like structure called the caudicle which then connects to a



viscidiurn (piural : viscidia) (Sheviak & Bowles 1986; Johnson & Edwards 2000) (Figures 2.1

and 2.2). A viscidiurn is an adhesive structure adapted to attach to the pollinator (Johnson &

Edwards 2000; Pacini & Hesse 2002). Taken together, these structures - the polliniurn, caudicie,

and viscidium - make up the pollinariurn (plural : pollinaria) (Johnson & Edwards 2000; Pacini

& Hesse 2002). The entire pollinariurn except the viscidium is sheathed (Bowles 1983). The

WPFO has two pollinaria, one on either side of the stiguratic surface, which is located

immediately above the nectar spur opening (Pleasants & Moe 1993; Westwood & Borkowsky

2004) (Figure 2. 1). The pollinia are located above and to the sides of the stigmatic surface. The

caudicles extend down beside the stignatic surface such that the viscidia are adjacent to the

nectar spur opening. There is one viscidium on each side of the nectar spur opening, and these

are separated by 6 mrn to 7 mm (Sheviak & Bowles 1986).

Plants of P. pt"aeclara reproduces primarily by seed, thus pollination is a critical step in

its life history. Pollination is the process by which pollen grains are transfened frorn an anther to

a receptive stigma, which is followed by fertibzation of ovules and development of seeds

(Proctor et al. 7996). Aftifical self- and cross-pollination of the WPFO result in sirnilar leveis of

fruit production (Pleasants & Moe 1993) but the positioning of the pollinaria reiative to the

stigrna rnake it unlikely that selÊpollination occurs commonly in nature.

A variety of pollination syndromes, or characteristic cornbinations of floral traits specific

to different modes of pollination have been described (Faegrì & van der P¡l 1979). With their

long nectar spurs, creamy white color, and sweet odor in the evening and at night, the flowers of

the WPFO can be described as sphingophilous, or having the structure of flowers pollinated by

long-tongued sphinx moths (or hawkrnoths) of the farnily Sphingidae (Baker I 961 ; Grant I 983;



Sheviak & Bowles 1986). Sphinx moths act as pollinators for a numb er of Platantltera species

(Stoutamire 19741. Smith & Snow 1976;Nilsson 1983; Inoue 1985; Inoue 1986), though some

membels of the genus are poilinated by other rnoth species, butterflies, bees, flies, mosquitoes,

and beetles (Thein i969; Gorham 1976; Inoue 1981; Cole & Finnage 1984; lnoue 1985;Patf et

al. 1989; Robertson &Wyatt 1990; Little er a|.2005).

Figure 2.I . Photograph of the WPFO flower showing the reproductive structures. CA : caudicle;
NS : nectar spur opening; PL : pollinium; SS : stigrnatic surface; VI : viscidium.

Photo By: B. Bergmans



Figure 2.2.Photograph of WPFO pollinarium attached to eye of Splùnx dntpiferat-tun. CA:
caudicle; PL: polliniurn; VI : r,iscidiurn.

Photo By: A.R. Westwood

The Sphingidae is a moth farnily of approxirnately 1 000 species worldwide, 1 I 5 of which

are found in Canada and the United States (Hodges l97I). Sphingids are medium to large-sized

rnoths with long slender wings and a long, conical body (Hodges 1971). While some species are

diurnal, most are crepuscular and/or nocturnal (Hodges 1971). Many species have long

proboscises which are adapted for nectar feeding (Holland 1968; Hodges 1971; Miller 1997).

Nectar-feeding sphinx moths are important pollinators for nìany plant species, including a

number of orchids (Kislev et a|.1972; Srnith & Snow i976; Schemske 1980; Grant 1983;

Nilsson et al.1987;Nilsson & Rabakonandrianina 1988; Haber & Frankie 1989; Johnson 1995;

Singer & Cocucci 1997;Maad & Nilsson 2004; Westwood & Borkowsky 2001. Sphinx moths

are capable of flying continuously for up to 30 minutes (O'Brian 1999) and may travel hundreds



of metres while foraging and several kilornetres in search of favourable habitat (Gregory i964;

Cross & Owen 1970; Stockhouse 19761,Linhart & Mendenhall 1977;Haber 1984; Janzen 1986;

Poweil & Brown 1990; Chas e et al. 1996). Sphinx moths can carry large pollen loads (Kislev er

al.1972; Haber 1984; Nilsson et a|.1987; Wilhnott & Búrquez 1996) and visit many flowers per

foraging session (Heinrich 1983; Henara 1989; Pfaff 1991 cited in Josens & Farina 1997).

However, the degree of floral constancy shown by sphinx moths varies considerably and rnay be

dependant on the spatial distribution and heterogeneity of available nectar sources (Eisikowitch

& Galil 1971; Kislev et a|.1972; Nilsson eÍ al. 1987; Willmott & Búrquez 1996). Sphinx moths

rnay also act as nectar thieves if their flower handling behaviour or proboscis length does not

require thern to contact both anthers and stigrnas while accessing nectar (Gregory 1964; Nilsson

& Rabakonandrianina 1988; Nilsson et a|.1992b; Baum 1995; Miller 1997).

The fragrance released by cerlain flowers activates flower seeking behaviour in sphinx

rnoths (Brantjes 1978) and together with visual stimuli it is used to locate specific flowers

(Cruden 1970; Nilsson et a|.1987; White et a|.1994; Raguso & Willis 2003). Sphinx rnoths fly

in zig-zag patterns, following odour plumes of either potential food sources or larval host plants

to their source (Haber 1984; Nilsson et al. 1987; Raguso & Willis 2003). Visual stirnuli are used

by the rnoth for orientation during the final approach to a flower, though both visual stimuli and

odour are necessary to elicit feeding behaviour (White et al.1994; Raguso & Willis 2003).

Visual stimuli which mirnic the wavelength reflectance of typical sphinx moth flowers best elicit

sphinx rnoth feeding behaviour colnpared to other wavelengths (White et al. 1994). At i 0 cm to

20 cm from a flower, a sphinx moth unroils its proboscis (Brantjes & Bos 1980; Baurn 1995).

Once the ploboscis contacts the flower, the rnoth moves closer to the flower and inserls the



proboscis into the nectar spur or corolla tube (Brantjes & Bos 1980). Sphinx moths usually

hover in front of the flower while collecting nectar as rnost flowers preferred by sphinx moths do

not have landing platfonns (Hodges 1971; Faegn &. van der Pijl 1979; Baw 1995), though they

have been observed landing or partially supporling thernselves on flowers of some species (Grant

&. Grant 1983; Heinrich 1983; Baum 1995; Wilhnott & Búrquez 1996). After collecting nectar,

a sphinx rnoth flies upwards and the proboscis is withdrawn from the nectar spur (Brantjes and

Bos 1980). Sphinx moths may visit several flowers on the same plant in succession, usually

moving upwards if the inflorescence is a spike, but tend to move frorn plant to plant frequently

(Gregory 1964;Brantjes and Bos 1980; Inoue 1986; Nilsson et al.1987'Pfafî 1991 cited in

Josens & Farina 1997; Nilsson et a|.1992a; Baum 1995).

Pollination of P. praeclara by the Carolina sphinx (Mandtrca sexta L.) has been observed

in the laboratory (Sheviak & Bowles 1986). As the moth's proboscis slips into the nectar spur

and the moth moves toward the flower, the moth contacts the viscidia, which adhere to the

moth's head or eyes (Sheviak & Bowles 1986; Cuth eL|1994, Westwood & Borkowsky 200$.

The pollinaria are pulled from the flower as the rnoth withdraws frorn the flower (Sheviak &

Bowles 1986; Cuthrell 1994; Westwood & Borkowsky 200$ (Figure 2.2). The caudicles dry

and bend once removed from the flower (Johnson & Edwards 2000). This rotates the pollinia,

either left or right, such that they assume a central position forward of the moth's head (Sheviak

& Bowles 1986; Westwood & Borkowsky 200\. This position facilitates contact of the pollinia

with the stigrnatic surface of WPFO flowers subsequently visited (Sheviak & Bowles 1986). In

order to act as a pollinator rather than nectar thief, the moth must have a proboscis of sufficient

length to reach the nectar but not so long as to prevent its eyes from reaching the viscidia



(Sheviak & Bowles 1986). In addition, the distance between the moth's eyes rnust be similar to

the distance between the viscidia (Sheviak & Bowles 1986).

Westwood and Borkowsky (200a) confinned two species of sphinx moths, the wild

cherry sphinx (Spltittx drupiferartun J.8. Srnith) and galium sphinx (H),les gallii (Rottenburg)),

as pollinators of P. praeclat"a in Manitoba and suggested the chersis sphinx (Sphinx cltersis

(Hubner)) and laural sphinx (Splùnx lcalntiae J.E. Smith) as potential pollinators. Sheviak and

Bowles ( 1986) observed a five-spotted sphinx moth (Manduca quinquentaculata (Haw.)) visiting

a WPFO flower in the United States but noted that removal of pollinaria did not occur and

suggested that M. quÌnquemaculata is unlikely to be a pollinator of the WPFO. Manitoba is

beyond the northern extent of the range of M. quinquetnaculata (Hodges 1971). Sheviak and

Bowles (1986) suggested the following moth species as potential pollinators of the WPFO in the

United States based on proboscis length: achemon sphinx (Eumorpha achenton (Drury)), white-

lined sphinx (H1,16 lineata (F.)), Sphinx drupiferarum, and Splùnx kalntiae. Cuthreil (1994)

collected one specimen each of S. drupiferûrunl and E. acltetnon from a light trap, each with

WPFO viscidia attached to the head, in the United States. Manitoba is outside the range of E.

achetnon (Hodges l97l). Though Hltles lineata may occur in Manitoba (Hodges 1971), there is

no record of it being found at the TGPP (Westwood & Borkowsky 200$. Manitoba is the

northenr extreme of the range of Splùnx dtupÌfet^arurz, thus it is unlikely to be cornmon in

Manitoba (Hodges 1971; Westwood & Borkowsky 2004). The range of H¡,\¿s gallii extends into

Manitoba, but it is not a cornrnon species in much of its range (Hodges 1971). The population

size of H. gallii rnay fluctuate greatly in southern Manitoba, with few individuals appearing in

some years (Westwood & Borkowsky 200$. In Manitoba, S. dt"upiferatanl and H. gailii over-
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winter as pupae, are univoltine, and on the wing fiom late May to July (Hodges i 971; Westwood

& Borkowsky 200a). The larvae of S. drupiferarltm feeds on chenies and plurns (Pnuu.ts spp.),

apple (Malzrs spp.), lllac (Syringia spp.) and hackberry (Celtis occidentalis L.) (Hodges 1971;

Morris 1980). Apple and hackberry are not known to occur in the TGPP (Critical Wildlife

Habitat Program 1999). Larvae of Hyl¿s gallíi feed primarily on bedstraw (Galiturz spp.), and

fireweed and willow herb (Epilobimn spp.), though a number of minor host plants have been

identif,red (Hodges 1 971 ; Morris I 980; Pittaway 1997 -2006), lnany of which do not occur in the

TGPP (Critical Wildlife Habitat Program 1999). Eggs are typically laid on or near larval host

plants (Pittaway 1997 -2006).

Of the sphinx moth specimens caprured in Manitoba carrying WPFO pollinaria, S.

drupiferarzunhad rnore pollinana attached per specirnen than H. gallii (Westwood & Borkowsky

2004). While this difference may be indicative of variation in foraging behavior andlor

pollinating efficiency between the species, the sample size was small (n: 6 specirnens)

(Westwood & Borkowsky 200$.

After successful pollination, A WPFO flower will produce a capsule after successful

pollination (Bowles 1983; Bjugstad & Bjugstad 1989; Sieg & King 1995). Each capsule

contains thousands of dust-like seeds, which are likely dispersed through the air when the

capsule dries and opens (Bowles 1983; Bjugstad & Bjugstad 1989; Sieg & King 1995; Sharma et

a|.2003)
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The WPFO reproduces prirnarily by seed, thus conseryation strategies must be concerned

with levels of seed production. The level of fruit set (ie: capsule production) varies considerabiy

between WPFO populations. The percent of stems that produce seed capsules in southern

popuiations can be up to 49o/o (Bowies 1983; Cuthrell 1986). In a North Dakota population,

Pleasants and Moe (1993) recorded that30% of flowers produced fruit. In the Manitoba

population fruit set levels were rnuch iower, ranging from 0.18 o/o to 3.27 % (Borkowsky 2006).

Borkowsky (1997) found that22 % of WPFO flowers in Manitoba produced seed capsules,

though the sarnpling rnethodology used in this case is such that results should be interpreted

cautiously. Placement of ultraviolet lights in and around Manitoban orchid populations

significantly increased levels of seed capsule production per plant and per flower by attracting

sphinx rnoths to orchid populations (Borkowsky 2006), suggesting that seed pod production is, at

least in part, pollen lirnited. Those plants which would produce rnore fi:uit if they received more

pollen are said to be poilen lirnited (Willson 1983).

2.2 Objective l: Habitat Description

Biotic andlor abiotic variables are often used to describe the habitat of a given species or

community (Hill & Keddy 1992; Wolken et a|.2001). Because multiple variables are often used

to describe a particular habitat, the resulting rnultivariate data sets can be large and the relevant

trends in the data may be difficult to assess simply by examining the raw data or using only

univariate techniques. Thus, a variety of rnultivariate techniques have been developed which

allow researchers to summarize the structural features of a data set (eg: relationships between

variables or trends across sites) in a clear and concise manner (Legendre & Legendre 1998). In

this study, several techniques were employed to describe and summarizethe vegetation data
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recorded at sites with orchids, including measures of species diversity and the ordination of

variables and sarnpling units.

2.2.1 Species diversity and evenness

Diversity is a central theme in ecology and has been so for many years (Magurran 2004).

Species diversity is "a measure of species composition, in tenns of both the number of species

and their relative abundances" (Legendre & Legendre 1998). Measures of diversity (or diversity

indices) charactenze the species composition at a particular site at a pafticular tirne, and are used

by ecologists for a variety of purposes, including the cornparison of communities in both space

and time (Legendre & Legendre 1998). The two components of species composition - the

number of species (species richness) and the relative abundances of species (species evenness) -
rnay be used apart from a diversity index to describe a particular community (Magurran 2004).

Species richness is frequently used as a descriptor of biological communities (Magunan

2004). However, accurate comparisons of communities in tems of species richness rnay be

diffìcult if sample size or sarnpling effort differs between the communities (Legendre &

Legendre 1998; Magurran2}}4). This problem may be avoided by using a technique known as

rarefaction (Sanders 1968; Hurlbeft 1971), which has been used in a number of recent studies to

estimate plant species richness (eg: Forbes et al.200l; Roldán & Sirnonetti 2001; Doak & Loso

2003;Chiarucci etal.2004;Badano etal.2005;Pueyo etal.2006). Therarefactionprocedure

allows one to calculate the number of species expected in each sample if sarnple sizes are

standardized to a given number of observations (Legendre & Legendre 1998; Magunan 2004).

The obselvations rnay be individuals (eg: Chiarucci et al. 2004) or occurrences (eg: Doak &
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Loso 2003). Typically, the sarnple with the least observations defines the sub-sample size

(Legendre & Legendre 1998; Rarnbo & Faeth 1999; Maguran 2004 Badano et al. 2005) though

any number of obseruations less than this rnay be chosen (Forbes et al. 2001; Chiarucci et al.

2004). For each sarnple, the observations are randomly sub-sarnpled without replacement such

that the number of observations sub-sarnpled is equal to the standard number of observations

(Gotelli & Colwell 2001). The rarified species richless of the sarnple is the number of species

represented in that number of observations (Gotelli & Colwell 2001). This is usually repeated

numerous tirnes (eg: 1000), and the mean of the species richness values obtained by the iterations

is used as the value for rarefied richness (Rarnbo & Faeth 1999; Forb es et al. 2001 Gotelli &

Colwell 2001:. Chiarucci et a|2004; Badano et a|.2005). By calculating species richness for a

number of sub-sarnple sizes, rarefaction curves may be constructed, ailowing between sample

conrparisons of richness for any number of observations (Gotelli & Coiwell200i;Pueyo et al.

2006). The sufficiency of sampling effort in regards to charactenzing a cornmunity rnay also be

determined using ararefacfion curve - the more horizontal the cuwe, the more iikely that

sampling effort was sufÍìcient (Buddle et a|.2005).

Species everìness is a rneasure of the equitability of species' relative abundances

(Magurran 2004). Species abundance models, which describe the distribution of species

abundances, may be used to measure the evenness of a community, but problems may arise if

certain types of abundance data are used or if all the communities studied do not fit one rnodel

and corrparisons are to be made using a diversity index (Magurran 2004). Two other tneasures

were used in tiris study. The slope of rank log abundance plots rnay be used to assess species

evenness - the more horizontal the slope, the more equitable the species abundances (Goodrnan
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& Trofumow 1998; Southwood & Henderson 2000). Measures of evenness may also be

obtained by dividing a diversity index (see below) by its maximum value where the maximum

vaiue occurs when all species are equaily abundant (Legendre & Legendre 1998; Magurran

?oo4l

As rnentioned above, diversity indices are diversity rìeasues which take into account, to

varying degrees, both the number of species and the relative abundances of those species

(Legendre & Legendre 1998; Maguran 2004). Of the many diversity indices which have been

proposed in the literature, two commonly used indices - the Shannon-Weiner and Sirnpson

indices - are entropy measures derived from information theory (Southwood & Henderson 2000;

Magurran 2004). The Shannon-Wiener index (H') is a lreasure of the uncerlainty of selecting

two individuals of the same species and is more sensitive to rare species than the Simpson index

(Magurran 2004). The Sirnpson index (C) is the probability that two randomly selected

individuals willbe of different species (Southwood & Henderson 2000). While concerns have

been raised regarding the use of the Shannon-Wiener index, it lemains commonly used in

ecological studies (Hartnett & Wilson 1999; Berger & Puettmann 2000; Small & McCarthy

2002; Magurran 2004). The Sirnpson index has been shown to be a robust measure of diversity

and is often used in studies of diversity (Boyd et a|.1995; Sullivan et a|.1998; Magunan2004).

The use of rnultiple diversity ûleasures allows for thorough examination of data (Sullivan er a/.

1998; Van Dyke er a|.2004; Roughley et a|.2006).

Measures of beta diversity are comparative in that they examine differences in species

cornposition between points in space or tirne (Magunan 2004). One class of beta diversity
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measures are the sirnilarity lneasures (Magurran 2004). Of the many sirniiarity measures that

have been proposed, the Jaccard coefficient is comrnonly used (Legendre & Legendle 1998;

Qian et al. 1998; Stohlgren et al. 1999; Magunan 2004). The Jaccard coefficient measures the

overlap between two species lists (Legendre & Legendre 1998; Stohlgren et a|.1999).

2.2.2 Ordination

The relationships among variables in one or filore data sets may be summarized using

methods of multivariate anaiyses, including ordination methods (Legendre & Legendre 1998).

Ordination methods can produce an optirnized low-dimensional representation of a complex data

structure by finding and ernphasizing the underiying trended variation while suppressing "noise"

(Legendre & Legendre 1998; Kenkel 2006). Where relationships among variables in a single

data set are to be summarized rather than relationships among variables within and between data

sets, non-canonical ordination methods such as prìncipal component analysis (PCA), principal

coordinate analysis (PcoA), corespondence analysis (CA), and nonmetric multidimensional

scaling (NMDS) are commonly used (Legendre & Legendre 1998; Kenkel 2006). The

ordination rnethod used must be appropriate for the type of data to be analyzed if results of the

ordination are to accurately represent the data structure (Kenkel 2006). Biotic suruey data

gathered over a relatively short envirorunental gradient, such as in this study, is generally

amenable to PCA, particularly after appropriate transfonnation (Legendre & Legendre 1998;

Kenkel 2006). Principal components analysis extracts rnutually ofthogonal ordination axes such

that the proportion of variance explained is rnaxirnized on each axis - that is, the first axis

maximizes linear variance (ie: surnmarizes the main linear trend), the second axis maximizes the

residual variation not accounted for by the f,rrst, and so on (Southwood & Henderson 2000;
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Kenkel 2006). Where all variables are fileasured on the same scale (eg: percent cover),

standardization is unnecessary and may be undesirable (Legendre & Legendre 1998; Kenkel

2006). In such cases, a PCA using a covariance matdx rather than a correlation matrix is

preferred (Kenkel 2006).

Multivariate techniques, including multiple discriminant analysis (MDA), may be used to

cornpare the overall stntcture and composition of trvo or more plant communities (eg: l\4atthews

1979; Culver & Beattie 1983; Nudds 1983; Mclendon & Redente 1991; Witkowski & O'Connor

1996). Where plots are divided into predefined groups, MDA may be used to determine if the

measuled variables, taken collectively, can discriminate alnong the groups (Williams 1983;

Legendre & Legendre 1998). Multiple discriminant analysis is a two-step process (Legendre &

Legendre 1998). First, the variables are tested for differences among the predefined groups in a

manner similar to rnultivariate analysis of variance (MANOVA) (Legendre & Legendre 1998).

If significant differences among the groups are found, the analysis finds the linear cornbinations

of variables which best discriminate among the groups (Legendre & Legendre 1998). The

relative contribution, or weight, of each variable to the combination is also determined (Legendre

& Legendre 1998).

It is generally recommended that the number of objects in each group is substantially

grea[er than Lhe nurnber ol'variables if a stahìe and rohust result is to he obtainec] (T,egendre &.

Legendre 1998). Williams and Titus (1988) suggest that the nunber of objects per group

outnumber variables by a ratio of three to one. Large ecological data sets, however, may not

satisfy this requirement (Legendre & Legendre 1998). To meet this requirement, the number of
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variables rnay be reduced by elirninating variables fr'om the anaiysis (eg: King & Jackson 1999;

Rangen et al. 1999; Owen et al. 2006). Alternatively, variables may be summarized using

ordination rnethods such as PCA, with the PCA axes which explain a substantial amount of the

variation in the data then being used as the variables in MDA (eg: Nudds 1983; Witkowski &

O'Connor 1996; Grulke & Lee 1997; Zuk et al. 2001; Anderson & Willis 2003). Satisfaction of

the 3: 1 object to variable ratio would determine the number of axes chosen to act as variables.

Multiple discriminant analysis based on such corrposite variables is also less likely to violate

other assumptions of the analysis than an MDA based on the original observations (Nudds 1983;

'Williarns 1983; Witkowski & O'Connor 1996).

The above rnethods - species diversity (including richness and evenness), PCA, and

MDA - are useful techniques to describe, surnrnarize, and compare plant communities (eg:

Silvertown et al. 1994; Witkowski & O'Connor 1996; Hartnett & Wilson 1999).

2.3 Objectiv e 2: Reproductive Ecology

The nurnber of female flowers produced by an individual plant reflects the maximum

number of fruits that the individual can produce (Stephenson 1981). This is because each fernale

flower has an ovary that has the potential to mature into a fruit (Moore et al. 1 998). Ferlilization

of one or more ovules in the ovary by pollen is usually a prerequisite for fruit development

(Moore et al. 1998). Fertllizalion occurs when one of the sperm nuclei fi'om a pollen grain fuses

with the egg cell in an or,'ule (Moore et al. 1998). The spenn nuclei travel through the pollen

tube frorn the pollen grain to an owle in which a sperrn nucleus fuses with the egg cell (Moore er

al. 1998). Pollen and or,ules are produced in different organs: pollen is produced in the anthers
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while owles are produced in the ovary (Moore et al. 1998). Thus, pollination - the transfer of

pollen fiom an anther to a receptive stigrna - is a prerequisite for fertllization and fruit

development in most piants (Moore et al. 1998).

Individuals of rnany plant species produce rnore flowers than mature fiuits (Wyatt 1976;

Stephenson 1981 ; Neiland & Wilcock 1998). Flowers and immature fiuits may be darnaged by

environmental phenornena (Dodds et al. 1994;Inouye 2000; Pilson 2000) or predators (Heithaus

et al. 1982; Ackerman & Montalvo 1990) to such a degree that the flowers cannot be pollinated

or the fruit cannot be carried to maturation. However, even undamaged flowers often fail to

rrature fruit (Stephenson 1981; Heithaùs et al. 1982). In such cases, the disparity between

flower and fruit production is usually attributed to one or rìore factors which lirnit fruit

production by inhibiting the processes of pollination and/or fruit rnaturation (Bierzychudek 1981 ;

Stephenson 1981;IJdovic i981; Willson 1983;Zimmennan & Aide 1989; Roll et al.1997;

Pana-Tabla eÍ al.1998; Mattila & Kuitunen 2000; Rathcke 2000). These factors can frequently

be placed in one of two broad categories, depending on which process (pollination or fruit

maturation) they affect (Willson 1983). Those factors which inhibit or interfere with the process

of pollination contribute to the phenomenon of pollen (or pollinator) lirnitation (Willson 1983).

Plants which are pollen lirnited fail to produce as many fruits as they have flowers because they

lack the pollen with which to fertilize ovules and stirnulate fiuit production (Janzen et al. 1980

Willson 1983;Calvo 1990; Beftness & Shurnway 1992; Darrault & Schlindwein 2005). Those

factors which inhibit the process of fruit and/or seed rnaturation are usuaily related to a lack of

resources essential for fruit and/or seed production (Stephenson 1981 ; Udovic 1981; Lee &

Bazzaz 1982). Resources necessary for reproduction include carbohydrates, inorganic nutrients,
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and water (Stephenson 1981 and references therein; Campbell & Halama 1993). Those plants

which experience a lack of such resources are said to be resource lirnited (Willson 1983). This

distinction is not always clear as there rnay be interaction of factors across categories (Carnpbell

&. Halana 1993). A plant rnay experience both pollen and resource limitation within and/or

betr¡,een reproductive episodes (Montalvo & Ackennan 1987; Ackerman & Montalvo 1990;

Parra-Tabla et al.1998; Melendez-Ackennan et a|.2000; Maad & Alexandersson 2004). Some

authors (eg: Bawa & Beach 1981 ; Stephenson 1981) have suggested that pollen limitation is

relatively rare alnong plants, with resources being the over-whelrring factor in fruit set lirnitation.

There is, however, evidence that pollen lirnitation occurs in a number of species (Bierzychudek

1981;Rathcke 1983; Burd 1994).

Not all flowers of the WPFO in Manitoba or the United States produce fruit (ie: seed

capsules) (Bowies 1983;Cuthrell 1986; Pieasants & Moe 1993; Borkowsky 1997), thus WPFO

reproduction is resource and/or pollen limited. Borkowsky (2006) placed ultraviolet lights in and

around WPFO aggregations in Manitoba to attract nocturnally active sphinx moths. Orchid

aggregations with lights had significantly higher levels of seed capsule production per plant and

per flower compared to WPFO aggregations without lights. This suggests that WPFO seed pod

production in Manitoba is, at least in part, pollen limited. This limitation is likely due to a

number of factors which rnay include cornpetition with other plant species for pollinators, a lack

of resources in WPFO habitat which are required by WPFO pollinators (e.g., larval host plants),

weather conditions, or anthropogenic factors (e.g., light sources).
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2.3. I Pollen lirnitation

Those plants which would produce more ffuit if they received more pollen are said to be

pollen limited (Willson 1983). Polien lirnitation is more corunon among perennials and

outcrossing plants than annuals and selfing plants (Charlesworth i 989).

Factors which contribute to pollen limitation usually do so by affecting rates of pollinator

visitation. They may occur at four different levels: the level of the individual plant and/or

flower; the population; the community; and the ecosystern. At the individual level, such things

as inflorescence size (Pleasants & Moe 1993; Mustajàrvi et a|.2001) and flower condition

(Altizer et a\.1998) can affect the rate of pollinator visitation. The size (.Ä.gren 1996; Morgan

1999; Waites & Ågren 2004) and density (Roll er al. 1997; Mustajärvi et al. 2OOl) of a plant

population may also affect pollinator visitation within that population. At the community level,

co-occuring plant species may affect pollination rates by facilitating or competing for pollinator

services (Rathcke 1983). Also, adult Lepidopteran pollinators are more likely to be present in

plant populations which grow in association with the host plants of their lawae compared to

those in which the larval host plants are absent (Murphy et al.1984, Grossmueller & Lederhouse

1987; Tuskes et al. 1996; Brommer & Fred 1 999). As a result, it rnay be that plants growing in

association with the larval hosts of its pollinator experience a higher rate of flower visitation than

those plants which are fufiher frorn iarval host plants. At the ecosystem level, meteorological

conditions (Eisikowitch & Galil 1 971 ; Willmott & Burquez 1996; Light & MacConaill 2002;

Murren 2002) and landscape features such as topography (Johnson & Bond 1992) and

fragmentation (Aizen & Feinsinger 1994) may affect pollinator visitation rates. This study is

concerned prirnarily with factors at the cornmunity and ecosystem levels.
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2. 3. l. I Contpetition.for" pollinalors

Co-occurring plant species which bloom concurrently and are pollinated by the same

species may compete for the pollinating services of that species, which results in reduced

reproductive output by one or both plant species (Rathcke 1983). These interspecifìc

cornpetitive interactions can be interferential and/or exploitive in character (Waser 1978a Waser

1918b Zimmerman 1980). Interfelence cornpetition occurs when a shared pollinator's foraging

behaviour is such that pollen is transferred interspecifically, reducing the availability of effective

poilinator movements, pollen, and stigrnatic surfaces to individuals of one or both species

(Waser 1978a; Waser 1978b; Carnpbell & Motten 1985). Exploitive cornpetition occurs when

one plant species draws pollinators away from another plant species (Waser 1978a; Waser

1978b), thus reducing the number of visits to and/or the amount of pollen received by the second

plant species (Brown et a|.2002). Pollen limitation by cornpetition has been suggested not only

for P. praeclara (Westwood & Borkowsky 200$ but also for P. olwboi Makino (lnoue 1985).

Conversely, a plant species may facilitate the arrival of poliinators to another species,

thus increasing visitation rates and ultirnately the reproductive output of the second species

(Rathcke 1983; Moragues & Traveset 2005) though this has been rarely documented (Feldrnan er

a|.2004).

2.3 . 1 .2 Pollination and \at-val ltosf plants

Habitat requiretnents for Lepidoptera may differ between adult and larval stages.

Butterfly and moth species may feed on nectar as adults, but feed on the vegetative parts of
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plants as larvae (Triplehom & Johnson 2005). Both the adults and iarvae rnay forage on only

one or a few plant species, though the species required by larvae rnay be different from those

required by adults (Brommer & Fred 1999 and references therein). Egg-laying fernale moths

may spend much of their time in areas in which the the host plant of their lalae is abundant

(Douwes 1968; Tuskes et al.1996). Areas with both adult and lawal resources are likely to have

both rnore adults and more larvae present than those areas which have resources necess ary for

only one of the two life stages (Murphy et al. 1984; Grossrnueller & Lederhouse 1987; Karban

1997; Brornmer & Fred 1999). Of studies which have examined this connection, rrrost have done

so with the aim of discerrring the factors affecting ovipositioning behaviour, so visitation and

pollination rates of nectar plants were not rneasured. However, it is reasonable to expect that

nectar plants growing near the larval host plants of their pollinators will experience higher

visitation rates compared to nectar plants growing farther fforn host plants since habitat

requirements are satisfied for both adults and larvae (Janzen 1986; Nilsson et al. 1992b).

2. 3. L 3 Pollination and nteteot"ol ogical conditions

The activity of adult Lepidoptera may be constrained by rneteorological conditions,

particularly temperature and wind speed (Eisikowitch & Galil 197l;Hardwick 1972; Cruden er

al. 1976; McGeachie 1989; Holyoak et al. 1997; Butler er al. 1999; Bailey & Hom 2007). Like

all insects, Lepidoptera are ectothennic (Triplehom & Johnson 2005), though with activity, body

temperatures may rise above ambient temperatures (Heinrich 1971; Heinrich &. Casey 1973;

Casey 1976). Aduit Lepidoptera are active within a range of arnbient temperatures, above or

below which activity ceases (Daly et al. 1978). For nectar-seeking sphinx moths, there is a

positive relationship between arnbient temperature within this range and floral visits (Cruden
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1973; Cruden et al. 197 6; del Rio & Búrquez 1986), though other temperature variables rnay also

impact moth behaviour (Bailey & Hom 2007). In moderate to high winds, moth activity

decreases dramatically (Douwes i 968; Eisikowitch & Galil I 971 ; Wilirnott & Búrquez 1996).

This rnay be due to the presurnably high energetic costs associated with flight in such conditions

or because it is too diff,rcult for a moth to maintain proper positioning in front of the flower while

hovering (Eisikowitch & Galil 1971). Few researchers have explicitly examined the connection

between weather conditions and the foraging activity of Lepidopteran poilinators, pafiicularly

under controlled conditions.

2.3.1.4 Pollinarion and ligltt

Many species of noctumal rnoths are attracled to anthropogenic light sources (Frank

1988) and lights are frequently used to attract and collect nocfumal rnoths, including sphinx

moths, for research purposes (McGeachie 1989; Butler et al. 7999; Southwood & Henderson

2000; Salvatore &. Janzen 2005). Anthropogenic lighting may distulb foraging sphinx rnoths

(Brown 1976), though they rnay feed in the presence of anthropogenic illumination (Frank

1988). Many nocturnal moths attracted to light sources will spend considerable tirne flying or

resting near them (Robinson & Robinson 1950; Janzen 1986; Frank 1988). If rnoth species

wirich act as pollinators spend considerable amounts of time near lights, they presurnably spend

less time foraging for nectar and affecting pollination. There is considerable debate about the

distance fiorn which moths are atfracted to light sources (the collecting distance or catchment

area), with suggestions ranging from several to hundreds of metres, though most recent studies

suggest that the collecting distance for many species is 10 rn or less (Frank 1 988; Southwood &

Henderson 2000). The collecting distance of a particular light rnay depend on the taxa under
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study, the type and positioning of the light used as an attractant, or the amount of arnbient light

(e.g., moonlight) during collection (Frank i988; Southwood & Henderson 2000;Nowinszky

2004).

2.3 .2 P ollen lirnitation and species conservation

As discussed previously, pollination is a vital stage in the life history of flowering plants.

This is especially true for plants which have no other mode of reproduction (e.g., clonal

propagation) (Bond 1994). For animal-pollinated plant species which rely on recruitment by

seed, such as the W?FO, the conservation of pollinator mutualisms is critical (Nilsson er a/.

1992b; Bond i994). Chronic pollen limitation may adversely affect the viability of a plant

population by decreasing seed production, thereby decreasing opportunities for recruitment of

new individuals (Janzen 1987; Kearns et al. 1998). IJnderstanding the causes of poilen

limitation is thus particularly important for proper rnanagelnent of endangered plant species.
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3. THE PLANT COMMUNITY ASSOCIATED WITTI THE ENDANGERED WESTERN
PRAIRIE FRINGED OR.CHID (PLATANTHERA PRAECLAIRI) IN MAT\ùITOBA.

3.1 Abstract

In Manitoba, the endangered western prairie fringed orchid (Pløtanthera praeclara) tends

to occur in discrete aggregations in sedge meadows in tall grass prairie areas. While detailed

descriptions of the plant community associated with orchid have been pubiished for several

populations in the United States, no such description has been published for the Manitoba

population. Such infonnation is valuable for managers of the orchid and its habitat. This study

described the plant community associated with four orchid aggregations, separated by at least

800 rn, in the Tall Grass Prairie Preserye in southeastem Manitoba. The four sites were broadly

similar in that each was dominated by graminoids (sedges, rushes, and grasses) and shared a

moderate number of forb and grarninoid species. The most abundant folbs included Galiwn

boreale, Fragaria virginiana vrrf, fftpoxis ltit'sute. The measures of species richness (species

dchness and rarified richness) varied significantly between distances from the centre of the

orchid beds, but not between sites. The diversity measures (the Shannon-Weiner and Simpson

indices) and the evenness lreasures (Shannon-Weiner evenness and rank log abundance slope)

were significantly different between sites but not distances. Ordination methods (Principai

Components Analysis and Multiple Discrirninant Analysis) showed the plant cornmunity at one

site differed from that of the other sites, but the plant community was not signif,rcantly different

between distances frorn orchid bed centre. Many of the species associated with the orchid in

Manitoba are not associated with the orchid in more southern populations.
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3.2 Introduction

Survey data regarding the biotic and abiotic habitat characteristics of an endangered

species is important to land managers for several reasons. This infonnation may used to identify

areas where the species may be located or where a new population rnay be established (Primack

2006). In addition, suniey data can provide a better understanding of the interactions betwesn an

endangeled species and its envirorunent and focus further ecological study on relevant issues.

The westem prairie fünged orchid (Platantltet'a praeclara Sheviak & Bowles; hereafter

referred to as "W?FO") is classified as endangered in Canada (Collicutt 1993), threatened in the

United States (US Fish & Wildlife Service 1989), and has been placed on the world list of

endangered species (NatureServe 2006). The rarity of the WPFO is most often attributed to the

conversion of its prairie habitat to agricultural use (Sheviak & Bowles 1986; US Fish & Wildlife

Service 1989; Srnith 1993; Hof et al. 1999). While infonnation regarding the habitat

characteristics of the WPFO is available for populations in the United States (Wolken er a/.

2001), habitat information about the Canadian population has not been published in the scientifìc

literature. This study seeks to partially fill this gap.

The iargest and only Canadian population of the orchid occurs in and adjacent to the

2200 ha Tall Grass Prairie Preserve (TGPP) in southeastern Manitoba (Westwood & Bor-kowsky

2004). The number of flowering stems in this population can fluctuate from apploxirnately 2000

to 21,000 per year (Westwood & Borkowsky 200$.
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In the TGPP, the orchids tend to grow in distinct aggregations often separated by at least

several hundred metres. The orchids in the North Dakota popuiation are typically located in

moist to wet prairie swales dominated by northem reedgrass (Calantagrostis slricta (Timrn.)

Koel.), Kentucky bluegrass (Poa pratetzszs L.), Andropogol? spp., baltic rush (Jtutcus balticus

Willd.) and sedges (Cat"ex spp.) (Sieg & Bjugstad 1994; Wolken et a|.2001). Willow (Salix

spp.), meadow anernone (Anemone canadensìs L.), panicled aster (AsÍer sintplex Willd.), and

leafu spurge (Euphorbia esula L.) are also associated with the WPFO in North Dakota (Sieg &

Bjugstad 1994; Wolken et al.200l). The objective of this study was to describe the plant

community associated with the Canadian population of the WPFO and to test the following null

hypotheses: 1) orchid aggregations in Manitoba do not differ fi'om one another in tenns of plant

community cornposition or diversity and 2) the plant comrnunity does not differ in composition

or diversity as distance from the orchid aggregation increases. That is to say, the occurence of

orchid aggregations is not associated with a particular vegetative community within the orchid's

prairie habitat.

3.3 Materials and Methods

3.3. I Experimental design

Field sarnpling for this study was caried out in 2005 in the Tallgrass Prairie Presele

(TGPP) in southeastern Manitoba (49'09'N, 96o40'W). The clirnate of the area is boreal

continental with mean temperatures of - I 7 .1"C and 19.8'C for January and July, respectively

(Enviromnent Canada 2004). The area has 382.4 rnm of precipitation (86.7% of the annual

plecipitation) falling during the rnonths of April through Septernber (Environment Canada 2004).
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Drainage in the area is poor with soil composed of lacustrine parent matedal, sandy loam to clay

loarn upper horizons and a thin organic surface layer (Canada Soil Inventory 1989).

Orchids occur in highly aggregated groups (orchid beds) in the TGPP. Four orchid beds

within the TGPP were selected as sites (sites 1-4). Sites were separated by at least 800 rn (Figure

3.1). At each site, four 250 rn transects were established, one in each of the four cardinal

compass directions, originating from the approximate centre point of the site. A relatively long

transect was selected in light of a reiated study regarding the influence of the plant comrnunity

on the activity of the orchid's strong-flying moth pollinators (Gregory 1964; Cross & Owen

1970; Stockhouse I 97 6; Linhart & Mendenhall 1977; Haber 1984; Janzen 1986; Powell &

Brown 1990; Chas e et al. 1996; Westwood & Borkowsky 2004) (see Chapter 4). Centred at 50

m intervals along each transect,20 m long plots consisting of a series of plant sampling quadrats

were established. Quadrats were centred on the transect, and were randornly assigned in the area

extending 10 rn on either side of the 50 m interval. In addition, plant sarnpling quadrats were

randornly placed along the first I 0 m of each transect, for a total of six plots on each transect ( i :

0m;2:50rn; 3: 100m;4:150m; 5: 200m; and6:250m),exceptthesouthtransectofsitel

where property boundaries did not pennit sarnpling beyond the 150 m interval. There were three

types of plant sarnpiing quadrats - i.e., those for herbs, shrubs, and trees (see Figure 3.2 for a

diagram of site setup).

Herb quadt"ats. For each plot, two 1 m X I m quadrats were randornly placed within 10 m on

each side of the interval. In addition, two quadrats were randornly placed within the first 10 m of

each transect, for a total of 22 quadrats per transect (88 per site, except site 1 which had only 80).
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The percent cover of each herbaceous species was visually estimated twice in each quadrat *

once in June and August. All non-woody species, both forbs and grarninoids, were classed as

herbs.

Sluub quadrats. The nurnber and placement of shrub quadrats, which measured 2mX 2 m, was

the same as for herbaceous quadrats. For each shrub quadrat, the percent cover of ail shrub

species was visually estirnated once during the summer. Shrubs were defined as woody

stemmed plants less than 2 m in height and/or rrulti-stemmed.

Tree qrtadr"ats. Tree quadrats measured 5 rn X 5 rn. The placement of the tree quadrats along a

transect was the same as for herbaceous and shrub quadrats except that only two quadrats were

placed in each plot, one on either side of the 50 m interval. One tree quadrat was randomly

placed within the first 10 rn of each transect, resulting in a total of I I tree quadrats per transect

(44 per site, except site 1 which had 40). The trees in each quadrat were surveyed once during

the summer. The height and diarneter at breast height (1.3 rn) of each tree was measured. Trees

were defined as woody plants greater than2 rn in height and not rnulti-stemmed.

For all vegetation types, plants that were not clearly identifiable to species in the field or

laboratory were designated a number (e.g., "Herb #i) or grouped at a higher taxonomic level

(e.g.,"Carex spp." or "Poaceae").
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3.3.2 Statistical analysis

The herbaceous and shrub components of the vegetation survey were analyzed separateiy.

Few trees were found in the survey, thus they were not included in the analysis. For the

herbaceous component, the data from June and August were pooled. This was done to provide a

single overall description of the vegetation community at each site rather than having two

descriptions for each community (either June or August). The data were pooled at the quadrat

levei. For each species, the maxirnurn value associated with a given quadrat was assigned to that

quadrat for further analysis. If a plant was not readily identifìable in the June, it was not

recorded for the June survey, on the assumption that it would be identified and recorded during

the August survey. The rraxirnum value was used in the analysis (Harlnett & Wilson lggg). If

the mean cover value of the two survey periods was employed, there would be a bias against

plants present during both surveys but identifiable in only one. For some analyses, the

herbaceous category was divided into forb and graminoid categories, where graminoids were

def,rned as species belonging to the Poaceae (grasses), Cyperaceae (sedges), and Juncaceae

(rushes). All other herbaceous species were classed as forbs.

Data was tested for nonnality prior to analysis and where necessary were appropriately

transfonned (ie: log(X+l) or square-root-transfonned). IJntransformed means are reported in the

results and tabies. Normality testing and analyses of variance (ANOVA) were carried out using

SPSS software (SPSS Inc. 2001). When differences between lneans were detennined to be

signifìcant by ANOVA, Tukey's HSD test was used for post hoc comparison. For all analyses,

an alpha value of P < 0.05 was considered signifìcant.
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Pet"cenÍ cover. The mean percent cover of each species for each plot on each transect was

calculated. The total plant cover of each plot was detemined by surnrning the percent cover

values of all species in each plot. Total forb, grarninoid, and shrub cover by site were calculated

by averaging the total cover values frorn the plots at each site. Within each site, total forb,

graminoid, and shrub cover were determined for each distance from the site centre. Percent

cover differences between sites and distances across sites were assessed using a two-way

ANOVA. Differences in percent cover between distances within sites and between sites at each

distance were assessed using a one-way ANOVA.

Dìversitl;. Several diversity and evenness measures were calculated for each plot based on

lrerbaceous plants identified to genus or species. The"Carex spp." and "Poaceae" categories

were not included in the analysis as these categories encompassed a number of species and if

included, would have artificially reduced the diversity values for the plots. The use of multiple

diversity measures allows thorough examination of the data (Goodman & Trofumow 1998; Qian

et al. 1998; Sullivan et al. 1998; Hartnett & Wilson 1999; Berger & Puettmann 2000; Srnail &

McCarthy 2002; Roughiey er a|.2006).

Species richness and the Shannon-Weiner and Simpson diversity indices were used to

assess the alpha, or local, diversity of each plot. To produce standardized species richness

values, rarefied species richness for each plot was also calculated.

In brief, the rarefaction procedure can be used to calculate the number of species

expected in each sarnpie if sample sizes are standardized to a given number of observations
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(Legendre & Legendre 1998; Magurran 2004). For each sample, the observations are randomly

sub-sampled without replacement such that the number of observations sub-sampled is equal to

the standard number of obseruations (Gotelli & Colwell 2001). The rarified species dchness of

the sarnple is the number of species represented in that number of observations (Gotelli &

Colwell 2001). This is usually repeated nurnerous tirnes, and the Íìean of the species richness

values obtained by the iterations is used as the value for rarefred richness (Rambo &.Faeth 1999;

Gotelli & Colwell 2001; Chiarucci et al 2004; Badano et a|.2005).

Rarefaction culves were constr-ucted for each site. By calculating species richness for a

number of sub-sample sizes, rarefaction curves may be constructed, allowing between sample

comparisons of richness for any number of observations (Gotelli & Colwell200i;Pueyo et al.

2006). The sufficiency of sarnpling effort in regards to characterizing a comrrunity n-ray be

detennined using ararefaction curve - the more horjzontal the curve, the more likely that

sarnpling effort was sufficient (Buddle er a|.2005). All rarefaction analysis was done using the

rnethods outlined by Doak & Loso (2003) using the EcoSirn (Gotelli & Entsminger 2006)

software package.

The Shannon-Weiner diversity index (H') was calculated frorr the following equation:

H,=f p,hp,

and the Sirnpson index (C) was calculated using:
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c =t-ZpT
i=l

where s is the number of species found in the plot andp¡ is the proporlional abundance of the i'l'

species (Southwood & Henderson 2000; Maguran 2004). The Shannon-'Wiener index (H') is a

measure of the uncertainty of selecting two individuals of the same species and is more sensitive

to rare species than the Simpson index (Magurran 2004). The Simpson index (C) is the

probability that two randornly selected individuals will be of different species (Southwood &

Henderson 2000).

The species evenness of each plot was detennined by using the Shannon-Weiner measure

of evenness:

-H', 
IN,S

where S is the number of species (Magurran 2004). This value, which ranges between zero and

one, characterizes the relative abundances of the species. As Es increases, the relative

abundances of species become rnore similar. In addition, the slope of the rank log abundance

plot was used to Íìeasure evenness for each plot (Southwood & Henderson 2000).

The richness, diversity, and evenness lneasures were calculated for each plot. The

dchness, diversity, and evenness values for each site, distance, and distance within sites were

calculated by avetaging the values of the appropriate plots. Differences between sites and
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between distances across sites were assessed using a two-way ANOVA. Differences between

distances within sites and between sites at each distance were assessed using a one-way

ANOVA.

The beta, or cornparative, diversity of sites, distances, and distances within sites were

assessed with Jaccard's index:

sr.,
a+b+c

where a is the number of species which are present at both sites, å is the number of species found

only at site A and c is the nurnber of species found only at site B (Legendre & Legendre 1998).

This is the proportion of the total nurnber of species which occur at both sites.

Ordination The rnajor pattems of covariance alnong the herbaceous species were suÍlmanzed

with principal cornponents analysis (PCA). PCA extracts rnutually orthogonal ordination axes

such that the proportion of variance explained is maximized on each axis - that is, the first axis

maximizes linear variance (ie: summarizes the main linear trend), the second axis maximizes the

residual variation not accounted for by the first, and so on (Kenkel 2006). Where biotic

measurements are taken over a relatively short environmental gradient, PCA is an appropriate

ordination rnethod (Legendre & Legendre 1998; Kenkel 2006). A number of species occurred

ubiquitously over the present study area, suggesting that only a shofi gradient is present. In this

case, zeroes in the data matrix likely indicate rarity rather than positions on an environmental

gradient which are beyond the tolerance thresholds of species (Kenkel 2006). Ali variables (ie:
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species) were ûreasured on the same scale (percent cover'), so the covariance matrix rather than

the correlation mattix was used for the PCA as slandardization of variables was unnecessary

(Legendre & Legendre i 998; Kenkel 2006). Data were log-transfonned to improve the linearity

of the data (Kenkel2006). PC-ORD software (McCune & Mefford 2006) was used to conduct

the PCA.

Multiple discrjrninant analysis (MDA) was used to detennine if the sites and distances

varied signifìcantly from one another in terms of plant community cornposition. Where plots are

divided into predefined groups, MDA rnay be used to detennine if the rneasured variables, taken

collectively, can discriminate among the groups (Williarns i983; Legendre & Legendre 1998).

Multiple discriminant analysis is a two-step process (Legendre & Legendre 1998). First, the

variables are tested for differences among the predefined groups in a rnanner sirnilar to

rnultivariate analysis of variance (MANOVA) (Legendre & Legendre 1998). If significant

differences among the groups are found, the analysis finds the linear cornbinations of variables

which best discrirninate among the groups (Legendre & Legendre 1998). The relative

contribution, or weight, of each variable to the cornbination is also determined (Legendre &

Legendre 1998).

Williarns and Titus (1988) suggested that the number of objects per group outnumber

varjables by a ratio of at least three to one. To reduce the number of variables in a data set to

satisfu this ratio, variables rnay be surnrnarized using ordination rnethods such as PCA, with the

PCA axes which explain a substantial amount of the variation in the data then being used as the

varjables in MDA (eg: Nudds 1983; Witkowski & O'Connor 1996; Grulke &.Lee 1997 Zuk et
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al. 2001, Anderson & Willis 2003). Satisfaction of the 3: I object to variable ratio would

detennine the number of axes chosen to act as vadables. The least number of objects per group

(plots per site or plots per distance in this study) in the present study was nine (Site 4 and the 200

m and 250 rn distances). Thus, to satisfli the 3: 1 ratio of objects to variables, only three PCA

axes (PCA1, PCA2, and PCA3) were used as variables in the discriminant analyses. Multiple

discrirninant analysis based on such composite variables is also less likely to violate other

assurnptions of the analysis than an MDA based on the original observations (Nudds 1983;

Williarns 1983; Witkowski & O'Connor 1996). Each of the variables (ie: PCAl ,PCA2, and

PCA3) followed a normal distribution. Multiple discrirninant analysis was canied out using

Syn-Tax 2000 software (Podani 2001).

3.4 Results

Due to errors in plot placement and sarrpling, not all of the 94 piots sampied were

included in the analysis. Thus, the forb, grarninoid, and shrub analyses included 76,70, and 9l

plots respectively. Seventy - six plots were used for the diversity analyses, which included ail

forb and grarninoid taxa except Carex spp. and Poaceae. Seventy plots were included in the

PCA and MDA, which included all forb and grarninoid taxa.

A total of 85 herbaceous taxa were identified in the survey. The most abundant forbs

were Galiutn bot"eale L., Fragaria virginiarza Duchesene, Hvpoxis hirsuta (L.) Coville, and

I),sintachia quadriflor"a L. Apart from the dorninance of members of the Poaceae and Carex

spp., the graminoids were composed prìrnarily of Jtutctts spp. (inciuding J. baltictts Willd.),

Eleocharis spp., Agrostis s[olonifera L., Calanragroslrs spp., and Deschantpsia caespirosa (L.)
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Beauv. Of the 23 shrub taxa identified, the most abundant were PotentillafuÍicosaL. and Salix

spp. Only 10 trees were found in the entire suruey - nine trernbling aspen (Populus trentuloides

Michx.) and one Manitoba rnaple (Acer negutdo L.). See Appendix 1 for the abundance of all

herb and shrub taxa identified in the sulvey.

Percent cover. There were signif,rcant differences between sites for percent cover of shrubs and

forbs, but not grarninoids (Table 3.1). Percent cover of each growth fonn did not differ

significantly between distances across or within sites (Tables 3.1-3.4). However, there were

significant differences between sites at the same distance for forbs and shrubs but not graminoids

(Tables3.5,3.6,and3.7). Thesedifferencestendedtobegreatestforthefirstthreedistances

from the orchid bed centre. For most plots, graminoids were the dominant growth fonn, while

percent cover of forbs and shrubs was quite variable. The interaction between site and distance

in tenns of percent cover was not significant for any of the growth forms (Table 3.1).

Diversif¡t. For herbaceous species, the diversity indices varied signif,rcantly between sites,

though species richness and rarefied richness did not (Table 3.8). The Shannon rneasure of

evenness varied significantly betweens sites and the variance of the rank log abundance slopes

neared significance between sites (Table 3.8). Sites 1 and 2 were the most diverse while site 4

was the least. There were significant differences in species richness and rarified richness

between distances (Table 3.8), though the two measures did not show a sirnilar trend. The

diversity indices and evenness rleasures did not vary significantly between distances (Table 3.8).

There was a signifrcant interaction between site and distance for Shannon's evemess (Table 3.8),

which was most likely influenced by the lower species evenness in site 4, although there was no
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significant effect ofdistance alone on Shannon's evenness. Except for species richness at site 1

and Shannon's evenness at site 4,lhe diversity and evenness measures did not differ significantly

between distances within sites (Table 3.9). Species rich¡ess was lowest at the 0 m distance (ie:

in the middle of the orchid bed) at each site.

In tenns of species composition (beta-diversity), sites I and 3 were nost similar while

sites 3 and 4 were least sirrilar (Table 3. i 0). Adjacent distances tended to be somewhat more

sirnilar in terms of species cornposition than non-adjacent distances both across and within sites,

though this trend was not particularly strong (Tables 3.i I and 3.12). Of the four sites, site 1 was

the most diverse (Table 3.8). Overall, alpha diversity tended to increase with distance from

orchid bed centre (Tables 3.8 and 3.9). Composition of the plant community tended to change

with distance from orchid bed centre (Tables 3.11 and 3.12).

OrdinatÌon The fìrst three axes of the PCA based on herbaceous species explained 36.8% of the

variance in the data (16.gyo,11.60/0, and8.3o/o for axes 1,2, and 3, respectively). The first axis

had a high positive correlation with Carex spp., Juncus baltícus, and Eleocltaris spp., though the

latter two were also correlated (positively and negeatively, respectively) with the second axis

(Figure 3.3a and 3.4). Also associated with the second axis were Agrostis stolonifera and Jtutcus

spp. The third PCA axis was positively associated with a number of species, including Galiunt

bot"eale, J. baltictts, and the Poaceae (Figure 3.3b). Relatively few of the 84 herbaceous taxa

included in the analysis trended strongly with either the first or second axis. See Appendix 2 for

the scores of plots and species on the first six PCA axes.
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Multiple discriminant analysis using the first three PCA axes found a significant

difference among the sites (X2 :27.91; df : 9; P < 0.001). The first MDA axis accounted for

86.26 %o of the variation between sites; if it was reüroved, the sites did not differ significantiy (X2

: 4.37; df : 4; P : 0.358). The biplot of the plots along the f,rrst two (of three) MDA axes

(Figure 3.5) shows the plots of site four as being lelatively distinct from the plots of the other

three sites. The plot scores on the first MDA axis (MDA1) were highiy correlated with the

scores on PCA3 (r:0.947; P < 0.001).

There was not a significant difference between the distances (MDA: X2: 11.43, df : 15;

P : 0.121). The first MDA axis accounted for 77 .92 o/o of the variation between distances. The

biplot does not show plots distinctly grouped by distance (Figure 3.6).

3.5 Discussion

Hypotlrcsis I - orcltid aggr"egations in Manitoba do not dilferf'on1 one anotlter in tenns of planÍ

contntr.utily contposition or diversitl'. All four sites in the present study were dominated by

graminoid species (grasses, sedges, and rushes), but differed siginificanlty in forb and shrub

cover (Table 3.1). Most differences in percent cover by plant growth form between sites at

specific distances were not significant (Tables 3.5,3.6, and 3.7). There were significant

differences between sites for three of the six alpha diversity and evenness measures used in this

study - the Shannon-Wiener diversity and evenness measures and Sirnpson's index - and rank-

abundance slope was nearly significant, but species richness or rarefied richness did not differ

significantly (Table 3.8). Overall, the diversity rreasures suggest that site four is somewhat

distinct from the other sites, particulariy sites one and two. The mean Jaccard coefficient

40



between sites was 0.485 (i.e.: an average of 48.5 o/oofherbaceous species were shared arnong

sites), which suggests that plant community cornposition is moderately similal alrong the four

sites. There did not appear to be a strong environrnental gradient structudng the data as few

species trended strongly with either the first or second PCA axes. If there was a strong

underlying gradient, one would expect to see species and plots clustered in distinct gtoups along

the rnain axes, which was not the case in the present study. However, the data do seern to be

arranged along a weak soil rnoisture gradient as suggested by the dominance of rushes and

sedges along the first axis. A weak soil moisture gradient may aiso be present along PCA3, with

species typically found in drier aleas being positively associated with PCA3. The plots were not

clustered by site on the first two PCA axes, but discriminant analysis using the frrst three PCA

axes found site four to be distinct from the other three sites, prirnarily along the thil d PCA axis.

The taxa most associated with the third PCA axis included Galium boreale L., Jtutcus balticus,

Poaceae, Fragaria virginiana Dcne., and Agrostis sÍolonifet"a L. These taxa were all positively

associated with PCA3. The plots of site 4 tended to have lower scores on PCA3 compared to the

plots of the other sites. The four sites were broadly sirnilar in that each was dominated by

grarninoids, shared a moderate number of species, and were not distinct in terms of the rnain

trends in the plant community (i.e.: the first two PCA axes). There were, however, sofiìe

differences in diversity, evenness, and composition between sites, with site four being reiatively

distinct from sites one and two.

Each site was within two kiiometres of another site. Given the sarnpling scale of this

study (each site had a 250 rn sampling 'radius'), the broad sirnilarity of plant cornmunity

between sites is not surprising. Also, the sites were not randornly located in a tail grass prairie
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ecosystem - all sites were centred on an orchid bed aggregation, thus they all had a coÍrmon

element a pt'iori. Unless the WPFO is able to inhabit community types of very different

characler, the results obtained in this sfudy are expected. Other studies indicated that

occurrences of the WPFO are restricted to a particular community type - sedge meadows within

tall grass prairie ecosystems (US Fish & Wildlife Service 1989; Smith 1993; Wolken et a|.2001;

Anres et a|.2005). The present study suggests that while sedge meadows in TGPP may vary

somewhat in terms of plant community cornposition, they are broadly sirnilar.

Several factors likely account for most of the between-site differences in alpha diversity

and composition that were observed in this study. Natural var-iation of abiotic factors such as

soil type and drainage Íìay account for some of the cornpositional variation in the plant

community. The disturbance history of the sites may also differ, and this rnay account for

compositional differences. Prescribed burning is ernployed as a management technique at the

TGPP (C. Borkowsky person. comm.). Most parts of sites 1,2, and 3 were last bumed in 2003,

2002, and 2003 respectively, while rnost of site 4 was last burned in 1995 (C. Borkowsky person.

comrn.). While the compositional differences between site 4 and the other sites may result from

the difference in tirne since last fire, sedge meadow communities often retum to a state sirnilar to

their pre-burn composition within two years post-fire (Kost & De Steven 2000). Differences in

diversity between the sites may also be due to compositional differences at distances beyond the

sedge meadow. The sites in the present study were sampled to a distance of 250 rn fiom the

centre of the site (ie: the centle of an orchid aggregation), while none of the orchid aggregations

in the study had a radius greater than 100 m. Altematively, the differences between sites in

terms of diversity may be an artifactof the data used for the diversity analyses. The first two
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PCA axes showed the sites to be broadly sirnilar in cornposition, yet the diversity measures

indicated that the sites differed. The data used for the PCA and the diversity analyses differed in

that the PCA included the 'Poaceae' and'Carex spp.' categories while the alpha diversity

anaiyses did not.

Hypotltesis 2 - the plattt comnnmi\, does noÍ differ in contposition or diversi,t as disÍartce.fr"ortt

the orcltid aggregation increases. The plots at the six distances differed little in tenns of forb,

graminoid, and shrub cover (Tables 3.1 - 3.4). Between distance alpha diversity was very similar

both across and within sites (Tables 3.8 and 3.9). The mean Jaccard coeff,rcient between

distances across sites was 0.544, or on average, 54.4 % of species \Ãi ere held in common by the

plots at different distances. The percent of species heid in corìlnon tended to decrease with

distance between plots but did not do so consistently (Tables 3.11 and 3.12). The plots were not

distinctly clustered by distance using PCA and no significant differences were found between

distances using MDA.

These results suggest that while the plant community may vary from plot to plot within

250 m of the centre of an orchid aggregation, this variation is not necessarily related to their

proximity to the centre of an orchid aggregation. Quadrats were randomly placed within 20 m

long plots which were centred at 50 rn intervals along the transects. Thus, there was only 30 rn

between consecutive plots along a transect. Rarefaction curves (Figure 3.7) and obsen ations

from the field suggest that such a design was appropriate given the spatial anangement of plant

communities at these sites in the TGPP; in other words, the plant cornmunity at a given site was

adequateiy sampled to obtain a reasonable chalacterization of that plant community.
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The interaction between site and distance for Shannon's evenness was no ionger significant if

site four was removed from the analysis (SS :0.010; df : 10; F: 1.715 P:0.108) but

remained significant or nearly so if any of the other sites were relrìoved (Site I removed: P:

0.004; Site 2 removed: P: 0.053; Site 3 removed: P:0.047). The removal of each distance in

turn did not result in values of P > 0.1. These results suggest that the significant interaction was

primarily due to differences between site 4 and the other three sites.

General discttssion. While the cornposition of the sedge meadows examined in the present study

is broadly sirnilar to that of sedge meadows in other regions of the tall grass prairie biome (Kost

& De Steven 2000), including those which host the WPFO (Wolken et a|.2001), there are also

considerable differences. Both this study in Manitoba and that of Wolken et al. (2001) in North

Dakota found that the plant community associated with the WPFO included considerable

arrounts of sedges, Calamagroslis spp., andJuncus baltictts. Beyond these species, however,

considerable differences were identified in tenns of grarninoid species cornposition. Eleocltaris

spp., Agrostis slolonifera, and Descltantpsia caespitosd were some of the rnost abundant

graminoids in the present study, while these species were not listed by Wolken et al. (2001) as

being alrong the major species found growing in association with the WPFO in North Dakota.

In North Dakota, Poa pr"aîensis was found to be the rnost abundant graminoid. Of the rnost

abundant forbs found in the present study (Galimn boreale, Fragaria t¡irginiana, Hltpoxis

ltirsuta, and L¡tsinxsclùa quadr"iflot"a), only f'. virginiana was noted as being abundant by

Wolken et al. (2001). The WPFO populations of both Manitoba and North Dakota were found to

grow in association with willows. The shrub community associated with the Manitoban
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population of the WPFO also included considerable amounts of Potentilla.fittticosa though this

species was not found growing in association with the WPFO in North Dakota.

The highest forb cover in a plot in Manitoba was 12.5o/o, while the average forb cover in

North Dakota was 41.4% (Wolken et a|.2001). The average graminoid and shrub cover values

in Norlh Dakota (65.8% and 14.2o/o respectively) (Wolken et a|.2001) wele both within the

range of graminoid and shrub cover values in Manitoba.

Overall, the piant community associated with the Manitoba population of the WPFO is

broadly sirnilar to the community associated with the North Dakota population, but there are

considerable differences, as noted above. The broad similarity of the habitats is to be expected

as both areas are part of the tall grass prairie biome and are separated by only approximateiy 300

kilometres. Local differences in environmental factors such as soil type and drainage rnay

account for some of the differences in plant community cornposition. In the present study,

casual observations of standing water depth in orchid habitat in early July during the WPFO

bloom period ranged from several centimetres in 2005 to no standing water in 2006. While dry

orchid-supporting swales in North Dakota are reported by Wolken et al. (2001), the mean depth

of standing water in orchid-supporling swales in North Dakota in July 1993 was over 28 cm. In

addition, historical use and management practices may affect the current community cornposition

of the two habitats. Differences in expedmental design may also account for some of the

differences in results. The present study sampled vegetation at a much broader scale than did the

study by Wolken er al. (2001).
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This study rnay provide several insights for managers of the WPFO and its habitat in

Manitoba. The WPFO aggregations tend to occur in a relatively restricted range of community

types. This has irnplications for both locating previously unknown WPFO aggregations and

introducing the WPFO into new areas. Areas which managers suspect may support the WPFO

are likely to be sirnilar in tenns of plant community cornposition to the known orchid-supporting

swales at the scale of this study (i.e.: a 250 rn radius). Also, rnanagers should not assume that

because the WPFO occurs in association with ceftain species in one region (e.g., Norlh Dakota)

it would also occur in association with those species in another region (e.g., Manitoba). While

the vegetation associated with the WPFO may be bloadly sirnilar between regions, the parlicular

species cornposition of the plant communities rnay be considerably different. For example,

Wolken et al. (2001) suggested that hedge-nettle (Stachys palustris L.) is characteristic of swales

supporting the WPFO in North Dakota. In the present study, S. pal.ustris was not found at any of

the four sites. That the WPFO grows in association with different species in different regions

should provide sufficient reason for cautious application of conclusions of studies regarding the

community ecology of the WPFO at a given location to WPFO populations in other regions.
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Table 3.1. Two-way ANOVA table cornparing percent cover
(mean + SE) by plant growth fonn between four sites and six
distances frorn orchid bed centre.l

Source of
Variation

Percent Cover
Forbs Graminoids Shrubs

Site 79.1 ! 4.6
86.0 t 6.2
83.2 x 4.9
74.7 ! 7 .1

0.054
¿)
J

0.906
0.446

93.9 t 5.1

82.7 t 4.8
81.0 ! 4.7
77.6!7.5
64.9 !7.4
87.0 r 9.5

0.229
5

2.298
0.060

0.275
15

0.921
0.548

0.916
46

Distance

Site
X

Distance

Error

Total

1

2
2

4

SS2

df
F

P

0m
50m
100 m
'150 m

200 m

250 m

SS2

df
F

P

SS2

df
F

P

SS2

df

7.4 t 1.5ab
12.5 ! 2.1b

1 1.8 t 2.0ab
8.9 t 2.5a

0.824
J

3.625
0.01 I

7.0 ! 1.3

8.5 r '1.4

9.8 r 1.9

13.4 ! 3.1

13.7 ! 3.3
8.9 t 3.3

0.682
Ã

1.800
0.129

0.953
15

0.839
0.632

? o?o

52

24.2!2.4c
10.8 r '1 .5b

7.0 t 1.4ab
4.1 x 1.6a

10.977
J

24.081
<0.001

7.0 t 1.7
11.9 t 3.2
12.5 r 3.5
10.7 !2.6
16.7 !3.2
10.4 ! 2.8

1.043
5

1.373
0.246

1.728
'15

0.758
0.717

1 0.1 80
67

ss2 74.605
df 76

253.150 90.873
70 91

'Means in columns followed by different letters are
significantly different at P = 0.05 (Tukey's HSD),
2Type lllsum of squares.
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Table 3.2. Cornparison of percent forb cover (rnean + SE) between six distances fiom orchid bed centre at
four sites.l

Distance (m)
Site

20050 100 150

1

2
2

4

Á7L^E

'13.5 t 5.0

8.6 !2.2
3.5 f 1.1

7.6 ! 1.2

14.6 x 4.4

8.6 ! 1.2

,1.3 t t.z

15.4 ! 9.7

9.7 x2.4
13.9 ! 5.2

16.9 r 13.4

3.0 r 0.8

16.8 r 11.3

7.3 t 1.1

8.2 ! 8.2

6.1 r 2.0 8.7 !2.3
12.7 ! 2.6 7.8 r 0.5

9.2!2.4 22.5 !8.7
12.5 ! 8.2 12.8 r 0.8

F 5,16 = 1.344 0.296

F5,,. = 0.346 0.874

Fr..,u = 1.653 0.203

F 5.s = 0.728 0.620

'Distances compared using ANOVA.

Table 3.3. Cornparison of percent graminoid cover (mean + SE) between six distances frorn orchid bed
centre at four sites.l

Site
Distance (m)

100 150 25050

1

2

4

93.2!11.8 81.1 É 3.3
'109.0 t 2.5 96.9 r '10.6

89.1 t 9.7 73.1!9.4
89.7 !3.7 84.2!18.8

70.8 1 9.0 78.8 ! 17.3

92.2!9.7 92.1!7.1
82.7 !6.9 68.0 t 14.5

81 .6 t '15.9 67 32

64.7 ! 15.3

56.8 r 5.3

81 .8 t 16.3

39.22

83.9 ! 7.7

76.9 ! 27 .0

110.9 !7.2
55.02

Fr.16 = 0.704 0.629

F5,11 = 1.607 0.238
F5,16 = '1 .673 0.'198

F2.3 = 0.083 0.922

'Distances compared using ANOVA
2only one value available, therefore mean and SE were not calculated

Table 3.4. Comparison of percent shrub cover (mean + SE) between six distances from orchid bed centre at
four sites.l

Distance (m)
Site

1

2

J

4

14.2!3.0 27.2t6.1 32.9r5.0 22.3+6.2 29.6r5.8 19.2x7.7
5.912.3 6.3!2.4 11.1!2.8 9.9r3.2 19.2t4.8 12.5!4.1
7 .9 ! 2.6 7 .4 x 2.6 4.9 r 3.3 5.4 r 2.7 13.2 x 5.1 2.0 ! 1.5

0.0r0.0 6.9r6.9 1.2!0.9 5.2!4.1 4.9t4.2 7.1t5.6

Fr,.6 = 1.548 0.231

F 5..s = 2.048 0.120

Fr,¡ = 1.255 0.328

F5,16 = 0.488 0.291
tDlstances compared using ANOVA.
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Table 3.5. Corr-rparison of percent forb cover (rnean + SE) between four sites at six distances fi'om orchid bed
centre. I

Distance (m)
Site

0 4.7 t 0.5ab 13.5 r 5.0b 8.6 t 2.2ab 3.5 r 1 .1a F3,e = 3.901 0.049

50 7 .6 t 1.Zab 14.6 ! 4.4b 8.6 ! 1.2ab 3.5 x 1.2a F3,.'6 = 3.886 0.044

6.1 !2.0 12.7 !2.6 9.2!2.4 12.5 ! 8.2 F3,1e = 0.607 0.625

8.7 ! 2.3 7.8 r 0.5 22.5 ! 8.7 12.8 t 0.8 F3,e = 'l .553 0.267

100

150

200 15.4 !9.7 9.7 !2.4 13.9 t5.2 16.91 '13.4 F3,7 = 0.159 0.921

250 3.0r0.8 16.8t1'1.3 7.3!1.1 8.2 ! 8.2 F3,7 = 0.770 0.546

t
P = 0.05 (Tukey's HSD).

Table 3.6. Comparison of percent graminoid cover (rnean + SE) between four sites at six distances fi'om
orchid brd """ttJ

Distance (m)
Site

P

0

50

100

150

200

250

93.2 t 1 1.8 109.0 t 2.5 89.1 t 9.7 89.7 ! 3.7 F3,s = 0.546 0.665

81.1 t 3.3 96.9 t 10.6 73.1t9.4 84.2t18.8 Fsp= 1.154 0.380

70.8 t 9.0 92.2!9.7 82.7 !6.9 81.6 r 15.9 F3.e = 0.924 0.468

78.8 x 17.3 921 !7.1 68.1 r 14.5 67 32

64.7 t 15.3 56.8 r 5.3 81 .8 I 16.3 39.22

83.9t7.7 76.9t27.0 110.9!7.2 SS.02

F2,s = 0.615 0.564

F2,6 = 0.930 0.445
F26= 1.151 0.328

tsites compared using ANOVA. Means in rows fotlowed by different letters are significantly different at
P = 0.05 (Tukey's HSD).
2only one value available, therefore mean and SE were not calculated.

Table 3.7. Comparison of percent shr-ub cover (mean + SE) between four sites at six distances ffom orchid
bed centre.l

Distance (m)
Site

0

50

100

150

200

250

14.2 ! 3.0b' 5.9 t 2.3ab 7.9 t 2.6ab 0.0 t 0.0a F3x2= 6.434 0.008

27 .2 t 6.1b 6.3 t 2.4a 7 .4 t 2.6ab 6.9 t 6.9ab F3,.12 = 4.250 0.029

32.9 r 5.0b 11.1 t2.8a 4.9 t 3.3a 1.2!0.9a Fz,tz= 17.988 <0.001

22.3 t 6.2 9.9 t 3.2 5.4 x2.7 5.2 t 4.1 F3,12= 3.481 0.050

29.6 t 5.8 19.2 ! 4.8 13.2 t 5.1 4.9 ! 4.2 F3,16 = 3.683 0.05'1

19.2 tT.T 12.s t 4.1 2.0 x i.s 7.1 ! s.6 F3,e = 1.939 0j94
'Sites compared using ANOVA. Means in rows followed by different letters are significantly different at
P = 0.05 (Tukey's HSD).
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Table 3.8. Two-way ANOVA table cornparing of herbaceous species diversity (rnean + SE) between
four sites and six distances from orchid bed centre.l

Diversity Measure2Source of
Variation SR RR c EH Slope

1

2
J

4

SS3

df
F

P

Distance 0 m
50m
100 m
150 m
200 m
250 m

S53
df
F

P

Site SS3

xdf
Distance F

P

SS3

df

13.2 ! 0.6
12.2 t 0.B

13.8 t 0.8
11.3 ! 1.2

0.068
J

1.578
0.206

10.2 t 0.5a
13.8 t 0.9ab
12.8 t 0.9ab
13.2 t 0.9ab
14.9 ! 1.2b

'1 '1.8 t 1.Sab

0.1 80
5

2.493
0.043

0.117
15

0.538
0.907

0.752
52

7.8!0.1
7.5 ! 0.2
7.8!0.2
7.5 r 0.3

0.005
3

0.905
0.445

8.3 t 0.2b
7.8 ! 0.2ab
7.7 t 0.1ab
7.5 t 0.2ab
7.8 x 0.Zab
7.0 t 0.4a

0.033
5

a a7tJ.J I J

0.010

0.012
15

0.404
0.972

0.100
52

66.911
76

2.11 ! 0.07b
2.00 r 0.06b
1.97 r 0.08b
1 .68 t 0.13a

0.032
.>

3.557
0.020

1 .85 r 0.10
2.07 ! 0.07
1 .87 r 0.13
2.01 r 0.09
2.05 t 0.07
1.92 ! 0.15

0.021
5

1.376
0.249

0.058
'15

1.286
0.245

0.155
52

16.889
76

0.83 r 0.02b
0.81 r 0.02b
0.76 t 0.02ab
0.71 t 0.03a

0.006
J

3.430
0.024

0.79 t 0.03
0.80 r 0.01

0.74 t0.04
0.79 r 0.03
0.77 r 0.03
0.80 t 0.03

0.004
5

1.369
0.251

0.01 3
tc

1.444
0.163

0.030
52

4.854
76

0.82 t 0.02b
0.81 r 0.01b

0.79 t 0.02ab
0.71 t 0.04a

0.007
3

3.994
0.012

0.77 r 0.03
0.81 r 0.02
0.75 r 0.04
0.81 r 0.02
0.81 r 0.07
0.79 r 0.03

0.003
EJ

1.047
0.401

0.019
15

2.245
0.016

0.030
52

4.807
76

-0.10 r 0.01
-0.12 ! 0.01
-0.12 ! 0.07
-0.16 t 0.02

0.007
J

2.460
0.073

-0.'12 r 0.01
-0.11 r 0.0'l
-0.'12 r 0.01
-0.1310.02
-0.'11 I 0.01
-0.16 r 0.03

0.008
5

1.653
0.1 63

0.010
lc

0.715
0.758

0.051
52

0.337
76

Site

Error

Total SS3 96.984
df 76

tMeans in columns followed by different letters are significantly different aI P = 0.05 (Tukey's HSD).
2SR 

= species richness; RR = rarefied richness; H' = shannon index; C = Simpson index;
E¡ = shannon evenness; Slope = slope of rank log abundance plot
3Type lll sum of squares.
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Tabie 3.9. Comparison of herbaceous species diversity (rnean + SE) between six distances fiom orchid bed
centre at four sites.l

Diversity Dìstance (m)

lrrleasu re 
2

SR

RR

H'
EÈts

(.

SIope

SR

RR

H'

EH

c
SIope

SR

RR

H'

Ets

Slope

10.7 t 0.6ab 15.5 t 1.3ab 12.7 ! 1.3ab 13.0 i 1.3ab 16.7 ! 1.7b 10.7 !1.4a F5 16 = 3.318 0.030

8.6 10.4 7.9!0.1 7.6 10-3 7.6!0.2 8.0!0.1 7.1 10.5 Ft.ru=2.740 0.057

0.88 10.02 0.82!0.03 0.80 10.10 0.86!0.03 0.80!0.01 0.78 10.06 Fs16=0.512 0_763

0.84 ! 0.42 0.84 10,02 0.78 t 0.10 0.85 1 0.02 0.85 ! 0.02 0.77 r 0.05 F5.,6 = 0.406 0.838

'0.092 10.010 -0.090i 0.007 -0.102x0.022 -0,091 Ì 0.006 -0.097 10.005 -0.145 10.041 Fs.r6= 1.186 0.359

10.0 r'1.0
7.9 r 0.2

1.63 i 0.23

0.71 ! 0.07

0.71 ! O.O7

-0.154 ! 0.014

11 .2 ! 1.0

8.6 r 0.2

2.08 ! 0_07

0.86 I 0.02

0.84 I 0.02

-0.098 r 0.007

13.7 x 2.2 12.0 ! 1.5

7.6 ! 0.5 7.5 t 0.1

1.93 r 0.05 2.00 r 0.04

0.75 r 0.04 0.82 r 0.05

0.76 r 0.03 0.81 r 0.02

-0.1 14 ! 0.025 -0. 1 12 t 0.007

15.5 t 1.7 15.2 ! 2.3

8.'1 1 0.4 7.8 ! 0.2

2.26 t 0.12 2.01 r 0.18

0.83 r 0.03 0.75 I 0.07

0.84 t 0,02 0.79 i 0.05

-0.0801 0.011 -0.115 10.017

13.0 1 2.6

7.3 r 0.6

2.08 t 0.20

0.82 1 0.02

0.83 I 0.03

-0.131 l 0.046

13.0 ! 2.0

7.4 ! 0.4

1.72 ! 0.17

0.68 r 0.02

0.74 t 0.04

-0.167 ! 0.044

11.7 x 2.3

7.4!0.4
2.09 t 0.14

0.87 r 0.02

0.84 I 0.02

-0.115 1 0.007

15.7 ! 2.3

7.7 ! 0.3

1.93 I 0.18

0.71 I 0.07

0.75 r 0,06

-0.106 ! 0.015

12.3 ! 2.8

7.1 ! 0.2

2.15 ! 0.14

0.87 ! 0.02

0.86 i 0.01

-0.117 ! 0.022

12.3 t 3.2

7.1 ! 0.7

1.76 t 0.36

0.71 t 0.10

0.75 I 0.09

-0.183 l 0.077

Fsr¡ = 0.250 0.931

F5r1 = 0-265 0_923

Fstt= 1.420 0.291

F5,r1 = 3.194 0.050

F5,r, = 2.962 0.062

Fs,r1 = 0.326 0.887

F5,,6 = 0.825 0.550

F5,16= 2.042 0.127

Fr,,u = 1.269 0.325

F5,,u = 1.888 0.'153

F5,,6= 0.922 0.492

Fs,16 = 1.426 0.268

sR 8.3J0.3 9.7r0.3 10.3r1.8 14.5!1.5 16.0 14.0 12.0t8.0 F5.e=0.992 0.473
RR 7.7!0.1 7.5!0.2 7.810.3 7.8!0.4 8,0 10.7 6.3r2.3 Fs.s=0.496 0.773

H' 1.35r0.17 1.74 10.06 1.30 10.19 2.14x0.35 1.93r0.19 1.92!0.76 Fs.s=1.349 0.327

EH 0.64 r 0.07ab 0.77 !0.02ab 0.56 t 0.06a 0.80 I 0.10ab 0.70 J 0.00ab 0.87 J 0.30b F5,e = 3.830 0.039

c 0.61 t 0-07 0.76 r 0.03 0,58 t 0,10 0.82 r 0.07 0.78 t 0.04 0.79 x0.12 Fss = 1.764 0.216
Slope -0.180 t 0.021 -0.155 t 0.017 -0.177 !0.029 -0.104 r 0.031 -0.108 t 0.026 -0.217 !0.165 Fss = 0.549 0.736

'Distances compared using ANOVA, Ìvleans in rows followed by different letters are significantly different at P = 0.05 (Tukey's HSD).
25R=speciesrichness; RR=rarefìedrichness; H'=Shannon-W¡enerd¡versity; En=Shannon-Wienerevenness; C=Sjmpsondiversity;
Slope = slope of rank log abundance
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Table 3.10. Herbaceous species beta-diversity
(Jaccard's index) between four sites.

Site
1234

2 0.492 1

3 0.515 0.486 1

4 0.468 0.508 0.441 1

Table 3.1 1. Herbaceous species beta-diversity (Jaccard's index) between
six distances from orchid bed centre.

Distance (m)
Distance (m)

0 50 100 150 200 250
01
50 0.580 I
100 0.604 0.509 1

150 0.500 0.548 0.621 1

200 0.460 0.485 0.571 0.627 1

250 0.436 0.443 0.593 0.600 0.578 1

52



Table 3.12. Herbaceous species beta-diversity (Jaccard's index) between six
distances fi'orn orchid bed centle at four sites.

Site 1

Distance (m)
Distance (m)

0 50 100 150 200 250
01
50 0.531 1

100 0.567 0.647 1

150 0.419 0.606 0.645 1

200 0.459 0.500 0.488 0.450 1

250 0.500 0.452 0.536 0.538 0.389 I
Site 2

Distance (m)
Distance (m)

0 50 100 150 200 250
01
50 0.440 1

100 0.500 0.429 I
150 0.321 0.343 0.519 1

200 0.423 0.343 0.519 0.548 1

250 0.3'13 0.405 0.394 0.432 0.559 1

Site 3

Distance (m) Distance (m)
0 50 100 150 200 250

01
50 0.459 1

1 00 0.545 0.5'1 3 1

150 0.450 0.500 0.537 1

200 0.400 0.422 0.419 0.478 1

250 0.485 0.462 0.636 0.605 0.439 I
Site 4

Distance (m)
Distance (m)

0 50 100 150 200 250
01
50 0.667 1

'1 00 0.333 0 .417 I
150 0.458 0.480 0.500 I
200 0.300 0.367 0.483 0.394 1

250 0.259 0.286 0.407 0.414 0.452 1
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Figure 3.1. Map of site locations in the TGPP.
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Figure 3.2. Design for vegetation sarnpling.
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Figure 3.3. PCA biplots of plots by herbaceous species, with plots coded by site, showing PCAI vs. PCA2
(Fig. 3.3a) and PCA1 vs. PCA3 (Fig. 3.3b). Only those species with a weight of 0.12 or more on the
displayed axes are labeled. Species codes: AgrSto : Agrostis stolonifera L.; AndGer: Andt'opogon get^at"di

Vitrnan; CalSpp : Calatnagr"ostis spp.; CarSpp : Carex spp.;DesCae: Descltantpsia caespilosa (1.) Beauv.;
EleSpp : Eleocltat"is spp.; EquArv : Equisetunl arvense L.; FraVir : Fragaria vit"giniana Dcne.; GalBor:
Galiwn boreale L.; JunBal : Junctts baltictts Willd.; JunSpp : Jrutctts spp.; LysQua: L)tsintacltia
quadt"ifolia L.; MelAlb : Melilofus alba Medic.; PoaSpp : Poa spp.; ZizAur : Zizia aurea (L.) Koch.
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Figure 3.4. PCA biplot of plots by herbceous species, with plots coded by distance frorn orchid bed centre.
Only those species with a weight of 0.12 or ûrore on the displayed axes are labeled. See Figure 3.3 for
species codes.
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Figure 3.5. Discriminant analysis biplot with plots coded by site. The first three axes of Principal
Components Analysis, based on herbaceous species, were used as variables.
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Figure 3.6. Discriminant analysis biplot with plots coded by distance from orchid bed centre. The first three
axes frorn Principal Components Analysis, based on herbaceous species, were used as variables.
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Figure 3.T.Herbaceous species rarefaction curves of four orchid sites in the TGPP with bars showing mean
variance at each level of observation. The dashed line represents the point at which rarefied richness values
were calculated for this study (the least number of obser-vations at a site, n:274 at site 4).
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4. SPHINÌX MOTTI VISITATION TO THE ENDANGERED WESTERN PRAIRIE
FRINGED ORCHID (PLATANTHERA PR.AECLAIRI) IN MANITOBA.

4.1 Abstract

Pollen limitation occurs in a number of flowering plant species and may be due to one or

mole factors. Pollen limitation inhibits seed production and thus recruitment of new individuals.

For endangered plant species, pollen limitation may be especially problematic. This study

examined several factors which rnay influence its severity by way of pollinator visitation, in the

western prairie fringed orchid (Platanthet"a praeclara Sheviak & Bowles) in Manitoba. In

Manitoba, P. praeclatz is pollinated by several species of nectar-feeding sphinx moths

(Lepidoptera: Sphingidae). Pollinator (i.e.: sphinx moth) visitation rates, as indicated by seed

capsule production, the presence of moth scales in orchid flowers, and removal of pollinaria,

varied considerably between sites and between years. The abundance of nectar sources and

larval host plants of the pollinators was not related to visitation rates. The visibility and

proxirnity of anthropogenic light sources to orchids did not affect rates of pollinator visitation. A

relationship between sphinx rnoth activity at the TGPP and weather conditions was not found.

Pollen limitation of the orchid in Manitobantay often be the result of a persistant regional

scarcity of pollinators.

4.2lntroduction

To effectively protect and manage an endangered plant species and its habitat, lnanagers

must have an understanding of the biology and ecology of the species and its habitat. This

understanding should include knowledge of its population dynarnics and how these dynamics are

related to various ecosystem processes (Schernske eÍ al. 1994). Key components of plant

population dynamics include the rates of reproduction and rnortality (Schemske er al. 1994). If a
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population is to continue to exist, the rate of reproduction in that population must be at least

equal to its rnortality rate (Moore et al. 7998). In this context, understanding the reproductive

biology and ecology of an endangered plant species, including it's pollination ecology, is critical

if managers are to implernent strategies which sustain or enhance the population of the species.

The western prairie fringed orchid (WPFO) (Platantltet"a praeclara Sheviak & Bowles)

(Orchidaceae) is a perennial herb (US Fish & Wiidlife Sen¡ice 1989). The WPFO is found in tall

grass prairie habitats in the midwestern United States (lowa, Kansas, Minnesota, Missouri,

Nebraska, North Dakota, and Oklahoma (lJS Fish & Wildlife Service 2006)), and southern

Manitoba in Canada (Catling & Brownel|1987). It is classifìed as endangered or threatened in

Canada and the United States (Collicutt 1993; US Fish & Wildlife Service 1989) and has been

placed on the world list of endangered species (NatureServe2006). The largest population, and

only known Canadian population of this orchid occurs in and adjacent to the 2200haTall Grass

Prairie Preserve (TGPP) in southeastem Manitoba (Westwood & Borkowsky 2004). The rarity

of the WPFO is often attributed to the conversion of its habitat to agricultural use (Sheviak &

Bowles 1986; US Fish & Wildlife Ser-vice 1989; Srnith 1993;Hof et al. 1999). The WPFO is

usually found in rnesic to wet calcareous prairie swales (Sheviak & Bowles 1986; Srnith 1993;

Wolken et a\.2001).

P. pt"aeclara reproduces only by seed (Bowles 1983; Sieg & King 1995;Hof et al. 1999),

thus pollination is a critical step in its life history. Artifical selÊ and cross-pollination resulted in

similar levels of fiuit production (Pleasants & Moe 1993) but the positioning of the pollinaria

relative to the stigna make it unlikeiy that self-pollination would occulcomrnonly in nature.
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The WPFO is pollen limited, that is, a flowering WPFO faiis to produce as many fruits as it has

flowers because it lacks the pollen with which to fertilize or.ules and stimulate fiuit production

(Janzen et al. 7980; Willson 1983; Caivo 1990; Bertness & Shumway 1992; Westwood &

Borkowsky 2004; Darrault & Schiindwein 2005; Borkowsky 2006). In Manitoba, the W?FO is

pollinated by two nectar-feeding sphinx rnoth (Sphingidae) species - Sphinx drttpifèratzun J.E.

Smith and H)¡les gallii (Rottenburg) (Westwood & Borkowsky 2004).

Westwood & Borkowsky (200Q suggested several factors which may reduce the

effectiveness of pollinators for the WPFO. These include competition for pollinator seruices by

other nectar producing plants, a local lack of host plants for pollinator larvae near the orchids, or

the distraction of pollinators by anthropogenic light sources (e.g., yard lights) in the area around

the orchids. In addition, adverse weather conditions rnay negatively affect the pollinating

activity of sphinx moths (Eisikowitch & Galil 1 97 I ; Crud en 1973; Cruden et al . 797 6; del Rio &

Búrquez 1986).

Competition. Co-occurring plant species which bloorn concurrently and are pollinated by the

same species may compete for the pollinating services of that species. This may result in

reduced reproductive output by one or more plant species (Rathcke 1983). Pollen limitation by

competition has been suggested for P. praeclara in Manitoba (Westwood & Borkowsky 200a)

and aiso for P. olcuboi Makino in Japan (Inoue 1985).

Latt al hosts. Egg-laying fernale moths rnay spend much of their time in areas in which the larval

host plant is abundant (Douwes 1968; Tuskes et al. 1996). Areas with both adult and lar-val
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resources are likely to have both rrore aduits and inore larvae present than those areas which

have resources necessary for only one of the two life stages (Murphy eÍ ctl. 1984; Grossmueller

& Lederhouse 1987; Karban 1997; Brommer & Fred i 999). h. is reasonable to expect that nectar

plants growing near the larval host plants of their pollinators wiil experience higher visitation

rates compared to nectar plants growing farther from host plants since habitat requirernents are

satisfied for both adults and larvae (Janzen 1986; Niisson et al. 1992b). The lar-vae of S.

dt"upiferarutn feed on cherries and plums (Prunus spp.), apple (Malus spp.), lilac (Sw"ingia spp.)

and hackberry (Celtis occidentalis L.) (Hodges 1971 ; Morris 1980). Of these, only Prunu.s spp.

are known to occur in the TGPP (Critical Wildlife Habitat Program 1999). Larvae of Hfles

gallii feed prirnarily on Galirun spp. (bedstraw) and Epilobium spp. (frreweed and willow herb)

which are found in the TGPP (Critical Wildlife Habitat Prograrn 1999), though a number of

minor host plants have been identified (Hodges 1971 ; Morris 1980; Pittaway 1997 -2006) which

do not occur in the TGPP (Critical Wildlife Habitat Program 1999). Eggs are typicaily laid on or

near iarval host plants (Pittaway 1997 -2006).

Light sources. Many species of noctumal moths are attracted to anthropogenic light sources (e.g.,

Janzen 1986) and lights are frequently used to attract and collect nocturnal moths, including

sphinx moths, for research pulposes (McGeachie 1989; Butler et al. 1999; Southwood &

Henderson 2000; Salvatore & Janzen 2005). No study was found which specifically examined

the effects ofanthropogenic light sources such as rural yard lights on the foraging behaviour of

rroths. However, foraging sphinx moths may be disturbed by light sources (Brown 1976) and

many noctumal rnoths attracted to light sources will spend considerable tirne flying or resting

near lights (Robinson & Robinson 1950; Janzen 1986; Frank 1988). If nocturnal rnoth species
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which act as pollinators spend considerable amounts of time near lights, they presurnably spend

less time foraging for nectar and effecting pollination.

Meteorological condiditons. The activity of adult Lepidoptera may be constrained by

meteorological conditions, particularly ternperature and wind speed (Eisikowitch & Galil 1971 ;

Haldu'ick 1972; Cruden et al. 197 6; McGeachie 1989; Holyoak et al. 19971, Butler et al. 1999;

Bailey & Horn 2007). Adult Lepidoptera are active within a range of ambient ternperatures,

above or below which activity ceases (Daly et al. 1978). For nectar-seeking sphinx moths, there

is a positive relationship between arnbient temperature within this lange and the number of floral

visits (Cruden 1973; Cruden et al.1976, del Rio & Búrquez 1986). In moderate to high winds,

rnoth activity decreases dramatically (Douwes 1968; Eisikowitch & Galil 197i;Willmott &

Búrquez 1996). This rnay be due to the presumably high energetic costs associated with flight in

such conditions or because it is too diffrcult for a rnoth to maintain proper positioning in front of

the flower while hovering (Eisikowitch & Galil 1971).

The objective of this study was to detennine if these spatial and temporal factors

contdbute to the pollen limitation of the WPFO in Manitoba using the following null hypotheses:

1) the abundance and distribution of altemate nectar sources near orchid

aggregations does not affect pollinator visitation rates to the WPFO;

2) the abundance and distribution of hosts for pollinator larvae near orchid

aggregations does not affect pollinator visitation rates to the WPFO;

3) the abundance, distribution, and type of anthropogenic light sources visible
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frorn orchid aggregations does not affect pollinator visitation rates to the WPFO;

and

4) meteorological conditions do not affect pollinator visitation rates to the WPFO.

4.3 Materials and Methods

4. 3. I Expet"intental desigrt

Field sampling for this study was carried out in 2005 and 2006 in the Tallgrass Prairie

Preserve (TGPP) in southeastem Manitoba (49"09'N, 96o40'W). The clirnate is boreal

continental with mean temperatures of -17.1"C and 19.8"C for January and July, respectively

(Environment Canada 2004). The area has 382.4 mm of precipitation (86.7% of the annual

precipitation) falling during the rnonths of April through September (Environment Canada 2004).

Drainage in the area is poor with soii cornposed of lacustrine parent material, sandy loam to clay

loam upper horizons and a thin organic surface layer (Canada Soil Inventory 1989).

Moth visÌtation rate. Four areas within the Tallgrass Praide Preserve (TGPP) with high densities

of the WPFO (orchid beds) were selected to act as sites (sites one, two, three, and four) in 2005

(Figure 4.1). These sites were also used in2006, except for site three. Very few orchids grew at

site ttu'ee in 2006 so a replacement site (3a) was established. Sites were separated by at least 800

rn. The approxirnate radii of the sites were: site I - 80 rn; site 2 - 40 rn; site 3 - 40 rn; site 3a -

50 rn; site 4 - 35 rn.

As direct observation of the crepuscular and nocturnal poiiinators of the WPFO is

difficult due to their swift flight and the poor light conditions during their periods of activity

(Sheviak & Bowles 1986; Pleasants & Moe 1993), three proxy measures were used to detennine
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visjtation rates. In 2005, the number of orchid flowers with rnoth scales and/or hairs present was

used as a proxy rneasure of sphinx moth visitation (Cruden 1970; Cruden et al. 1976 Pafl er al.

1989). The bodies of adult moths are covered with hairs and scales with the exception of their

eyes and rnouthparts (Daly et al.1978). When a sphinx moth visits a flo\4,er, hairs and scales

may adhere to the flower and remain there after it has left (Cruden 1970; Cruden eÍ al. 1976;Patt

et al.1989). In 2006, removal of pollinarìa \¡/as used as a proxy Íleasure of sphinx moth

visitation (Montalvo & Ackerman 1987; Maad 2000; Murren 2002; Maad & Alexandersson

2004). A WPFO pollinariurn is composed of three structures - the pollinium (the pollen mass),

the caudicle, and the viscidiurn (Sheviak & Bowles 1986; Pleasants & Moe 1993; Johnson &

Edwards 2000; Pacini & Hesse 2002). Each WFPO flower has two pollinaria (Sheviak &

Bowles 1986). The rnechanisni of pollen removal from a WPFO flower by sphinx moths

involves the adherence of the viscidium to the eye of the sphinx rnoth (Sheviak & Bowles 1986;

Cuthrell i994; Westwood & Borkowsky 200$. The entire pollinariurn is removed frorn the

flower when the moth leaves (Sheviak & Bowles 1986; Westwood & Borkowsky 200a). In both

2005 and 2006 the number of seed capsules produced by the orchìds was also used as a proxy

lneasure of sphinx rnoth visitation (Cole & Finnage 1984; Patt et a|.7989; Maad 2000 Lipow et

al.2002).

A flagged stake was placed beside each flowering orchid in both study years and at each

site. In 2005, the number of WPFO flowers (including buds) at each site were counted twice

(three tirnes at site 1) during the WPFO bloorn period (late June through early July). Each open

flower was examined for the presence of rnoth scales/hairs with a hand lens during each census.

A cotton swab was used to collect the moth scales if they appeared to be present. Swabs were
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examined in the laboratory to confirm the presence of rnoth scales. lf during a census a

reproductive orchid was identified which had not been previousiy rnarked, it was staked and its

flowers included in the census. The seed capsuies produced at each site were counted on 72

August 2005. In 2006, each orchid at the sites was staked and assigned a unique number. A

census of the buds, flowers, and senesced flowers was conducted between 1800 h and 2200h

five tirnes during the bloom period (only four tirnes for site 4). The number of pollinaria in the

flowers on each olchid was counted during each census. The number of pollinaria in the flowers

on each orchid was counted again between 800 h and 1100 h of the morning following each

census. The dates of the evening censuses were27 and 28 June and 4,5, and 6 July. The seed

capsules produced by each orchid at each site were counted on26 July, 2006.

Nectar sources and løt'val ltosts. For each site in 2005, four 250 m transects were established,

one in each of the four cardinal compass directions, originating from the approximate centre

point of the site. At 50 rn intervals along each transect, plots consisting of a series of plant

sarnpling quadrats were established. There were two quadrat sizes: forb quadrats measured 1 rr

X I m and shrub quadrats rreasured 2 nX 2 m. Quadrats were centred on the transect, and two

of each size were randornly assigned in an area extending 1 0 m on either side of the interval (i.e.,

a20 m section centred on the interval). In addition, two quadrats of each size were randomly

placed along the fir'st 10 m of each transect. There was six plots (at 0 rn, 50 rn, 100 rn, 150 m,

200 rn, and 250 m) and 22 quadrats of each size per transect, except the south transect of site I

where property boundaries did not permit sarnpling beyond the 150 m interval. The percent

cover of blooming forbs by species was visually estirnated in each forb quadrat once between 4
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and 7 July (the approximate mid-point of the WPFO bloom period in 2005). The percent cover

of all shrub species was visually estirnated once during the summer in shrub quadrat.

In 2006, only one transect measuring 100 n-r in length was established for each site. The

transect was placed in the wooded area nearest each site. Wooded areas were only incidentaliy

sampled in 2005 but rnay be used by sphinx moths as resting places and refuges frorn predators

(R. Westwood person. cornm.). These areas may also contain nectar sources or larval hosts for

the pollinating sphinx rnoth species. The method of quadrat placernent along each transect was

the same as in 2005. There was three plots (at 0 m, 50 m, and 1 00 m) and 10 quadrats of each

size per transect. Each quadrat was surveyed on 23 June. Percent cover values for blooming

plants and larval host plant species were visually estimated in forb quadrats. The percent cover

of all shrub species was visually estimated in shrub quadrats. For both study years, shrubs were

defined as woody stemmed plants less than 2 m in height andlor rnulti-sternmed.

The abundance and distribution of larval hosts was detemined using the data collected

by the vegetation survey described in Chapter 3 (see Appendix 1 for cover data by interval) as

well as the 2006 survey of wooded areas described above.

Antltropogenic ligltt som"ces. On 4 July 2005 between 2330 h and 2400h, all anthropogenic

light sources visible frorn each site were identified and the approximate compass direction and

distance to each was noted. The probabie light type (e.g., merculy vapour) was detennined and

the degree of visibility of each light was subjectively categonzed as clearly visible, somewhat
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visible, or barely visible to the human eye. The location of each light source was then identified

on a rnunicipal rnap and its distance fi'om the site to the light was recorded.

Meteot"ological conditions and ntotlt activi4r. To nleasure sphinx rnoth activity in relation to

meteorological conditions, light trapping was conducted in the TGPP during 11 nights - five

prior to (nights beginning on 13, 15,20,21, and22 June) and six during (nights beginning on26,

27, and 28 June and 4,5, and 6 July) the WPFO bloorn period in 2006. A large white sheet was

hung on two opposing sides of a small building at the TGPP field station. An eight watt

fluorescent ultraviolet light, with four reflective baffles, frorn a Ward's All-Weather Insect

TrapO was suspended at a height of I .5 n-r in front of each sheet. The lights were operated and

monitored for two to four hours between 2200 h and 200 h on nights of trapping. Sphinx moths

which alighted on or near the sheet were live caught with containers, which were placed in a

cooler until the next moming. The moths were then identified to species, checked for WPFO

pollinaria, and marked on the hind wing using a black marker. After identification the rnoths

were released. For all trapping nights during the WPFO bloom period, the lights were left on

until 0430 h, at which time any sphinx rnoths on or near the sheet wele captured and identified as

described above. There were no orchids within 500 rn of the lights.

Hourly temperature, wind speed, and relative hurnidity data for the trapping nights were

obtained from a u,eather station located adjacent to the field station. In addition, the amount of

cloud cover and moon phase was noted for each night of trapping.
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In addition to the trapping, the percent of pollinaria rernoved (see above) was also used as

a rreasure of rnoth activity.

4.3.2 Statistical analysis

Where tests of difference were perfonned, the data was first tested for normality by

graphing residuals from a general linear rrodel estimate against the estirnated values, and

assessing the distribution pattern in the scattergram. Data were appropriately transfonned (i.e.:

log(X+1) or square-root-transformed) if heterogeneity of residuals was noted. Untransfonned

lreans are reported in the results and tables. Nonnalìty testing and analyses of variance

(ANOVA) were carried out using SPSS software (SPSS Inc. 2001). Tukey's HSD test was used

for post hoc comparison (P: 0.05) when differences between rìeans were determined by

ANOVA.

Moth vísitation. The number of flowers per plant at each site was calcuiated for both years. This

was done indirectly by dividing the mean numbers of flowers censused at the site by the mean

number of bloorning orchid plants found at each site in 2005. In2006, the number of flowers per

plant was determined by dividing the number of flowers by the number of plants, using only the

plants which were still intact at the time of the seed capsule survey.

In 2005, seed capsuies produced per flower at each site could not be calculated directly as

the nurnber of flowers produced by those plants surveyed for seed capsule production was not

known. Instead, the number of seed capsules produced per flower was calculated by dividing the

number of seed capsules by the mean nurnber of flowers censused at the site. In 2006, the
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number of flowers associated with each of the plants surueyed for seed capsules was known, thus

capsules per flou'er for each plant could be calculated and between site differences examined

using the Kruskal-Wallis ANOVA test (the data did not satisfu parametric assumptions even

after transfomation).

For 2006, the percentage of pollinaria rernoved fi'om the flowers (not inciuding buds or

senesced flor.r,els) of each plant during each night was calculated. The Kruskal-Wallis ANOVA

test was used to examine the differences in percentage pollinaria removed between sites and

between nights.

Nectar sources and lat'val hosts. The forb and shrub components of the vegetation survey were

examined independently.

Using the data collected in 2005, the mean percent cover of blooming forb species by plot

was calculated. The analysis of the rest of the data collected in 2005 is described in Chapter 3

(Materials and Methods - Statistical Analysis - Percent cover). Using 2006 data, the mean

percent cover ofeach forb and shrub species by plot was calculated. The percent cover oflarval

host plant species and bloorning forbs was colnpared between sites for both years using a

Kruskal-Wallis ANOVA.

Meteorological conditions and ntoth activi¡,,. The mean hourly temperature, wind speed, and

relative humidity were calculated for those tirnes when the light traps were operated and

observed and also for the nights associated with pollinada counts. Between evening and
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between night differences in these variables were examined using ANOVA. The data were not

suitable for rnultiple regression based on collinearity considerations and because all vadables

were measured on a continuous scale and the values of the causation variabie were not set by the

investigator (Dytharn 2003). Therefore, the pair-wise relationships between the weather

variables, the number of rnoths caught, and the pollinariurn removal rate were analyzed using the

Pearson product-rnornent con elation.

4.4 Results

Motlt visitation rate. In 2005, the total nurnber of blooming orchids, orchid flowers, and seed

capsules varied considerably between sites and was rnuch higher on average than in 2006 (Table

4.1). Mean inflorescence size ranged from 4.0 flowers per plant (site 4 in 2006) to 7 .2 flowers

per plant (site 3A in 2006). Orchids at both sites two and four produced more than twice as

many capsules per flower than did orchids in eithel site one or three in 2005 (Table 4. 1). In

2006, the number of capsules per flower did not vary significantly between sites, though there

were considerable differences (Table 4.1). The three sites used in both years (sites I , 2, and 4)

produced more capsules per flower in 2005 than in 2006, with the most dramatic difference at

site two (Table 4.1).

The percent of available pollinaria removed did not differ signif,rcantly between sites

(Table 4.2) or nights (Table 4.3). The highest single night rernoval rate (11.1%) and the highest

overail removal rate occurred at site 3A (Tables 4.2 and 4.3). Pollinarium removal rate tended to

increase over the bloom period (Table 4.3). Pollinadum removal was not correlated with the rate

of seed capsule production (r: -0.072,p : 0.928) (Figure 4.2).
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No sphingid scales were collected frorn orchid flowers in 2005. Two WPFO flowers

with rroth scales and hairs were incidentally observed in2006.

NecÍar sources and lat-val host plants. The percent cover of bloorning forbs did not differ

significantly between sites in 2005 or 2006 (Tabl e 4.4). The cover of bloor¡ing forbs was less in

wooded areas colnpared to the general survey, though they were sarnpled in different years

(wooded areas in 2006, general survey in 2005) (Table 4.4). The most abundant of the 26

bloorning forb species identified in 2005 were L)tsimacltia quadriflor"a L. and Prtmella vulgaris

L. (Table 4.5). Only three taxa (Medicago lupulína, P. vulgaris, Solidago spp.) varied

significantly between sites (Table 4.5). Only five bloorning forb species in the wooded areas

sampled in2006 were identified, none of which were particuiarly abundant or differed

significantly in abundance between sites (Table 4.6). Prunu.s spp., the primary larval host of ,S.

drupiferarttnl, was present in only one plot in 2005 (Appendix 1) and not at all in 2006. In both

years, the percent cover of Galimn boreale varied signif,rcantly between sites, being rnost

abundant at site two (Table 4.7). Table 4.8 shows G. boreale cover to be greatest in the

imrnediate vicinity of the orchids, but this high value is largely due to its abundance at site two

(Table 4.9). Overall, the covff of G. boreale did not vary significantly between distances across

or within sites (Tables 4.8 and 4.9).

Light sout'ces. Anthropogenic light sources were visible from each site (Table 4.10). The lights

visible frorn site one were barely so, thus their location could not be conclusively identifìed. The
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rnajority of lights were likely mercury vapour lights frorn residential properties, though red lights

from communications towers were also visible (Table 4.10).

Meteorological conditions. All three weather variables - temperature, relative humidity, and

wind speed - varied significantly between all trapping nights (Table 4.1 1) and between those

trapping nights during the WPFO bloom period (Table 4.12). The nurnber of sphinx moths

caught per night ranged from two to 17, with a ûrean of 6.7 (Table 4.11). Of the 67 sphinx rnoths

caught over the ten nights, no specimens of ,S. drupiferarunt or H. gallii were collected (Table

4.11). The rnost abundant and consistently caught sphinx moth was Smerintltus jantaicensis

(Drury) (Table 4.11). None of the moths carried WPFO pollinaria or were re-caught on

subsequent nights.

The number of rnoths caught per night was not significantly related to any of the weather

variables(withternperature: r:0.339,p:0.338; withrelativehumidity: r:-0.001 ,p:0.997;

with wind speed: r: 0.088; p : 0.808) over ten nights (Figure 4.3). For the five trapping nights

during the WPFO bloorn period, the number of moths caught was not significantly correlated

with percent pollinaria removed (r : -0.354, p : 0.138) (Figure 4.2). Percent pollinaria removed

was significantly positively conelated with ternperature (r : 0.577, p : 0.010) and wind speed (r

:0.620, p : 0.005) (Figure 4.2). However, the percent pollinaria removed had a significant

negatìve relationship with relative humidity (r: -0.607, p : 0.006) (Figure 4.2). Tenperature

was positively associated with wind speed (r:0.794, p : 0.006) and negatively correlated with

relative humidity (r: -0.705, p : 0.023) (Figure 4.4). Wind speed and relative hurnidity were
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negatively correlated (r: -0.635, p : 0.049) (Figure 4.4). There did not appear to be any

relationship between moth catch and the amount of rnoonlight.

4.5 Discussion

Moth visitalion rate. Therate of seed capsule production per flower varied considerably, though

not significantly, between sites in both 2005 and 2006 (Table 4.1). The number of capsules

produced at a site also varied considerably between years (Table 4.1) and the percent of

pollinar-ia removed from flowers varied somewhat during the bloom period both within and

across sites (Tables 4.2 and 4.3). These results suggest that both spatial factors at a local scale

and temporal factors at an annual scale rnay affect the rate of sphinx moth visitation to the

WPFO. This is consistent with the earlier research by Borkowsky (2006) who found

considerable differences in WPFO seed capsule production rates between sites and years in

Manitoba. Pleasants and Moe (1993) showed rnoth visitation rates to the WPFO increase during

the bloorn period, with the polliniurn removal rate roughly coresponding with the nurnber of

open flowers. Spatial and/or temporal variation in visitation rates has also been recorded for

Platanthera blephariglottis (Wllldenow) Lindley (Cole & Firmage 1984), P. ciliaris (L.) Lindley

(Smith & Snow 1976), P. metabifoliaF.Maekawa (Inoue 1986) and P. okuboi Makino (Inoue

1985). Severai reasons for the variation in the above studies were suggested, including

differences in flower size (and therefore pollinator attraction) between populations (lnoue 1986),

differences in the plant community between populations (Srnith & Snow 1976; Inoue 1985), and

fluctuating pollinator abundance between years (Cole & Finnage 1984).
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The number of seed capsules produced was not correlated with the rate of pollinarium

removal (Figure 4.3). That no relationship was found between these two Íìeasures may be due to

the different time scales of the rreasurelnents - seed capsules per flower was ûreasuled after the

entire bloorning period while overall rates of pollinaria removai were averages of five nights

during the bloom period. If the pollinaria removal rale for the entire bloorn period had been

calculated using only the plants present when seed capsules were counted, a different

relationship between the two Íreasures may have been observed. Alternatively, pollinariurn

removal rates may not be a reliable rreasure of pollinatol visitation (see below).

The percent of flowers producing seed capsules in the present study ranged from 5 o/o to

37 o/o (nean: 17 %) in 2006 (Table 4.1). These are considerably higher than most previously

recorded rates for the WPFO in Manitoba, which ranged frorn 0. 18 o/o to 3.21 % (Borkowsky

2006). Borkowsky (1997) recorded a seed capsule production rate of 22 o/o lor the WPFO in

Manitoba, but this was based on a small sarnple size, so results must be interpreted with caution.

This variation in seed capsule production rates suggests that ternporai factors at an annual scale

rnay affect pollination rates of the WPFO. Approxirnately 30 % of flowers in a North Dakota

WPFO population produced seed capsules (Pleasants & Moe 1993).

Despite WPFO flowers being poilinated and producing seed capsules, no sphingid scales

were collected frorn WPFO flowers in 2005. Scales and hairs consistent with those of sphinx

moths were collected frorn two flowers on one plant in 2006. This suggests that the scale- and

hair-covered portions of the sphinx rnoth poilinators of the WPFO may not consistently contact

flower parts. The only parts of the sphinx rnoth pollinators which necessarily contact WPFO
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flowers are the eyes and proboscis (Sheviak & Bowles 1986;Westwood & Borkowsky 2004),

neither of which have scales or hairs. Based on the present study, the reliability of the presence

of sphinx rnoths scales in WPFO flowers as a Íleasure of pollinator visitation is highly suspect,

though such a rneasure may be useful for other sphinx rnoth-pollinated plant species (Cruden

1970; Cruden et al. 1976;Patt et al. 1989).

Neclar sources qnd lat-val host plants. The percent cover of bloorning forbs did not differ

significantly between sites in 2005 or 2006. None of the species bloorning concurrently with

WPFO had flowers which could be classified as sphingophilous, or typical of sphinx moth

pollinated flowers (Baker 1961; Faegri &.van der Pijl 1979;Grant 1983; Sheviak & Bowles

1986). The rnost abundant bloorning forb, L)tsintachia quadriflora, does not secrete nectar, the

reward sought by the poilinators of the W?FO, and is visited prirnariiy by Macropls spp.

(Hyrnenoptera: Melittidae) (Simpson ¿l al. 1983). Members of the Hymenoptera are the primary

insect visitors to Solidago spp., Prunella wtlgaris, and Medicago lupulina - lhe thlee species

whose abundance differed significantly between sites (Table 4.5) (Macior 1969; Heinrich 1976;

Gross & Werner 1983; Nakano & Washitani 2003; Hllty 2002-2006).

Prunus sp., the primary laryal host plant of S. dtupÌferarunx, was found in only one plot

in the study area. No other known host plants of S. drupiferarunx were identified. Considerable

arrounts of Galimn bot"eale were found in parts of the study area and the percent cover of G.

borealedid differ significantiy between sites. However, the cover of Galiutn borealewas not

related to orchid seed capsule production (Tables 4.1 and4.7).
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These results suggest that differences in WPFO seed capsule production rates between

sites are not due to the abundance of larval host plants or blooming forbs. Given the species

found to bloorn concurently with the WPFO, it is unlikely that the WPFO regularly competes

with these species for sphinx moth 'attention'. No studies were found which directly exarnine

the relationship between pollinator visitation rates and the abundance of larval host piants.

Light sources. Mercury vapour lights similar to those observed from the sites of the present

study have often been used to collect night-flying Lepidoptera, including sphinx moths (eg:

Eisikowitch & Galil 197 i ; Bowden & Monis 1975; Spalding & Parsons 2004). No records were

found which indicate that sphinx moths are attracted to red lights such as those observed on the

communications towers. The number and visibility of mercury vapour lights visible frorn the

sites did not corespond with rates of WPFO seed capsule production (Tables 4.1 and 4.10).

Lights visible from the four sites were at least 1 .9 km frorn the sites (Table 4.10). Such a

distance is well beyond most estimates of a light's coilecting distance (Frank 1988; Southwood

& Henderson 2000), so it would seem unlikely that sphinx rnoths already near the orchids would

be attracted to such lights. However, sphinx moths passing near such lights while foraging rnay

be attracted to the lights and spend time around the iights. Direct observation of such lights at

night would allow one to detennine if sphinx moths visited the lights and the length of tirne they

spend in the vicinity of the lights.

Meleorological conditions. Neither of the pollinators of the WPFO in Manitoba were caught at

the light traps in this study (Table 4. I 1). There are several possible explanations for their'

absence. Borh Hyles gallii and Sphinx drupiferanun may have very srnall populations in
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Manitoba in a given year (Hodges i971; Westwood & Borkowsky 2004). Thus 2006 rnay have

been a year in which populations of both species were very small and as such, catching

individual moths should have been a îare occurrence. Altematively, the abundance of these

species may not have been low in general, but only in the particular area where the lights were

stationed. Potential reasons for low local abundance may inciude lack of food sources (no

known food sources of the adult rnoths, inciuding P. praeclat"a,were located within 500 m of the

lights) or high predator populations in the area.

At least 15 sphinx moth species have been collected in the vicinity of the TGPP during

the WPFO bloorn period (Westwood & Borkowsky 2004), though only four of these species

were collected in this study (Table 4.1 1). Of these four species, none have a proboscis of

sufficient length to access the nectar of WPFO flowers (Westwood & Borkowsky 200$ and are

thus unlikely to act as pollinators of the WPFO.

The activity of sphinx moths, including their pollination activity, is likely constrained by

rneteoroiogical factors such as temperature (del Rio & Búrquez 1986; Butler et al.1999;but see

Willrnott & Búrquez 1996) and wind speed (Eisikowitch & Galil 1971 ; Wilhnott & Búrquez

1996). The present study did not find a significant relationship between the number of sphinx

moths caught and three meteorological varjables - ternperature, relative hurnidity, and wind

speed. There are at least two explanations as to why the expected correlation between weather

conditions, particularly temperature and wind speed, and rnoth abundance was not found. Traps

were operated for only 10 nights. Studies which specifically examine the relationship between

light trap catches and weather conditions generally have rnuch larger sarnple sizes (eg: Butler ef
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al.1999). A second potential reason the temperature and wind speed did not conelate with rnoth

abundance in the present study involves the range of conditions in which sphinx moths are

acÍive. If the conditions during tlapping periods were well within the thresholds of rnoth

activity, a strong linear correlation between moth abundance and weather conditions may not be

found (Danthanarayana 1976; Willmott & Búrquez 1996; but see Cruden et al. 1976' del Rio &

Búrquez I 986). Mean temperature during the trapping periods ranged frorn I 1 .3 "C to 21 .5"C

and wind speed ranged frorn 0.20 m/sec to 2.94 m/sec (Table 4. I I ). These values are within the

range of conditions in which rnoths, including sphinx moths, rnay be active (Eisikowitch & Galil

1971; Cruden et al. 197 6; Danthanarayana 197 6; del Rio & Búrquez 1 986; Butler et al. 1999).

Consistent with previous research (Danthanarayana 1976; Willmott & Búrqrcz 1996),

relative hurnidity did not have a noticeable effect on sphinx rnoth abundance, though the problem

of a small sample size noted above rnay appiy here as well.

Pleasants and Moe (1993) found 33 % pollinaria removed from WPFO flowers in North

Dakota. Borkowsky (2006) r'eported mean pollinaria removal rates ranging fiorn 6 % to l0 Yo

for the WPFO in Manitoba. The pollinariurn removal rates recorded here (1 o/o to 3.7 o/o) are

more consistent with the findings of Borkowsky (2006) than with Pleasants and Moe (1993).

However, the above studies measured rernoval rates over the entire bloom period rather than by

night as in the present study, thus results are not directly cornparable.

Pelcent pollinariurn removal was signifrcantly correlated with all three weather variables

(positively with temperature and wind speed, negatively with relative humidity), though neither
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the correlation coefficients nor the scatterplots (Figure 4.3) showed particulally strong

relationships. The highest rates of pollinariurn removal in the present study occurred u,hen the

wind speed was 2.94 rnlsec. The upper wind speed threshold for sphinx moth activity is about

three metres per second (Eisikowitch & Galil 1 97 1 ; Danthanarayana 197 6). The number of

sphinx moths caught at lights, a Írore direct indicator of sphinx activity than poiiinarium removal

rates, did not correlate with the weather variables, inciuding wind speed (Figure 4.2). These

obseruations suggest that the removal of many pollinaria in this study rnay not have been the

result of sphinx rnoth activity. The relationship between pollinariurn rerloval rates and the

weather variables may not have been mediated through sphinx moths but rather through some

other feature(s) of the orchid's environment. Other workers have noted that sur¡ounding

vegetation, particularly tall grasses, contact the viscidia of WPFO flowers which then adhere to

the grass and are removed frorn the flower and that such events are likely related to grasses

swaying in the wind (Cuthrell 1994; Borkowsky 2006). This phenomenon was also noted in the

course of the present study. The positive correlation between pollinariurn removal and wind

speed rnay due to increased rernoval of poliinaria by surrounding vegetation during windy

periods rather than increased moth activity. This suggestion is consistent with the iack of

correlation between wind speed and the nulnber of sphinx moths caught at the lights. Wind

speed was positively correlated with temperature and negatively correlated with relative

hurnidity (Figure 4.4). This same pattern was true for the relationship of pollinariurn removal

with ternperature and hurnidity (Figure 4.3). Wind speed at meso- and micro-scales is often

related to differential heating of the eafth's surface (Environment Canada 2002). Thus, wind

speed will often decrease with ternperature (ie: as the amount of solar energy reaching the eafih's

surface decreases). For a given level of absolute hunidity, relative hurnidity is negatively related
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with ternperature (Enviromnent Canada 2002). Poilinarium removal rates may thus be indilectly

related to temperature through wind speed, and to relative hurnidity as mediated through both

wind speed and temperature.

General discussiott. As in other studies (Cuthrell 1994; Borkowsky 2006), this study found that

the removal of pollinaria from WPFO flowers is not likely to be an accurate measure of

pollinator visitation. The rate of pollinator visitation to the WPFO in Manitoba, as rìeasured by

seed capsule production, varied by site and by year. This vadation was poorly explained by the

variables measured in this study - the abundance of alternate nectar sources and larval host

plants for the sphinx rnoth pollinators of the WPFO, the abundance and visibility of light sources

frorn orchid aggregations, and meteorological conditions. Pleasants & Moe (1993) found a

significant, but low (r:0.26) positive correlation between inflorescence size (i.e.: flowers per

plant) and seed capsule production in a North Dakota WPFO population. In the present study,

such a trend was not evident between sites within years or between years at a given site (Table

4.1). The size of a plant population (i.e.: number of plants) rnay be positively related to rates of

fruit production (,Â.gren 1996; Morgan 1999; Waites & Ågren 2004), though this does not appear

to be the case for the WPFO (Pleasants & Moe 1993; the present study). In fact, for both 2005

and2006, the present study shows a negative relationship between seed capsules per flower and

the number of plants, though this relationship was not evident between years (Tabl e 4.1).

Four sites may not be a sufficient sample size to demonstrate relationships between

pollinator visitation and the variables examined. Although the WPFO population at the TGPP is

the largest remaining population, in rnost years there are not many sites in the TGPP with
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adequate orchid populations for studies such as this. Even if more sites were avaìlable and had

been used, the resources necessary to sufficiently sarnple many additional sites were not

available for this study.

Alternate nectar sources which may compete with the WPFO for pollinator services were

not found growing near the WPFO at any of the sites. The abundance and visibility of light

sources did not appear to affect levels of pollinator visitation and is unlikely to do so as the

distances fiorn lights to orchid aggregations were well above the maximum estimated coilecting

range of sirnilar lights (Southwood & Henderson 2000). Neither of the above variables is likely

to explain variation in visitation rates even with an increased sample size. However, between

site variation of pollinator visitation due to differences in larual host plant abundance bears

further study. Four sites may not be a sufficient sampie size to demonstrate a relationship

between pollinator visitation and larval host plant abundance. Controlled experirnents invoiving

the larval hosts of both pollinating sphinx rnoth species would be enlightening. Ternporal

variation of pollinator visitation rate also warrants fuither study, particularly in regards to wind

speed. Strong winds during the WPFO bloom period may not only reduce the pollinating

activity of sphinx moths (Eisikowitch & Galil 1971 ; Wilhnott & Búrquez 1996) but also relrove

a considerable number of pollinaria from WPFO flowers (Cuthrell 1994; Borkowsky 2006, the

present study). The latter phenomenon may increase the incidence of nectar theft experienced by

WPFO flowels as they may not have pollinaria to attach to visiting moths which can still access

the nectar reward. Long tenn studies at the TGPP following orchid seed capsule production,

meteorological conditions, and sphinx moth abundance rnay yield irnportant insights into the

factors influencing ternporal variation in sphinx moth visitation to WPFO flowers in Manitoba.
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Table 4. i . Cornparison of seed capsule ploduction by the WPFO (rnean * SE) between four sites
in the TGPP.

No. Orchids No. Flowers Flowers Per Plant No. Seed Capsules Capsules Per Flower
ù .tr --tõõs' 30062- 200æ----rõõ6¡- 2o0s 2006 ,005 æ06 --rõõ5 æ06¡-
1 301.7 22 1418.3 122 4.7 5.5 269 22 0.19 Oj4x0.07
2 191.5 39 1294.5 247 6.8 6.3 571 13 0.44 0.05 t 0.03

3/34 256.0 25 1611.0 181 6.3 7.2 318 25 0.20 0.1210.06
4 219.0 11 1311.0 44 6.0 4.0 578 14 0.44 0.37 t0j4

X2 = 6.332
df = 3

P = 0.097

ïhe mean number of orchids censused during the bloom period
2The number of orchids surveyed for seed capsules
tThe mean number offlowers observed dur¡ng the bloom period.
aThe number offlowers produced by the orchids observed for seed capsule product¡on.
ssites were compared using the Kruskal-Wallis ANOVA.

Table 4.2. Comparison of percent WPFO pollinaria removed from flowers (mean + SE)
between four sites in the TGPP.l

Site JN27l28 JN28129 JL4l5 JL 5/6 JL6t7
1 0.0 0.8 0.6 1.6 2.8 1.1 t 0.5
2 0.0 2.7 '1 .0 0.4 1.1 1.0 1 0.5
3A 0.5 2.4 0.7 11 .1 3.7 t 2.5
4 0.0 0.0 1.1 3.0 3.6 1.5 ! 0.7

Fr,',r = 1 .018

P = 0.412

'Sites compared using ANOVA.

Table 4.3. Comparison of percent WPFO pollinaria removed from
flowers (rnean + SE) between five nights in the TGPP.'

Night 123A4
JN 27128 0.0 0.0 0.0 0.0 t 0.0
JN 28129 0.8 2.7 0.5 0.0 1.0 t 0.6

JL 415 0.6 1.0 2.4 1.1 1.3 r 0.4
JL 5/6 1.6 0.4 0.7 3.0 1.4 r 0.6
JL 617 2.8 1.1 11.1 3.6 4.6 t 2.2

Fa,ra = 2.362

P = 0.103

Nights were compared using ANOVA.
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Table 4.4. Comparison of percent cover
of bloorning forbs (mean + SE) at four
sites in the TGPP.I

Cover of Blooming Forbs (%)
2006

0.5 r 0.2
0.4 ! 0.2
0.2 ! 0.2
0.0 r 0.0

F3.u = 1 .517

0.283
tsites were compared using ANOVA.

1

2

3/3A
4

F

P

1.5 r 0.3
1.8 r 0.3
3.1 r 1.3

0.9 r 0.3

F3,eq = 1 .606

0.194

Table 4.5. Cornparison of percent cover of blooming forbs by species (mean + SE) between four
sites in the TGPP, sampled during 2005.1

x2

Achillea millefolium
Apocynum cannabinum
Arctium sp.
Cirsium spp.
Comandra umbellata
Galium boreale
Hypoxis hirsuta
Krigia biflora
Lysimach ia q uadriflora
Medicago lupulina
Melilotus alba
Plantago major
Platanthera praeclara
Prunella vulgaris
Rudbeckia hiña
Senecio pauperculus
Sisyrinchium montanum
Solidago ptarmicoides
Solidago spp.
Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Zizia aptera
Zizia aurea
ZVqadenus eleqans

0.00 r 0.00
0.00 r 0.00
0.00 t 0.00
0.00 t 0.00
0.00 r 0.00
0.02!0.02
0.0'1 10.01
0.01 I 0.0',1

0.73 r 0.19
0.00 I 0.00
0.00 r 0.00
0.00 t 0.00
0.1'1 r 0.09

0.23 r 0.07b
0.00 I 0.00
0.06 t 0.03
0.00 J 0.00
0.01 r 0.01

0.00 t 0.00a
0.01 10.0'1
0.00 r 0.00
0.00 r 0.00
0.00 t 0.00
0.24 ! 0.12
0.04 r 0.04
0.00 I 0.00

0.00 r 0.00
0.'18r0.11
0.00 r 0.00
0.00 f 0.00
0.00 r 0.00
0.01 I 0.01
0.00 r 0.00
0.0710.07
1.02 !0.25
0.00 + 0-00
0.10 t 0.06
0.01 r 0.01
0.04 r 0.03

0.03 t 0.02a
0.02 r 0.0'1

0.01 10.01
0.01 r 0.01
0.06 10.06

0.02 x0.O2ab
0.00 É 0.00
0.00 r 0.00
0.00 I 0.00
0.00 r 0.00
0.06 r 0.04
0.18 r 0.18
0.00 r 0.00

0.04 r 0.03
0.18 f 0.13
0.08 r 0.08
0.42 !0.42
0-16 J 0.',16

0.00 r 0.00
0.00 t 0.00
0.01 r 0-01

0.57 !0.14
0.06 + 0.04
0.91 r 0.83
0.00 t 0.00
0.09 r 0.05

0.14 t 0.O8ab
0.01 r 0.01
0.09 È 0.05
0.02 10.01
0-02 r 0.0'1

0-02 t 0.02ab
0.00 r 0_00

0.01 t 0.01
0.01 t 0.01
0.00 I 0.00
0.18 t 0.12
0.00 I 0.00
0.03 I 0.02

0.00 r 0.00
0.05 I 0.03
0.00 I 0.00
0.00 t 0.00
0.00 r 0.00
0.00 t 0.00
0.00 i 0.00
0.00 t 0.00
0.43 !Q.17
0.00 r 0.00
0.00 r 0.00
0.00 t 0.00
0.07 r 0.05

0.19 t 0.13a
0.02 r 0.01
0.00 r 0-00
0.01 r 0.01
0.00 + 0.00

0.13 I 0.06b
0.0010.00
0.00 t 0.00
0.00 r 0.00
0.01 r 0.0'1

0.02 t 0.02
0.00 r 0.00
0.00 I 0.00

5.897
3.660
2.917
2.917
2.917
2.122
3.273
1.056
5.805
8.940
6.070
2.917
0.726
11.850
2.142
5.655
1.937
1-985
B-856
3.273
2.917
2.917
2.917
3.962
2.114
5.896

0.117
0.301
0.405
0.405
0.405
0.548
0.351
0.788
0.121
0.030
0.1 08
0.405
0.867
0.008
0.543
0.1 30
0.585
0.575
0.031
0.351
0.405
0.405
0.405
0.266
0.549
0.117

J
ÒJ

J
Ò
J

Ò
J

J

J

J

J

J

a
J

a

aJ

J

J

J
Ò

J

J
aJ

3

3
a

aJ
aJ

tsites were compared using the Kruskal-Walljs ANOVA. Means in rows followed by different letters are significantly different
at p = 6.95 (Mann-Whitney U).
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Table 4.6. Comparison of percent cover (rnean + SE) of blooming folbs found in wooded areas at

four sites in the TGPP.T
Site

Species x2

Galium boreale
Hypoxis hirsuta
Lysimachia ciliata
Sanicula marilandica
Zizia aurea

0.08 r 0.08 0.08 r 0.08 0.00 r 0.00
0.00 r 0.00 0.08 1 0.08 0.17 ! 0.17
0.00 f 0.00 0.25 ! 0.14 0.00 r 0.00
0.33 r 0.33 0.00 r 0.00 0.00 f 0.00
0.08 r 0.08 0.00 r 0.00 0.00 f 0.00

0.00 r 0.00
0.00 r 0.00
0.00 r 0.00
0.00 t 0.00
0.00 t 0.00

0.532
0.392
0.088
0.530
0.392

2.200
3.000
6.545
2.212
3.000

a

2J

J
cJ

'S¡tes were compared using the Kruskal-Wallis ANOVA.

Table 4.7. Comparison of percent Galium spp.
cover (rnean + SE) between four sites in the
TGPP.I

2005 Surv Wooded Area
0.8 t 0.3ab 1.9 t 0.6ab
3.5 t 1.0c 3.1 r 0.9b

2.0 t 0.4bc 2.4 t 1jab
0.5 t 0.2a 0.1 t 0.1a

F3,72 = 6.553 Fç6 = 5.229

P = 0.00'l P = 0.004

Sites were compared using ANOVA. Means
followed by different letters are significantly
different at p = 9.95 (Tukey's HSD).

Table 4.8. Cornparison of percent
Galiurn spp. cover between six
distances frorn orchid bed centre in
the TGPP.'

0 2.8 t 1.'l

50 1.0 f 0.5
100 '1.8 t 0.8
150 1.310.5
200 1.8 t 0.7
250 1.6 r 0.6

F5,7q = 0.376

ovn

Site

1

2
3/3A

4
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Table 4.9. Conparison of percent Galium spp. cover between six distances fiom orchid
b"d 

"""tt" 
ut four rit.

Distance (m)
Site

U

50
100

150
200
250

0.0 t 0.0
0.5 t 0,2
0.4 !0.2
1.1 r 0.6
2.6 t 2.3
0.8 r 0.4

4.4 t 0.7
0.8 r 0.3
1.3 r 0.6
2.2 ! 1.6

1.9 È 1.0

1.2 t 0.5

F5,16 = 1.698

P = 0.'192

0.0 t 0.0
0.0 t 0.0
0.7 r 0.6
1.0 t 0.7
0.2 t 0.2
1.3 r 1.3

F5,e = 0.992

P = 0.473

9.2 ! 3.2
3.1 t 1.8

5.2 ! 3.1

0.4 !0.4
1.9 1 1.3
2.9 !2.3

F5,16= 1.152 F5,.11 = 1.744

P = 0.374 P = 0.205

Distances were compared using ANOVA.

Table 4.10. Anthropogenic light sources visible fi'om four sites in
the TGPP.

1 mercury vapour barely
mercury vapour barely

2 mercury vapour clearly
tower'1 clearly

3 mercury vapour somewhat
mercury vapour clearly

tower 1 clearly
4 mercury vapour clearly

tower 1 clearly
tower 2 clearly

;;
10.8
2.0
2.6
11.4
2.0
11.9
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Table 4.I 1. Mean weather conditions and sphinx moth catches for ten evenings at the TGPP.T
Weather Conditions lr4oth Catch

Evening
(no. hours) ('C) Humidlty (m/sec) jamaicensis cerisyi modesta myops '-'-'
JN 13/14 (5) 13.8 t 0.9ab 95.7 J 3.4bc 0.87 ¿ 0.14abc
JN 15/16 (5) 20.7 !0.2c 91.6 t 0.6bc 2.71 !0.21de
JN20121 (4) 16.2 1 1.0b 82.6 14.0b 1.72!0.21cd
lN21122(4) 11.6 10.8a 91.1 ! 1.2bc 1.63 t 0.53bc
)N22123(4) 13.0 1 1.1ab 97.7 !2.3c 0.36 10.10a
)N27128(4) 11.3!1.2a 96.8 t 3.1bc 0.20 r 0.05a
JN 28/29 (4) 15.8 t 0.7ab 82.7 ! 2.1b 0.65 t 0.06ab

2
13

5
2

1

7
11

5
6
1

0
3
1

0
0
0
1

1

0
0

0

0
,1

0
1

0
4

0

0
I

0

0

0

0
0
0
1

0
0

0

2
16

7

2
2
7

17
o

6
2

JL 4t5 (4)
JL 5/6 (4)
JL 6/7 (3)

E
21.5 I 0.8c

14.210

13.2 ! 1.2ab 90.4 I 5.7bc 0.34 1 0.05a
17.2 I 0.8bc 86.8 t 1.7bc 0.83 t 0.06âbc

P <0.001

63.2 ! 2.7a 2.94 x O.14e

20.575
<0.001

8.872
<0.001

Êvenings were compared using ANOVA- Means followed by d¡fferent letters are signifìcantly different at p = 0.05 (Tukey's HSD)
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Table 4.12. Conparison of rneteorological variables (rnean + SE) between
five nights during the WPFO bloorn period at the TGPP.T

Night Temperature ("C) Relative Humidity Windspeed (m/sec)
JN 27128 9.2 t 0.8a
JN 2Bl29 14.1 t 0.6bc
JL4l5 11.5t0.8ab
JL 5/6 15.9 t 0.5c
JL617 20.9 !0.4d

45.817

P <0.001

98.6 r 1.4d
84.5 t 1.4b
94.7 t 2.7cd
89.1 r 1.4bc
66.4 t 1.7a

47.756
<0.00'1

0.'19 t 0.03a
0.79 t 0.06bc
0.50 t 0.05ab
1.05 t 0.09c
3.34 ! 0.28d

84.104
<0.00'1

F o,oo'

'Nights were compared using ANOVA. Means followed by different letters are
significantly diflerent at p = 9.95 (Tukey's HSD).

Table 4.13. Comparison of herbaceous species diversity (rnean + SE) between four sites.r
DiversitY site Fs,zz PMeasure2 1234

sR 13.2 t
RR 7.8 r 0.1 7.5 ! 0.2 7 .8 ! 0.2 7.5 I 0.3 1 .051 0.375
H' 2.11!0.07b 2.00 r 0.06b 1.97 r 0.08ab 1.68 r 0.13a 4.466 0.006
EH 0.83 I 0.02b 0.81 r 0.02b 0.76 I 0.02ab 0.71 t 0.03a 4.319 0.007

C 0.82 t 0.02b 0.81 t 0.0'1b 0.79 t 0.02ab 0.71t0.04a 4.606 0.005
Slope -0.101 t 0.007b -0.122 t 0.009ab -0.123 ! 0,067ab -0.15910.020a 3120 0.031

'Sites compared using ANVOA. Means in rows followed by different letters are signifìcantly different at P = 0.05.
(Tukeys HSD)
25R 

= species richness; RR = rarefied richness; H' = Shannon-Wiener diversiiy; E¡r = Shannon-Wiener evenness;

C = Simpson diversity; Slope = slope of rank log abundance
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Figure 4.1.l.4.ap of site location in the TGPP.
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Figure 4.2. Scatterplots showing the relationship between the percent pollinaria removed and the
number of sphinx moths caught (A), ternperature (B), relative hurnidity (C), wind speed (D), and
seed capsules produced per flower (E).

3.5

-eo
o
trõ6t

_a

a
õ
0_

-
c
E
o

ñ
ña ^^
c
0-

"- ts

pB
o
o
ç
õ6
É
o

c

0-
-ô2

(E)

1.O

Seed CaÐsules / Flower

0.5

000 0.4c

6ø

o

E&
6

0.30

94



Figure 4.3. Scatterplots showing the relationship between
moths caught and temperature (A), r'elative hurnidity (B),
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Figure 4.4. Scatterplots showing the relationship between three weather variables.
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5. GENERAL DISCUSSION.

5.1 Plant Communitv and Pollination

The overail structure and composition of a plant community rnay affect the cornposition

of the pollinator community, including its rnoths (Moldenke 1976;Beck et al. 2002) with the

resuit that a given moth species may prefer certain plant communities over others (Kitching et al.

2000; Beck et a|.2002). This pleference likely depends on several factors, but rnay include the

abundance of food plants for adults and laruae (Wiklund & Åhrberg 1978; Karb an 1997;

Kitching et a|.2000) and the number of predators and parasitoids of rnoths present (Janzen

1986). While the structure and composition of a plant community can encolnpass such factors as

the abundance of larval and adult food plants, it may also account for other features of the plant

community which could affect moth abundance or activity in that community (Srnith & Snow

1976; Inoue 1985; Kitching et a|.20001. White & Whitharn 2000; Ricketts er al.200l;Beck er al.

2002; Wickramasingire et al.2004). For piants which rely on rnoths for pollination, the presence

of such features rnay affect seed and/or fruit set. Thus, the results discussed in Chapter 3 could

have a bearing on the results of Chapter 4.

If the plant community associated with the WPFO at the study sites in the TGPP had

considerable influence on moth activity, it would be expected that sites with high rates of seed

capsule production would have a distinct plant cornmunity as compared to those with low rates

of capsule production.

In 2005, sites two and four had high rates of seed capsule production cornpared to sites

one and three. There were significant differences between sites in terms of diversity, evenness,

and overall cornmunity cornposition, but not in ail categories examined. Site four tended to be
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somewhat distinct from the other sites. However, site two was different from site four and

relatively similar vegetatively to sites one and three, which had lower rates of seed capsule

production. Thus, it does not appear that the overall character of the plant communities

associated with the WPFO notably affect the rate of pollinator visitation.

This comparison was based on only four orchid aggregations over one year. A larger

sample size over severai years would detennine more conclusively if the composition of the

plant community affected pollinator visitation rates to the WPFO in Manitoba. Unfortunately,

there are a limited nurnber of orchid aggregations in the TGPP in a given year, thus larger sample

sizes are diff,rcult to obtain. The Canadian WPFO population at the TGPP is rnuch larger than

the populations at smaller, isolated sites in the United States (Westwood & Borkowsky 2004),

thus there is little chance to repeat research efforts on multiple aggregations in the United States.

5.2 Research in Context

While detailed descriptions of the plant community associated with orchid populations in

North Dakota have been published (Sieg & Bjugstad 1994; Wolken et al.2001), prior to this

study, such descriptions had not be published regarding WPFO aggregations in Manitoba.

Overall, the vegetation community associated with the Manitoba population of the WPFO is

broadly similar to the cornmunity associated with the North Dakota population, but there are

differences in the proportion of cover by different taxa (i.e.: forbs, graminoids, and shrubs) and

species cornposition.
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This study provides managers of the WPFO in Manitoba with infonnation critical to the

identification of sites which lray currently harbour orchids or sites which may be used in the

future as places of (re)introduction (Maunder 1992;Pnmack 2006). This infonnation may also

be useful as baseline data if areas supporting, or which may support, orchids are subject

restoration efforts.

The conservation of pollinator mutualisrns is critical for anirnal-pollinated plant species

which rely on recruitment by seed, such as the WPFO (Nilsson et al. 1992b; Bond 1994). Thus

pollination ecology is a critical factor influencing the population dynarnics of a plant species

such as the WPFO. The results of this study suggested that the mutualisrn existing between the

WPFO and its pollinating sphinx moth species in Manitoba is not affected by the presence of

other nectar sources or anthropogenic light sources such as rural yard iights. The relationship

between the WPFO and its pollinators rnay, however, be affected by larval host plant abundance

and meteorological conditions.

5.3 Future Research

Several potential topics for future research regarding the habitat and pollination ecology

of the WPFO in Manitoba were highlighted by this study.

The present study described the plant cornrnunity associated with the WPFO in Manitoba.

However, the abiotic characteristics of WPFO habitat in Manitoba have not been reported in the

literature. Detailed descriptions of the abiotic features of WPFO habitat, including soil

characteristics and drainage patterns, together with the biotic data of the present study would
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likely enable rnanagers of the WPFO to construct models to identify areas where the WPFO may

be found or (re)introduced (eg: Wolken et al.200l). Long-tenn monitorìng of abiotic variables

coupled with orchid dernographic data may aiso provide insight into factors governing orchid

gowth, donnancy, and reproduction (Sieg & King 1995).

The present study did not address several aspects of the pollination ecology of the WPFO

which may be worth examining in future studies. The first was of methodologicai concern.

While direct observation of noctumal sphinx moth visits to flowers has been used by researchers

to identify visiting/pollinating species or observe visitor/pollinator behaviour (e.g., Eisikowitch

& Galil 1971 ; del Rio & Búrquez 1986; Suzán et al. i 994; Johnson 1 995; Willmott & Búrquez

1996; Johnson et a|.2005), direct observation of a sufficient number of flowers to render the data

statistically robust and allow conclusive statements would have been difficult due to the swift

flight and nocturnal habit of the moths. Thus proxy Íreasures have often been used to measure

sphinx rnoth visitation rates (eg: Cruden et al.I976; Pleasants & Moe 1993; Cuthrell1994;

Borkowsky 2006). Seed capsule production has been used in several studies to rneasure

pollinator visits to the WPFO (Pleasants & Moe 1993; Cuthrell 1994; Borkowsky 2006; the

present study). It is unknown, however, if this measure accurately reflects sphinx moth visits. It

is unlìkely that all r,isits to the WPFO by sphinx moths will result in pollination. In cases where

pollination does not occur, seed capsules would not develop. Seed capsules were counted at

least several weeks after the bloorn period of the WPFO. There was the potential that sorne seed

capsules may have been abofied and not develop prior to counting. This would reduce the

measured rate of seed capsule production which would then not accurately reflect sphinx rnoth

visits. Seed capsule production may also be linked with factors other than pollination, such as
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resource availability at a given site. Controlled laboratory experiments to determine the ratio of

visits to seed capsules may alleviate these problems, but also have considerable challenges to

overcome (eg: growing the WPFO in the gleenhouse and simulating field conditions). Measures

of visitation not dependant on poliination would also avoid these ploblems. Such lrìeasures,

however, may have problerns of their own. The results of the present study suggest that two

ûleasures not reliant on pollination - the presence/absence of moth scales and pollinada removal

- do not accurately reflect sphinx rnoth visitation to the WPFO in Manitoba.

Determining the effect of larval host plant abundance at given site on the level of sphinx

rnoth activity, including foraging, atthal site would allow managers to irnplement strategies to

conserve sphinx moth populations in or near WPFO habitat. Larval host piants for the wild

cherry sphinx were not found in the present study area (except for one plot). To some degree

this lack of larval resources may lirnit the abundance and/or activity of the wild cherry sphinx in

the vicinity of WPFO in the TGPP. While larval hosts for the galiurn sphinx were present in the

study area, their abundance at a site did not reflect the rate of orchid seed capsule production at

that site. While this may reflect reality, the relatively small number of sites in the present study

does not allow fim conclusions. Controlled laboratory and/or field experirnents involving the

rnanipulation of larval host plant abundance at more sites would likely be helpful in examining

the relationship between larval host plant abundance and WPFO pollinator visitation rates.

Record of similar experiments was not found in the literature.

No specimens of the sphinx moth pollinators of the WPFO were caught in the present

study, though they have been trapped at the TGPP in other years (Westwood & Borkowsky
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2004). The factors controlling this ternporal variation are unknown. A systematic sphinx rnoth

sampling regirne caried out over rnultiple years may help detennine which factors, both spatial

and temporal, affect patterns of sphinx moth abundance at the TGPP. The rnajor disadvantage of

such a survey is that given the amount of time and effort necessary to conduct the survey, only

destructive sarnpling would be a realistic option and this lnay relrove scarce but critical

pollinators frorn the TGPP. Potential factors influencing sphinx moth abundance at the TGPP

rnay include the various agricultural activities which occur around the preserv e (Suzân et al.

1994; Ricketts et al.200l) or meteorological variables (Butler eÍ a/. 1999;Intachat et a|.2001).
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6. CONCLUSIONS

(1) In Manitoba, the plant community associated with the WPFO is broadly similar to the

sedge meadows associated with WPFO in other parts of its range. Within Manitoba,

meadows with the WPFO are relatively sirnilar, though inter-site differences in

diversity and composition do occur. Each site was dorninated by graminoids,

including sedges (Carex spp.), rushes (Jmtctts spp.), and grasses. In addition, the

sites shared a moderate nurnber of forb and graminoid species. The most abundant

forbs were Galimt boreale, Fragaria virginiana, and Hltpoxis ltirsuta.

(2) Variation in plant cornrnunity composition within sites was moderate and not related

to distance from orchid bed centre. Species diversity tended to be similar between

distances both across and within sites, and ordination methods did not find a

si gnificant di fference in community cornpo sition between di stances.

(3) The nurnber of seed capsules produced per flower by the WPFO varied spatially (i.e.:

between sites) and temporally (i.e.: between years at the sarne site). The rate of seed

capsule production in this study tended to be higher than in previous studies of the

WPFO in Manitoba.

(4) The variation in seed capsule production is poorly explained by the abundance and

distribution of nectar sources and larval hosts of the pollinators at the sites, the

abundance and visibility of anttu'opogenic light sources visible from the sites, or

meteorological conditions.
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APPET{DIX 1

A) Percent cover of herbaceous species in each piot. Plot codes: 152: site one, south transect,
second distance interval (ie: at 50 rn).

Vegetation Type
Graminoid Forb

Plot
1S1 1S2 1S3 '1S4 1E1 1E2 'lE3

Achillea millefolium
Agropyron spp.
Andropogon gerardi
Anemone canadensis
Antennaia spp.
Apocynum cannabinum
Arctium spp.
Argrostis stolonifera
Asc/epr,as spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Eromus spp.
Calamagrostis spp.
C a m pa n u I a rotu n d ifo I i a
Carex spp.
Cirsium spp.
Comandra umbellata
D e sch a m p si a caesplfosa
Eleocharis spp.
Equisetum aruense
Equisetum hymale
Equisetum spp.
Frageria virginiana
Galium boreale
Gentiana andrewsii
Glyceria striata
Glycyrrhiza lepidota
Grass 1

H e I i anth u s I aetiflo ru s
H el i anth u s maxi m i li ani i
Helianthus spp.
Forb 1

Forb 2
Hieracium spp.
Hierochloe odorata
Hypoxis hirsuta
Juncus balticus
Juncus spp.

X

X

X

X

0 0 0 1.00 0 0.25 0.50
00000.5000
0 0 0 0 1.00 0.50 0
0000000
0000000
0000000
0000000

3.00 1.75 1.75 3.50 0 2.00 2.25
0000000
0000000
0000000
0000000
0000000
0000000

1.50 1.25 0.25 0.75 1.00 0.75 0
0000000

52.00 56.00 44.25 40.25 39.5 30.75 10.25
00.2500000
0000000

'1.00 0.75 2.00 0.25 0 2.75 0.75
2.50 3.50 1.75 0.50 0 5.25 2.75
0000000
00000.5000
0000000

0.50 2.50 1.50 6.50 0 1.00 0
0 1.00 0.50 1.25 0 0.50 0
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000.25
0000000
0000000
0000000
00000.502.502.00

2.O0 1.25 1.50 0 3.s0 0.75 0
0 0.25 1.00 0.50 0 0.50 0

X

X

X

x
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Vegetation Type
Graminoid Forb

PlotSpecies 1S1 1S2 1S3 1S4 1E1 1E2 1E3
Lathyrus spp.
Liafrs spp.
Lobelia kalmii
Lycopus asper
Ly si m ach i a q u ad riflo ra
Lysi machi a thyrsifl ora
Medicago Iupulina
Medicago sativa
Melilotus alba
M u h le n be rgí a g lo me rata
Panicum lanuginosa
Parnassia palustris
Ped i cu I ari s canad e nsi s
Ped i cu I ari s I a n ceol ata
Pefasifes sagittatus
Phalaris arundinacea
Phleum pratense
Physostegia vi rginiana
Platanthera praeclara
Poa spp.
Poaceae
Potentilla anserina
Prunella vulgaris
Rubus pubescens
Sanicula marilandica
Senecio pauperculus
Sisyrinchium montanum
Solidago canadensis
Solidago graminifolia
Solidago nemoralis
Solidago ptarmicoides
Solidago rigida
So/idago spp.
Spartina gracilis
Spi ra nthes rom anzoffi an a
Sporobo/us hete ro I e pi s
Taraxacum officinale
Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

0000000
0 0 0 0 0.50 0.25 1.25
0000000

2.50 0.50 2.00 0.25 0 2.50 1.75
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000

2.00000000
0 0.50 0 0.25 1.50 0.25 0

35.00 8.00 9.50 7.00 28.50 38.50 36.50
0000000
0000.25000
0000000
0000000
00.2500 0 0.50 1.00

0.500.2500.25000,75
0000000
0000000
0000000
0 0 0 0.50 0 1.25 1.00
0000000
0002.0000.500.50

0.5000.500000
0000000
00.2500.25000
0000000
0 0 0 1.25
0000
0000
0000

0 0 0.25
0 0.25 0
000
000

0000000
0.50 0 1.00 1.25 2.50 1.25 1.25

0000.75
0000

000
000
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Plot
Species 184 1E5 186 1N1 1N2 1N3 '1N4 1N5 1N6 1W1

Achillea millefolium 00.5000 0 0 0.50 0.25 0 0

Agropyronspp. 0 0 0 0 0 0 0 0 0 0

Andropogon gerardi 06.5000000000
Anemonecanadensis 0.75 0.25 0 0 0 0 0 0 0 0
Antennaria spp. 0 0 002.0000000
Apocynumcannabinum 0 0 0 0 0 0 0 0 0 0
Arctiumspp. 0 0 0 0 0 0 0 0 0 0

Campanularotundifolia 0 0.25 0 0 0 0 0 0 0 0

Argrostis stolonifera
Asc/epias spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrostis spp.

Carex spp.
Cirsium spp

Frageria virginiana
Galium boreale

Grass 1 0 0
Helianthus laetiflorus 0 0
Helianthus maximilianii 0 0

Juncus baltícus
Juncus spp.

0 1.00 0 0.25 0 0 0 0
00000000
00000000

0 3.25 0 7.00 1.00 3.75 1.25 1.50 1.50 0.50
0000000000
0000000000
0000000000
0000000000
00.2500000000
0000000000

0.25 0 2.50 2.00 6.75 1.00 5 2.75 0.25 1.00

40.25 3.75 54.25 21.50 27.25 28.75 26.50 23.25 28.50 41.00
0 0 0 0.2s 1.7s 0 0 0

0.50 1.00 0 0 0 2.00 2.50 2.25 1.00 1.00
2]5 7.25 0]5 0 o 1.00 o 0.25 1.50 0

Comandraumbellata 0 0 0 0 0 0 0 0 0 0
Deschampsia caespitosa 0.25 0 0.75 2.00 1.50 0.25 1.75 0.25 0.25 3.00
F/eocharis spp. 0.25 0 6 0.50 1.00 0.50 3.50 7.75 0 1.50
Equisetumaruense 0 0 0 0 0 0 0 0 0 0
Equisetumhymale 0 0 0 0 0 0 0 0.25 0 0.50
Equisetumspp. 0 0 0 0 0 0 0 0 0 0

Gentianaandrewsii 0 0 0 0 0 0 0 0 0 0
Glyceriastriata 0 0 0 0 0 0 0 0 0 0
Glycynhizalepidota 0 0 0 0 0 0 0 0 0 0

Helianthus spp.
Forb 'l

Forb 2
Hieracium spp.
Hierochloe odorata
Hypoxis hirsuta 0 0 0 1.00 1.00 0 0 0.25 0 0.50

0.25000000000
0 0 0 0. 0 0 0 0 0 0
08.7500000000
0000000000
00.2500000000

0.50 0.50 10.5 0 8.00 1.25 8.25 2.25 1.25 0
0 0.50 0.25 1.00 0.75 0.75 2.00 1.50 0.50 0.50
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184 '1E5 1E6 '1N1 1N2 1N3 '1N4 1N5 1N6 1W1
Lathyrus spp.
Liafn's spp.
Lobelia kalmii

0000000000
0000000000
0 0 0 0.50 0.75 0 0 1.50 0 0.50

Lycopusasper 0 0 0 0 0 0 0 0 0 0
Lysimachia quadriflora 2.50 0 1.75 0 1.25 2.25 2.00 0.75 1.00 1.S0
Lysimachiathyrsiflora 0 0 0 0 0 0 0 0 0 0
Medicagolupulina 0 0 0 0 0 0 0 0 0 0
Medicagosativa 0 0 0 0 0 0 0 0 0 0
Melilotusalba 0 0 0 0 0 0 0 0 0 0
Muhlenbergiaglomerata 0 0 0 0 0 0 0 0 0 0
Panicumlanuginosa 0 0 0 0 0 0 0 0 0 0
Parnassiapalustris 0 0 0 0 0 0 0 0 0 0
Pediculariscanadensis 0 0.25 0 0 0 0 0 0 0 0
Pedicularis lanceolata 0 0
Pefasifes sagittatus 0 0
Phalaris arundinacea 0 0
Phleum pratense 0 0
Physostegia virginiana 0 0
Platanthera praeclara 0 0

00000000
00000000
00000000
000000
000000
00.500000

00
00
0 0.50

Poa spp.
Poaceae
Potentilla anserina 0 0
Prunella vulgaris 0 0

Sanicula marilandica
Senecio pauperculus

Solidagocanadensis 0 0 0 0
Solidagograminifolia 0 0 0 0
Solidagonemoralis 0 0 0 0
Solidagoptarmicoides 0 0 0 0
Solidago rigida
So/idago spp.
Sparlina gracilis

Thalictrum spp-
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

0000.25000.250
8.25 20.50 11.00 40.00 33.25 37.25 40.50 32.50 37.00 77.50

Rubuspubescens 0 0 0 0 0 0 0 0 0 0

0 1.50 1.75 0 0 0 0 0
000.250.250000

05.7500000000
00.5000000000

Sisyinchiummontanum 0 0 0 0.50 0 0 200.250
0000

Spiranthesromanzoffiana 0 0 0 0 0 0 0 0 0 0
Sporobolusheterolepis 0 0 0 0 0 0 0 0 0 0
Taraxacumofficinale 0 0 0 0 0 0 0 0 0 0

000000
000000
0 0.25 0 0.25 0 0

0 1.50 0 0 0 0 0 0 0 0
0000000000
000.5000 0 0 0.25 0.25 0

02.750000000.500
0000000000
0000000000
0000000000

0.250.7500000000
0.75 0 0 0 0.50 0.50 0.75 0 0.25 0.50
00.2500000000
04.7500000000
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1W2 1W3 1W4 1W5 1W6 2S1 252 2S3 254 2S5
Achillea millefolium 0.25 0 0 1.25 0 0 0 0 0 0
Agropyronspp. 0 0 0 0 0 0 0
Andropogongerardi 0 0 0 0 0 0 0
Anemonecanadensis 0 0 0 0 0 0 0
Antennariaspp. 0 0 0 0 0 0 0

000
000
0 0.25 0

Apocynum cannabinum
Arctium spp.
Argrostis stolonifera
Asc/epias spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrostis spp.
Campanul a rotundifol i a
Carex spp.
Cirsium spp.

Equisetum hymale
Equisetum spp.
Frageria virginiana
Galium boreale

Hypoxis hirsuta
Juncus balticus
Juncus spp.

00.250000.500000
0000000000
0 0.25 0.50 2.00 2.00 0.50 0.50 2.00 3.75 3.00
0000000000
000
000
000

000000.750.75
0000000
0000000

Comandraumbellata 0 0 0 0 0 0 0 0 0 0
Deschampsia caespitosa 1.25 0.50 1.25 2.75 0.25 0.50 1.25 0.75 0.75 O.25
Eleocharis spp 4.00 2.75 0.50 1.50 0.25 0 0.25 0.25 0.75 0.50
Equisetumarvense 0 0 0 0 0 0 0 0 0 0

0000000000
0000000000

'1.50 1.00 2.25 0 0.25 1.00 1.75 '1.00 0.50 0.50
0000000000

23.25 31.25 42.50 30.75 39.50 44.00 37.75 47.00 15.50 17.50
0000.5000000

00.2500000000
0000000000

0.25 0.75 1.25 1.50 1.00 0 0 2.50 2.75 '1.50

0.50 0 0.25 0.25 0.25 6 6.50 2.00 0 1.25
Gentianaandrewsii 0 0 0 0 0 0 0 0 0 0
Glyceria stiata 0 0
Glycyrrhiza lepidota 0 0
Grass 1 0 0
Helianthus laetiflorus 0 0
Helianthus maximilianii 0 0
Helianthus spp. 0 0
Forbl 0 0
Forb2 0 0
Hieracium spp. 0 0
Hierochloe odorata 0 0

0 0 1.75 0 0 0 0 0
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

000.250 0 1.50 1 0.50 2.25 4.00
10.50 15.50 1.00 7 .50 0 12.50 1.7s 10.00 3.25 0

0 0.50 0.75 1.00 0.25 0.50 0.50 0.50 0.50 0.25
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Species 1W2 1W3 1W4 1W5 1W6 2S1 252 2S3 254 2S5
Lathyrus spp. 00000

00000Liafnsspp. 0 0 0 0 0
Lobeliakalmii 0 0 0 0 0
Lycopusasper 0 0 0 0 0
Lysimachia quadriflora 0.25 0 0.25 0 0
Lysimachia thyrsiflora 0 0
Medicago lupulina 0 0
Medicago sativa 0 0
Melilotus alba 0 0
Muhlenbergia glomerata 0 0
Panicum lanuginosa 0 0
Parnassia palustris 0 0
Pedicularis canadensis 0 0
Pedicularis lanceolata 0 0
Pefasifes sagittatus 0 0
Phalaris arundinacea 0 0
Phleum pratense 0 0
Physostegia virginiana 0 0
Platanthera praeclara 0-25 0

00000
00000
0 3.00 1.00 0 0
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000000
00000000
0 0.25 0 0 0.75 0.75 0.50 1.25

000
000
000
000
000
000
000
000
000
000
000

Poa spp.
Poaceae
Potentilla anserina
Prunella vulgaris 0 0
Rubus pubescens 0 0
Sanicula marilandica 0 0
Senecio pauperculus 0.25 0
Sisyrinchium montanum 0 0

Solidago rígida
So/idago spp.
Sparfina gracilis

00000000
00000000
0 0.25 0 0.50 0.25 0 0 0

0.50 0 1.00 0.75 5.75 0 0 0 0.75 0
47.50 42.50 73.75 40.00 46.25 52.50 66.25 50.00 53.75 28.75

0 0.25 1.25 0 0 0 0 0 0 0
00000000
00000000

Solidagocanadensis 2.00 0 0 0.50 0 0 0 0 0 0
Solidagograminìfolia 0 0 0 0 0 0 0 0 0 0
Solidagonemoralis 0 0 0 0 0 0 0 0 0 0
Solidagoptarmicoides 0 0 0 0 0 0 0 0 0.S0 0

Spiranthesromanzoffiana 0 0 0 0 0

00000
0.750000
0.75000.500

00000
00000
00.25000
000.2500

0 0.25 0.25 0
0000
0000
0000

Sporobolusheterolepis 0 0 0 0 0 0 0 0 0 0
Taraxacum officinale 0 0
Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

00
00
00

00.5000
0000
0000
0000

0000000000
0000000000

2.50 0 0 1.25 0.25 0 0 0.50 0 0.25
0.50000000000
0000000000
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Plot
Species 2N1 2N2 2N3 2N4 2N5 2N6 2W2 2W3 2W4

Apocynumcannabinum 0 0 0 0 0 1.33 0 0 0 0

Achilleamillefolium 0 0 0 0
Agropyronspp. 0 0 0 0
Andropogongerardi 0 0 0 0
Anemone canadensis
Antennaia spp.

0000000000
0.25000000000

0000000000
0.50 0.50 0.25 2.25 1.00 0 0.25 0.25 0 0

00000.5000000
0000000000
0000000000

0000.7500
0000000000
0000000000

1.25 0.50 1,00 4.00 2.75 4.00 2.50 0.50 6.00 6.25
0000000000

45.75 40.50 43.75 27.00 35.75 28.00 39.00 43.00 21.00 17.75

00.5000000000

000000
000000
0 0 0 1.25 0 0

0 0 1.25 0 0
0 0 0 1.50 0

00
00
0 1.00
00

Arctium spp.
Argrostis stolonifera
Asc/epias spp,
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrostis spp.
C am panu I a rotu nd ifol ì a
Carex spp.

Equisetum hymale
Equisetum spp.
Frageria virginiana
Galium boreale

00000
0 2.50 1.25 8.25 0

Crrslumspp. 0 0 0 0 0 0 0 0 0 0
Comandraumbellata 0 0 0 0 0 0 0 0 0 0
Deschampsia caespitosa 1.25 1.00 1.00 1.00 0.50 0.67 2.25 1.50 2.50 1.50
Eleocharis spp 0.50 2.00 4.00 5.75 7 .75 2.33 5.00 1.25 5.00 7.00
Equisetumaruense 0 0 0 0 0 0 0 14.75 0 0

1.25 12.50 2.50 2.25 1.25 0 0 0.25 1 1.50 0
Gentiana andrewsii 0 0 00a.2500000
Glyceriastriata 0 0 0 0 0 0 0 0
Glycynhizalepidota 0 0 0 0 0 0 0 0
Grassl 0 0 0 0 0 0 0 0
Helianthuslaetiflorus 0 0 0 0 0 0 0 0
Helianthusmaximilianii 0 0 0 0 0 0 0 0
Helianthusspp. 0 0 0 0 0 0 0 0

00000000
00000000
0 1.00 1_25 0 0 0 0 0

00
00
00

Forbl 0 0
Forb2 0 0
Hieracium spp. 0 0
Hierochloe odorata 0 0
Hypoxis hirsuta
Juncus balticus
Juncus spp.

2.00 1.50 0.75 2.25 0.75 0 0 0.75 1.50 5.00
0 8.50 10.50 0.50 4.25 0.67 4.50 0 5.00 1s.00
03.50000 0 0.75 0 3.50 0
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Species 256 2N1 2N2 2N3 2N4 2N5 2N6 2W2 2W3 2W4

Lysimachiathyrsiflora 0 0 0 0 0 0
Medicagolupulina 0 0 0 0 0 0
Medicagosativa 0 0 0 0 0 0
Melilotus alba

Lathyrus spp
Liafns spp.
Lobelia kalmii

Solidago rigida 0 0
So/idago spp. 0 0
Spañina gracilis 0 0
Spiranthes romanzoffiana 0 0
Sporobolus heterolepis 0 0
Taraxacum officinale 0 0
Thalictrum spp. 0 0
Trifolium pratense 0 0
Trifolium repens 0 0
Triglochin maritima 0 0
Vicia americana 0 0
Viola nephrophylla 0 0
Zizia aptera
Zizia aurea

0000000
00000.7500

0000.5000

0000
0000
00.5000

0000
00.5000

0000000
00.50000.7500

0000.5000

0000.2500000
000000000
000000000
000000000
000000000
00.500000000

0000000000
57.50 50.00 44.00 40.00 49.75 31.67 46.25 28.25 40.00 45.00

0 0 0 0.75 0.67 1.75 0 0 0

000
000
000

Lycopusasper 0 0 0 0 0 0 0 0 0 0
Lysimachia quadriflora 1.50 '1 .50 3.75 0 0 1.67 3.50 0.25 0 0

Muhlenbergiaglomerata 0 0 0 0 0 0 0 0 0 0
Panicumlanuginosa 0 0 0 0 0 0 0 0 0 0
Parnassiapalustrìs 0 0 0 0 0 0 0 0 0 0
Pediculariscanadensis 0 0 0 0 0 0 0 0 0 0
Pedicularis lanceolata 0

Pefasifes sagittatus 0
Phalaris arundinacea 0
Phleum pratense 0
Physostegía virginiana 0
Platanthera praeclara 0
Poa spp.
Poaceae
Potentilla anserina

Solidagocanadensis 0 0 0 0 0 0
Solidagograminifolia 0 0 0 0 0 0
Solidagonemoralis 0 0 0
Solidago ptarmicoides 0.25 0 0

Prunellavulgaris 0 0 0 0 0 0 0 0 0 0
Rubuspubescens 0 0 0 0 0 0 0 0 0 0
Saniculamarilandica 0 0 0 0 0 0 0 0 0 0
Seneciopauperculus 0 0 0 0 0 0 0 0 0 0
Sisyrinchium montanum 0.50 0 0.25 0.25 0.50 0 0 1.75 2.00 2.75

00000000
002.502.330000
0 0.50 1.00 0 0.50 0 0 0.25
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00.500.2500000

0000000000
0000.25000000
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Species 2W5 2W6 3S1 3S2 3S3 3S4 3S5 356 3E1 3:--'2
Achillea millefolium
Agropyron spp.

Helianthus spp.
Forb 'l

Forb 2
Hieracium spp.
Hierochloe odorata
Hypoxis hirsuta
Juncus balticus
Juncus spp.

0.50 1.75 0.50
000

00000
1.50 3.50 0 0 0

00000
0 6.50 0.50 0 0

00000
0 1.50 0 0 0

0 1.25 0.25 0.75 0.50 0 0.67
0000000

Andropogongerardi 0 0 0 0 0 0 0 0 0 5.67
Anemonecanadensis 0.50 0 0 0 0 0 0 0 0 0
Antennaria spp. 0000.250.2500000
Apocynumcannabinum 0 0 0 0.25 0-50 0 0 0.25 0 0.33
Arctiumspp. 0 0 0 0 0 0 0
Argrostisstolonifera 0 0 0 0 0 0 0
Asc/epras spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrosfrs spp.
Cam pan u I a rotu nd ifol i a
Carex spp.
Cfslum spp.
Comandra umbellata
Deschampsia caespitosa 0.50 0 0.50 0.50 0.75 0.25 0 1.00 2.00 0
Eleocharis spp. 0 0 3.00 5.25 1 .50 3.00 0.75 2.75 4.50 0.33

0000000
0000.25000
0000000
0000000
0000000
0000000

000
0 1.50 3.00
000
0 1.00 0.67
000
0 0 0.33
000
000

1.25 1.00 1.00 0.75 0.25 0.50 0.25 0.75 3.00 0
0000000000

15.75 0 60.00 55.25 42.5 41.75 14.75 58.25 37.5 0.67
0000000000
0 1.50 0 0 0 0 0 0 0 0

Equisetumaruense 0 0 0

Equisetumhymale 0 0 0
Equisetum spp.
Frageria virginiana
Galium boreale
Gentiana andrewsii
Glyceria striata
Glycyrrhiza lepidota
Grassl 0 0 0 0 0
Helianthuslaetiflorus 0 0 0 0 0

0000000
0 0.25 0.25 0 0.25 0 0

4.50 7.50 5.00 1.50 1.25 2.00 3.25 1.75 2.50 0
0000000000
0000000000
0 1.25 0 0 0 0 0 0 0 0

Helianthusmaximilianii 0 0 0 0 0 0 1.75 0 0 0

0.50000000000
0000000000
0000000000
0000000000
000000000.500

0.25 0 0.50 I 1.75 1.00 1.25 1.00 0 0.67
4.50 0 0.50 1.25 5.50 7.25 0 3.00 0.50 0
1.75 0 1.00 0.75 2.75 1.00 0 2.00 0 0.33
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Plot
2W5 2W6 3S1 3S2 3S3 3S4 3S5 356 3E'1 3E2

Lycopusasper 0 0 0 0 0 0 0 0 0 0
Lysimachia quadriflora 0 0 0.50 1.00 1.00 0.75 0 1.00 0 1.67
Lysimachiathyrsiflora 0 0 0 0 0 0 0 0 0 0
Medicagolupulina 0 0 0 0 0 0 0 0 0 0.67

Lathyrus spp.
Liafns spp.
Lobelia kalmii

Medicago sativa
Melilotus alba

Phleum pratense 0
Physostegía virginiana 0
Platanthera praeclara 0
Poa spp.
Poaceae

So/idago spp.
Spartina gracilis

Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla 0 0
Zizia aptera 0 0
Zizia aurea

00.2500000000
0000000000

0 0 0 0.50 0.25 0 0 0 0.33

0 1,25 0 0 0 0 0
00.2500000

000000
000000
0 0.50 0.50 0.25 0 0

0 1.25 0 0 0
00000
00000
00000

2.25 1.50 0 0 0

000
000
0 1.00 0

00.75000
00000
00000
00000
0 1.25 0 0 0

0 0 1.33
0 0 1.00

Muhlenbergia glomerata 0 2.75 0 0 000.25000
Panicumlanuginosa 0 0 0 0 0 0 0 0 0 0.67
Parnassiapalustris 0 0 0 0 0 0 0 0 0 0
Pediculariscanadensis 0 0 0 0 0 0 4.75 0 0 0
Pedicularislanceolata 0 0 0 0 0 0 0 0 0 0
Pefasifessagittatus 0 0 0 0 0 0 1.25 0 0 0
Phalarisarundinacea 0 0 0 0 0 0 0 0 2.00 0

Potentillaanserina 0 0 0 000.250000
Prunellavulgaris 0 0 0 0 0 0 0 0 0 1,00
Rubuspubescens 0.25 8.50 0 0 0 0 0 0 0 0
Saniculamarilandica 0 0.50 0 0 0 0 0 0 0 0
Seneciopauperculus 0 0 0 0 0 0 0 0 0 O

Sisyinchiummontanum 0.25 0.25 0.50 0 0 0 0 0 0 0.67
Solidagocanadensis 0 0 0 0.25 0 0.50 1.00 0 0 0

2.75 1.75 0 0 0 0 0 0 0 0.33
20.00 17.50 15.00 17.50 27.50 21.25 48.75 57.50 37.50 41.67

00
0 0.67
0 1.33

0 1.25 0 0 0 0 0 0 0 0
5.75000.25000000

Solidagograminifolia 0 0 0 0 0 0 0 0
Solidagonemoralis 0 0 0 0 0 0 0 0
Solidagoptarmicoides 0 0 0 0.50 0 0.25 0 0
Solidagorigida 0 0 0 0 0 0 0 0 0 0

Spiranthesromanzoffiana 0 0 0 0 0 0 0 0 '1.00 0
Sporobolusheterolepis 0 0 0 0 0 0 0 0 0 0
Taraxacumofficinale 0 0 0 0 0 0 0 0 0 0

00000000
00.25000.25000

3.759.0000000000
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Species 3E3 3E4 3E5 3E6 3N1 3N2 3N3 3N4 3N5 3N6
Achillea millefolium 0 0.75 0.25 0 0.50 0
Agropyronspp. 0 0 0 0 0 0
Andropogongerardi 0 0 0 0 0 0

Anemone canadensrs
Antennaria spp.
Apocynum cannabinum
Arctium spp.
Argrostis stolonifera
,Asciepias spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrostis spp.

Carex spp,
Cr'rslum spp.

Frageria virginiana
Galium boreale
Gentiana andrewsii 0
Glyceria striata 0
Glycyrrhiza lepidota 0
Grass I 0
Helianthus laetiflorus 0
Helianthus maximilianii 0
Helianthus spp. 0
Forb 1 0
Forb 2 0
Hieracium spp. 0
Hierochloe odorata 0
Hypoxis hirsuta
Juncus balticus
Juncus spp.

0000
0000
00.2500

00.2500
0000
0 11.75 0.50 0

00000
00000
0 0.25 0 1.25 0

Campanularotundifolia 0 0 0 0 0 0 0 0 0 0

0000000000
0 5.50 0 '1.00 0 0 0 0 0 0

0004.50000
0000000000

7.00 13.00 7 .50 7 .75 1.00 0 1 .00 8.50 2.00 0
0000000000
00.250.500000000
0
0

0 0 0 2.50 0 0.50 '1.50 2.00 8.00
0004.500

0000000000
0000000000.25

0.25 0.75 0.50 0.25 2.00 0 6 0 0 0

2s.50 9.00 33.75 19.25 39.00 47 .25 22.50 11.s0 34.75 26.75
000.500000000

0 0.50 2 1 .25 0 1.50 4.00 13.00 0 0
0]5 6.75 2.50 r.50 6.00 1.00 0.25 0.25 o 0.25

Comandraumbellata 0 0 0 0 0 0 0 0 0 0
Deschampsia caespitosa 6.25 4.00 3.25 3.00 1.50 1.50 2.75 0.25 0.25 0
E/eocharls spp. 38.75 0 38.75 20.00 0 0.50 0.25 6.75 1.25 0
Equisetumarvense 0 0 0 0 0 0 0 0 0 0
Equisetumhymale 0 0 0 0 0 0 0 0 0 0
Equisetumspp. 0 0 0 0 0 0 0 0 0 0

000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

0.25 0 0.50
0 0 1.75

0 0 2.00 2.00 0.25 0 0
0 3.50 2.50 18.75 0 13.50 2.50

8.25 28.25 7.25 7.50 1.00 0 0 0 0 0
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Species 3E3 384 385 3E6 3N1 3N2 3N3 3N4 3N5 3N6
Lathyrus spp.
Lrafns spp.
Lobelia kalmii
Lycopus asper
Lysimachia quadriflora 0.50 0 1.00 0.25 0 3.50 0.25 0 0 0

0000000000
0000000000
00.2500000000
0000000000

Lysimachia thyrsíflora 0
Medicago lupulina 0
Medicago sativa 0
Melilotusalba 0 0 0
Muhlenbergiaglomerata 0 0 0
Panicum lanuginosa
Parnassia palustris
Ped i cu I ari s ca n ad e n si s
Ped i cu I ari s I anceol ata
Petasifes sagiffafus
Phalaris arundìnacea 0 0
Phleum pratense 0 0

Platanthera praeclara
Poa spp.
Poaceae
Potentilla anserina

000000000
0000000.2500
0 0.50 0.50 1.00 0 0 0.25 0 0.25

0 1.00 0 0.25 0.25 0 0.25
0000000

00.500.750.25000000
0000000000
0000000000
0000000000
0000000000

Physostegiavirginiana 0 0 0 0 0 0 0 0 0 0

0012.5000000
0 0.25 0 0 0.25 0 0.50 0

0000.750.75000
0.50 2.50 0.75 9.25 8.50 0 1.00 0.50 0.50 16_25

16.25 35.00 20.00 35.50 46.00 10.75 19.00 39.00 11.75 58.75
0 0 0 4.00 0 0 0 1.00 0

Prunellavulgaris 0 0 0 0 0 0 0 0 0 0
Rubuspubescens 0 0 0 0 0 0 0 0 0 0
Saniculamarilandica 0 0 0 0 0 0 0 0 0 0
Senecio pauperculus '1.00 3.00 O O.SO 0 0 0.25 0 0 O

Sisyrinchium montanum 1.00 1.25 0 0.50 0 0.50 0.75 0.50 0 0
Solidagocanadensis 0 0 0 0 0 0 0 0 0 0
Solidagograminifolia 0 0 0 0 0 0 0 0 0 0
Solidagonemoralis 0 0 0 0 0 0 0 0 0 0
Solidago ptarmicoides 0 0 00.2500.2s0000
Solidago rigida
Soüdago spp.

0000
1.25 0 1.00 0

0 0.25 0.50 1.00 0 0
0000.250

Sparlinagracilis 0 0 0
Spiranthesromanzoffiana 0 0 0
Sporobolusheterolepis 0 0 0
Taraxacumofficinale 0 0 0
Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

0 1.00 0.75 1.25 0 0 0
0000000
0000000
0000000

000.250.50000000
0000000000
0 1.00 0 0 0 0 0 0 0 0
0000000000

0000.75000
1.25 0.75 0.75 1.75 0 0 1.75 0 0 0
0000000000
0000000000

132



PIot
3W'l 3W2 3W3 3W4 4S1 452 4S3 454 4S5 456

Achilleamillefolium 0 0 0 0 0 0 0 0 0 0
Agropyronspp. 0 0 0 0
Andropogongerardi 0 0 0 0
Anemonecanadensis 0 0 0 0
Antennariaspp. 0 0 0 0
Apocynumcannabinum 0 0 0 0
Arctium spp.
Argrostis stolonifera
Asc/epras spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrostis spp.
Campanularotundifolia 0 0 0 0 0 0 0 0 0 0
Carex spp. 13.00 12.0031.000000000

00.500000
000000
000000
000000
000000

0 0 0 1.33 0 0 0 0 0 0
04.6700000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

1.00 2.33 0.75 0 0.50 1.00 0 0.75 0.75 6.33

Deschampsia caespitosa 2.50 3.33 4.00 0 0.50 0.50 1.50 2.25 1.00 8.67
Eleocharis spp. 2.00 1.33 3.00 0 2.50 3.00 25.00 12.75 7.25 0
Equisetumaruense 0 0 0 0 0 0 0 0 0 0

Cirsium spp. 0 0
Comandra umbellata 0 0

Equisetum hymale
Equisetum spp.
Frageria virginiana
Galium boreale

0 19.33 0 0 0 0 0 0
00000000

000.500000000
0000000000
00000

4.00 0.67 3.00 0 0
00000
o 2.oo 0.25 0 0

Gentianaandrewsii 0 0 0 0 0 0 0 0 0 0
Glyceriastriata 0 0 0 0 0 0 0 0 0 0
Glycyrrhiza lepidota 0 0
Grass 1 0 0
Helianthus laetiflorus 0 0
Helianthus maximilianiì 0 0
Helianthus spp. 0 0
Forbl 0 0
Forb2 0 0
Hieracium spp. 0 0

Hypoxis hirsuta
Juncus balticus
Juncus spp.

0 0 0 0 0 1.25 0 0
00000000
00000000
00000000
00000000
00000000
00000000
02.67000000

0.50 1.00 1.00 0 0 0 1.00 7.00 0.25 0
2.0Q 20.00 2.00 0 5.00 8.00 1 .00 1 .75 7 .50 1 '1 .s3

0 0 3.50 0 20.00 '1.00 0.50 0.25 0.75 0.67

Hierochloeodorata 0 0 0 0 0 0 0 0 0.25 0
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Species 3W1 3W2 3W3 3W4 4S1 452 4S3 454 4S5 456

Lysimachia quadriflora 0.50 1.67 2.00 0 0 1.00 0 1.25 1.25 0
Lysimachiathyrsiflora 0 0 0 0 0 0 0 0 0 0
Medicago lupulina
Medicago sativa
Melilotus alba
Muhlenbergiaglomerata 0 0 0 0 0 0 0 0 0 0

Lathyrus spp.
Liafns spp.
Lobelia kalmii
Lycopus asper

Panicum lanuginosa
Parnassia palustris

Solidago graminifolia
Solidago nemoralis

Solidago rigida
So/idago spp.
Sparlina gracilis

Thalictrum spp.
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

0000000000
0000.33000000
0 0 0 21.67 0 0 0 0 0 0

0000000000
0000000000

0 0 0 1.00 0 0 0 0 0 0
50.0043.3330.0025.00 0 0 0 0 0 0

000000000.250
0000000000
0 0 0 1.67 0 0 0 0 0 0
0000000000

0000000000
0000000000

0000000000
0000000000
0 0 0 0 0.50 0.50 0.50 0.75 0.25 0
000000.500000

0000000000
00.670.250000000
0 1.33 0 0 0 0 0 0 0 0

0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

Pediculariscanadensis 0 0 0 0 0 0 0 0 0 0
Pedicularislanceolata 0 0 0 0 0 0 0 0 0 0
Pefasites sagittatus 0000000000
Phalarisarundinacea 0 0 0 0 0 0 0 0 0 0
Phleum pratense 0000000000
Physostegiavirginiana 0 0 0 0 0 0 0 0 0.50 0
Platanthera praeclara 1.00 1.33 0.50 0 0.50 0 0 0.25 0 0
Poa spp.
Poaceae
Potentilla anserina
Prunella vulgaris
Rubus pubescens
Sanicula marilandica
Seneciopauperculus 0.50 0 0 0 0 0 0 0 0 0
Sisyrinchiummontanum 0 1 0:25 0 0 0 0.50 1.00 0 0
Solidagocanadensis 0 0 0 0 0.50 0 0 0.25 1.00 0

Solidagoptarmicoides 0 1.33 0 0 0 0 0 0 0 0

Spiranthesromanzoffiana 0 0 0 0 0 0 0 0 0 0
Sporobolusheterolepis 0 6.67 0 0 0 0 0 0 0 0
TaraxacumoffÌcinale 0 0 0 0 0 0 0 0 0 0

134



Species 4N1 4N2 4N3 4W1 4W2 4W3 4W4 4W5 4W6
Achillea millefolium
Agropyron spp.
Andropogon gerardi
Anemone canadensis
Antennaria spp.
Apocynum cannabinum
Arctium spp.
Argrostis stolonifera
,Asc/eplas spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Bromus spp.
Calamagrosfrs spp.
Campanula rotu nd ifol ia
Carex spp.
Clrsrum spp.
Comandra umbellata
De sc h am psi a cae spito sa
Eleocharis spp.
Equisetum arvense
Equisetum hymale
Equisetum spp.
Frageria virginiana
Galium boreale
Gentiana andrewsii
Glyceria striata
Glycyrrhiza lepidota
Grass 1

Helianthus Iaetiflorus
Hel ianthu s maximil ianii
Helianthus spp.
Forb 1

Forb 2
Hieracium spp.
Hierochloe odorata
Hypoxis hirsuta
Juncus balticus
Juncus spp.

0 0 0 0 0 0 0 0 1.33
0 0 0 0 0 '1.00 0 0 0

000000.5003.750.67
000000000
0 0 0 0 0 0 0 10.00 '1.00

0 0 0 0 0.33 0.50 1.33 0.75 0.33
000000000
000000000
000000000
000000000
00000000.500
000000000
000000000
000000000

1.00 7.00 0 0 2.00 0.25 2 0 0
000000000

63.00 61 .67 52.50 67.00 53.33 12.00 10.33 15.50 33.33
000000000
000000000

1.00 0.33 1.00 1.00 3.00 2.25 4.67 1.25 1.00
7.50 4.33 4.00 3.00 5.67 0 1.00 0.25 0.33

00.67000004.250
000000000

0.5000000000
000000000.33
0 0 0 0 0 0.25 1.67 0.50 2.67
0000000.3300
000000000
000000000
000000000
000000000
000000000
000000.2500.500.67
000000000
000000000
000000000
000000.50000
0 0 0.50 0.50 0.33 17.25 2.00 0.75 1.33
o 11 .67 15.00 13.50 0 0 0 0 0.67

10.00 8.33 16.00 0 1.33 0 0 0.25 0.33
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Species 4N1 4N2 4N3 4W1 4W2 4W3 4W4 4W5 4W6

Lysimachia quadriflora 1.00 0.33 0 0 0.33 0 1.33 1.00 4.00
Lysimachiathyrsíflora 0 2.67 0 0 0 0 0 0 0
Medicagolupulina 0 0 0 0 0 0 0 0 0
Medicagosativa 0 0 0 0 0 0 0 0 û
Melilotusalba 0 0 0 0 0 0 0 0.25 0
Muhlenbergiaglomerata 0 0 0 0 0 0 0 0 0
Panicumlanuginosa 0 0 0 0 0 0 0 0 0
Parnassiapalustris 0 0 0 0 0 0 0 0.25 0
Pediculariscanadensis 0 0 0 0 0 0 0 0 0
Pedicularislanceolata 0 0 0 0 0 0 0 0.25 0.33
Pefasifessagittatus 0 0 0 0 0 0 0 0 0
Phalarisarundinacea 0 0 0 0 0 0 0 0 0
Phleumpratense 0 0 0 0 0 0 0 0 0
Physostegiavirginiana 0 0 0 0 0 0 0 0 0
Platantherapraeclara 1.00 0 0 1.00 0.33 0 0 0 0

Lathyrus spp.
Lrafns spp.
Lobelia kalmìi
Lycopus asper

Poa spp.
Poaceae
Potentilla anserina
Prunellavulgaris 0 0 0 0
Rubuspubescens0000
Saniculamarilandica 0 0 0 0
Seneciopauperculus 0 0 0 0
Sisyrinchiummontanum 0 0 0 0

Solidago rigida
So/rdago spp.
Sparfina gracilis

000000000
000000000
0 0 0.50 0.50 0.67 0.75 1.33 0.50 0
0000.5000000

0000000.3300.33
10.00 9.67 9.00 1.50 0 49.25 49.00 18.25 18.33
0 0 2.50 0 0 0.75 2.67 9.75 0

Solidago canadensis 0 1.00 0 0 0 0 0 0 0

0 0 1.00 0 1.00
00000
00000
0000.250
0 8.50 0.67 0 0

0 0 0 1.00
3.00 1.33 0.50 1.00 0.67 0.50 0.33 0 0
1.00 0 0 0 0 0 0 0 0

000.50000000
000000000

0 0 0 0.25 0.67 0.25 0.67
00000.500
000000

Solidagograminifolía 0 0 0 0 0 0 0.33 0 0
Solidagonemoralis 0 0 0 0 0 0 0 0 1.33
Solidagoptarmicoides 0 0 0 0 0 0 0 0 0.33

Spiranthesromanzoffiana 0 0 0 0 0 0 0 0 0
Sporobolusheterolepis 0 0 0 0 0 0 0 0 0
Taraxacumofficinale 0 0 0 0 0 0 0 0 0
Thalictrumspp. 0 0 0 0 0 0 0 0 0
Trifoliumpratense 0 0 0 0 0 0 0 0 0
Trifoliumrepens 0 0 0 0 0 0 0 0 0
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

0
0

00
00
00
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B) Percent cover of shrub species in each plot.

Species 1S1 1S2 1S3 1S4 1E1 1=2 183 184 1E5 1E6
Alnus incana
Amelanchier alnifolia
Apocy n u m a nd rosae mifol i u m
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.
Sa/x spp.
Shepherdia canadensis
Shrub 1

Shrub 2
Shrub 3
Shrub 4
Shrub 5
Shrub 6
Shrub 7

00.2500.50000000
0000000000
0000000000
0 0 0 7.50 0 '1.50 2.50 24.5 0 0.25
0000.500000
0000000012.250
0000000000
0 1.00 0.25 2.00 0 0.25 2.00 2.00 2.50 0.25
0000000000
0 4.75 2.00 1.50 0 8.50 0.50 3.25 2.O0 0.25

7.50 5.75 19.25 4.50 17 .5 13.00 31.25 2.O0 0 1.25
0000000000
0 0 0 0 0 0 0 0.25 1.25 0
0 0.50 0.25 0.50 0 0.25 0 1.25 0.25 0.50

0.50 3.25 5.00 1.25 0 3.25 2.00 5.00 2.00 2.25
0000000000
0000000000
00.5000000000
00.5000000000
0000000000

00000.2500
0000000

000
000
000

Species 1N1 1N2 '1N3 1N4 1N5 1N6 1W1 1W2 1W3 1W4
Alnus incana
Amelanchier alnifolia
Apocy nu m and ro saemifol i u m
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.
Saix spp.
Shepherdia canadensis
Shrub '1

Shrub 2
Shrub 3
Shrub 4
Shrub 5
Shrub 6
Shrub 7

0000000000
0000000000

000
000
000

000000
0 0 1.25 0 0 0

0 0 0.50 0 8.33 '1.00 0 0.50 0 0.50
0000000000
0000000000
0 0.33 0.50 0 0 '1.00 0 0.50 0 0
00000003.0000

0.50 0 4.75 3.75 8.33 8.00 4.50 23.00 2.75 2.75
20.00 18.33 10.50 15.00 15.00 '10.50 4.00 13.75 35.75 4.00

0000000000
0000000000
0 0 0 0.50 1.33 0.25 0 0.25 4.75 0.50

0.50 2.33 5.00 4.50 7.33 1.00 2.00 0.75 0.75 1.00
0000000000
0000000000
0000000000
0000000000
0000000000

00002.5000
0000000

0000
00.2500
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Species
1W5 1W6 2S1 252 2S3 254 2S5 256 281
000000000

0.5000000000
000000000

2.503.25000000.250
1.00 9.25 0 0 0 0 0 0 0
000000000
000000000
0000000.5000
000000000

1.75 1.50 0 0.50 1.75 1.00 0.75 0 0
14.25 9.00 1.00 1.75 3.50 4.50 13.5 5.75 5.50
000000000
0000006.7500

0.50 1.25 0.50 0.75 0.50 0.50 0.25 0.50 0
7.75 6.50 1.50 1.00 0.25 1.75 1.75 0.50 0
000000000
00.250000000
000000000
000000000
000000000
000000000
000000000
000000000

Alnus incana
Amelanchier alnifolia
Apocy n u m a n d ro sae m ifol i u m
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.
Sa/x spp.
Shepherdia canadensis
Shrub 1

Shrub 2
Shrub 3
Shrub 4
Shrub 5

Shrub 6

Shrub 7

Species 2E2 2E3 284 285 2E6 2N1 2N2 2N3 2N4
Alnus incana
Amelanchier alnifolia
Apocy n u m a nd ro sae m ifol i u m
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.
Sa/x spp.
Shepherdia canadensis
Shrub 1

Shrub 2
Shrub 3
Shrub 4
Shrub 5

Shrub 6
Shrub 7

000000000
000000000
000000000
00.500000000

0.25000.2500000
000000000
000000000
0 0.25 0 1.00 0 0 0 0.75 0
000000000

1.50 1.25 0 0 0 0 0.75 0 0
5.00 2.00 0.50 3.50 6.25 2.00 3.25 10.75 3.75
000000000
000000000

0.75 0.50 0 0.75 0 0 0.75 0 2.50
1.00 5.25 13.75 0.75 3.00 0.50 7.00 7.50 9.75
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
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Species 2N5 2N6 2W1 2W2 2W3 2W4 2W5 2W6 3S1
Alnusincana 0 0 0 0 0 0
Amelanchieralnifolia 0 0 0 0 0 0
Apocynumandrosaemifolium 0 0 0 0 0 0

000
0 1.25 0
0 0.50 0

Betula pumila
Cornus stolonifera
Corylusamericana 0 0 0
Coryluscornuta 0 0 0
Elaeagnuscommutata 0 0 0
Populusbalsamifera 0 0 0
Populustremuloides 0 0 0
Potentilla fruticosa
Prunus spp.

Rosa spp.
Sa/x spp.

0000000
000012.750.750

00
00

000000
000000

Quercusmacrocarpa 0 0 0 0 0 0 2.00 6.25 0

000000
000000
00.750000

0 0 0.50 0.25 2.75 0.25 0.75 0 8.50
0 0 0 1.25 0

002.00000.25000.50
18.25 9.00 10.00 0.75 6.00 1 .25 13.25 0.50 2.50

000
000
0 14.25 0

Shepherdiacanadensis 0 0 0 0 0 0
Shrubl 0 0 0 0 0 0
Shrub2 0 0 0 0 0 0
Shrub3 0 0 0 0 0 0
Shrub4 0 0 0 0 0 0
Shrub5 0 0 0 0 0 0
Shrub6 0 0 0 0 0 0
ShrubT 0 0 0 0 0 0

000
000
000
000
000

Species 3S2 3S3 3S4 3S5 356 3E1 3F.2 3E3 3E4
Alnus incana
Amelanchier alnifolia
Apocynum androsaemifolium 0
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.
Sa/x spp.
Shepherdia canadensis
Shrub 1

Shrub 2
Shrub 3
Shrub 4
Shrub 5

Shrub 6

Shrub 7

00000000
000.500.500000

000000000
000000000
0005.0000000

0.250.2500.2500000
000000000
0002.250.5000.2500

2.50 0.75 2.75 1.75 0.50 0.50 0.75 0 0.25
000000000
000000000

0.250.75000.5000.5000.50
2.50 1.75 1.25 0.50 3.00 9.00 0.50 0 0
0000.2500000
000000000

000000000
000000000

000000000
000000000
000000000
000000000
000000000
000000000
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Species 3E5 3E6 3N1 3N2 3N3 3N4 3N5 3N6 3W1
Alnus incana
Amelanchier alnifolia 0 0

Apocynum androsaemifolium 0 0
Betula pumila
Cornus stolonifera
Corylus americana
Corylus cornuta
Elaeagnus commutata
Populus balsamifera
Populus tremuloides
Potentilla fruticosa
Prunus spp.
Quercus macrocarpa
Rosa spp.

0 0.50 0 4.00 0.50 0.50 0

00
00
00
00
00
00
00
00
00

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00
00
00
00
00
00
00

0000000
0000000
0000000
0000000
0000000
0000000

00
0 4.00

Sa/lx spp. 0 0
Shepherdia canadensis 0 0
Shrub 1 0 0
Shrub 2 0 0
Shrub 3 0 0
Shrub 4 0 0
Shrub 5 0 0
Shrub 6 0 0
Shrub 7 0 0

0000000
0000000
0 0.25 0.50 3.25 19.25 0.50 4.00
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Apocynum androsaemifolium 0 0
Betula pumila
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APPENDIX 2

A) Scores of species on the first six PCA axes.

Species
Axis

PCAl PCA2 PCA3 PCA4 PCAS PCA6
Achillea millefolium
Agropyron spp.
Agrostis stolonifera
Andropogon gerardi
Anemone canadensis
Antennaria spp.
Apocynum cannabinum
Arctium spp.
Asc/epras spp.
Aster ericoides
Aster simplex
Asfer spp.
Aster umbellatus
Eromus spp.
Calamagrosfis spp.
Campanula rotu ndifol ia
Carex spp.
Cirsium spp.
Comandra umbellata
De scha mpsi a cae spÌtosa
Eleocharis spp.
Equisetum arvense
Equisetum hymale
Equisetum spp.
Forb'l
Forb 2
Frageria virginiana
Galium boreale
Gentiana andrewsii
Glyceria striata
Glycyrrhiza lepidota
Grass 1

H e I i anth u s I aetifl o ru s
Hel ianth u s maximilianii
Helianthus spp.
Hieracium spp.
Hierochloe odorata
Hypoxis hirsuta
Juncus balticus
Juncus spp.
Lathyrus spp.

-0.0723
-0.0088
-0.1 316
-0.1 759
-0.0099
-0,0s25
-0.0012
-0.0267
0.0035
-0.0197
-0.0323
0.0008
-0.0061
-0.0018
0.1 866
-0.0061
0.5224
-0.0864
-0.0318
0.1194
0.3680
-0.0237
0.0132
0.0001
-0.0021
-0.0619
-0.1204
-0.1117
-0.0004
-0.0104
-0.0282
-0.0056
-0.0135
-0.0149
-0.0047
-0.0411
0.0039
-0.0105
0.5274
0.1676
-0.0078

-0.0144
0.0r 39
-0.4105
-0.0293
0.0085
-0.0636
0.0557
0.0107
0.0006
-0.0282
0.0565
0.0205
-0.0001
0.0038
0.0776
-0.0001
-0.0343
0.0180
0.0077
-0.1814
-0.5159
0.0068
0.0089
-0.0090
-0.0018
-0.0007
-0.1121
0.0052
0.0015
-0.0019
0.0068
-0.0062
0.0047
0.0052
0.0232
0.0165
0.0022
0.1054
0.4663
-0.4449
0.0019

0.0650
-0.0180
0.2847
-0.0816
0.0037
-0.0170
-0.0371
-0.0165
0.0013
0.0107
0.0360
-0.0289
0.0038
0.0010
0.1469
0.0038
-0.1406
-0.0374
0.0'194
0.0374
0.00'14
-0.1475
0.0071
-0.0352
-0.0040
0.0386
0.2967
0.4398
-0.0030
-0.0020
0.0171
-0.0039
0.0049
0.0054
-0.0156
-0.0253
0.0'1 l9
-0.0529
0.4393
0.2527
0.0047

0.0818
-0.0250
-0.2296
-0.0'158
0.0316
-0,0072
-0.0392
0.0199
-0.0046
-0.0273
0.0476
0.0192
0.0070
0.0026
-0.1576
0.0070
-0.0361
0.0619
0,0433
-0.2069
-0.0722
-0.0228
-0.0040
-0.00'19
-0.0048
0.07'18
-0.0153
0.183'l
-0.0093
-0.0004
0.0383
-0.0164
0.0007
0.0008
-0.0054
0.0306
-0.021s
-0.3510
0.1343
0.2464
0.0105

0.0350
0.0051
-0.2667
-0.1 053
0.0204
0.0720
-0.0032
-0.0475
-0.0042
-0.01 18
-0.0943
-0.0614
0.0019
-0.0036
-0.0324
0.0019
0.3519
-0.1987
0.0008
0.0830
-0.2148
0.0315
0.0219
0.0091
-0.0020
0.0'189
-0.0451
0.6210
0.0023
-0.0046
0.0007
-0.0037
0.0211
0.0233
0.0164
-0.0730
-0.0295
0.1622
-0.3461
0.1269
0.0002

-0.0388
0.0091
-0.0068
-0.0726
-0.0123
0.2327
0.0167
0.0'156
-0.0032
-0.0010
0.168'1
0.0217
-0.0069
0.0103
-o.0644
-0.0069
0.0564
0.0465
-0.0310
0.1535
-0.2540
0.087'1
0.0037
0.0091
-0.0012
-0.0701
-0.4804
-0.0914
o.oo22
0.0206
-0.0275
0.0108
-0.0317
-0.0350
0.0072
0.0240
-0.0340
-0.1008
-0.0063
0.3611
-0.0076
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Species Axis
PCAl PCA2 PCA3 PCA4 PCAs PCA6

Lrafris spp.
Lobelia kalmiì
Lycopus asper
Lysimachia quadriflora
Lysi m ac h ia thy rsifl ora
Medicago lupulina
Medicago sativa
Melilotus alba
M u hlen be rgi a gl ome rata
Panicum lanuginosa
Parnassia palustris
Ped ic u I a ris c a n ade n si s
Ped icu I a ri s I a nceol ata
Pefasifes sagittatus
Pharlaris arundinacea
Phleum pratense
Platanthera praeclara
Poa spp.
Poaceae
Potentilla anserina
Prunella vulgaris
Rubus pubescens
Sanicula marilandica
Senecio pauperculus
Sisyrinchium montanum
Solidago canadensis
Solidago graminifolia
Solidago nemoralis
Solidago ptarmicoides
Solidago rigida
So/rdago spp.
Sparfina gracilis
Spi ranthe s ro m a nzoffia n a
S po robol u s hete role p is
Taraxacum officinale
Thalictrum spp,
Trifolium pratense
Trifolium repens
Triglochin maritima
Vicia americana
Viola nephrophylla
Zizia aptera
Zizia aurea

-0.0029
-0.0087
0.0069
0.0817
0.0282
-0.0173
-0.0674
-0^1362
-0.0492
-0.0151
-0.0028
-0.0318
-0.0024
-0.01 19
-0.0076
0.0034
0.0531
-0.1450
-0.1384
-0,0009
-0.0284
-0.1'105
-0.0660
-0.0334
-0.0407
0.0215
-0.0044
-0.0181
-0.0244
-0.0367
0.0478
0.0376
0.0021
0.0134
0.0014
-0.0819
0.0002
-0.0101
0.0077
-0.0627
-0.0001
-0.0144
-0.1 370

0.0003
-0.0095
0.0033
0.00'19
-0.0026
-0.0049
-0.0157
0.0538
0.0122
-0.0452
0.0008
0.0089
0.0026
0.0042
0.0249
-0.0003
0.0'199
-0.0456
'0.1539
0.0591
0.0049
0.0343
0.0028
-0.0970
-0.0142
0.0163
0.00'14
0.0038
-0.0155
-0.0010
-0.0952
0.0559
-0.0013
0.0199
0.0034
-0.0268
-0.0027
-0.0225
-0.0019
0.0393
-0.0874
0.00'16
0.0375

-0.0179
-0.1028
-0.0098
-0.1 305
-0.0010
-0.0048
0.0251
-0.0607
0.0291
0.0236
-0.0079
0.0131
-0.0'l 13
0.0043
0.0672
0.0073
-0.0299
0.2235
0.38'16
-0.0954
-0.0273
0.0343
0.0409
0.0480
0.0338
0.0145
-0.0167
-0.0182
-0.0345
0.0140
-0.0774
0.0835
0.0043
0.0365
0.0130
0.0477
-0_0013
0.0246
-0.0009
0.0705
0.0299
-0.0194
0.1219

-0.0072
-0.0494
0.0141
-0. 1 388
0.0339
-0.0087
0.0405
0.0790
0.0627
-0.0021
-0.0001
0.0084
-0.0015
0.0006
0.0272
0.0055
-0.0127
0.1556
-0.6156
-0.0400
-0.0215
0.1372
0.0794
-0.0069
-0.2338
0.0230
-0.01 19
-0.0022
-0.0732
0.0207
0.0929
0.0436
-0.0079
-0.0356
-0.0058
0.0898
-0.0049
0.0042
0.0123
0.1028
-0.0708
-0.0042
0.2130

0.0039
-0.0077
-0.0066
0.1699
-0.0167
-0.0236
-0.0514
-0.2004
0.0063
-0,0159
0.0025
0.0421
0.0084
0.0186
0.0397
-0.0215
0.0159
-0.1391
0.0428
0.0062
0.0079
-0.0508
0.0162
0.0114
-0.0014
-0.0163
0.0075
0.0084
-0.0449
-0,0018
-0.0613
-0.0291
0.0075
-0.0575
-0.0110
0.0220
-0.0001
0,0142
-0.0042
0.0290
-0.0654
0.00'17
0.0340

0.0042
0.0503
-0.0054
-0.0770
0.0101
-0.0068
0.0351
0.1 061
-0.0525
0,0246
0.0084
-0.0675
0.0067
-0.0281
0.1 609
0.0073
-0_0317

0.4106
0.'1904
0.3002
0.0080
-0.0578
-0.0725
0.0737
-0.0174
-0.0209
0.0070
0.0012
-0.0298
-0.0610
-0.0554
-0.0049
-0.0027
-0.0186
-0.0004
-0j022
-0.0022
0.0387
0.0107
-0.0834
0.0141
-0.0045
-0.1381
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B) Scores of plots on the first six PCA axes.

Plot
PCAl PCA2

1S1

1S2
ls3
154
181
1E2
1E3
tÊ+
1E5
1E6
1N1
1N2
1N3
1N4
1N5
1N6
1W1
1W2
1W3
1W4
1W5
1W6
251
252
2S3
254
2Ss
2S6
2N1
2N2
2N3
2N4
2N5
2N6
2W2

0.2625
0.1 863
0.1871
-0.3578
-0.0300
0.0354
-0.4650
-0.1352
-1.3592
0.8397
-0.3327
0.4158
-0.2104
0.4588
0.2467
-0.2969
-0.0826
0.4437
0.5267
-0.0687
0.1 928
-0.5141
0.2609
-0.0321
0.2194
-0.2660

"0.5632
-0.2031
0.3404
0.5308
-0.1122
0.4284
0.1 266
0.5785
-0.2591

-0.0565
-0.2910
-0.2838
-0.4351
0.5549
-0.4097
-0.2766
0.'1960
-0,0112
0.2414
-0.2810
0.3615
-0.0749
-0.0362
-0.3'106
0.1700
-0j228
0.3468
0.4396
0.1 651
0.0233
-0.0642
0.7464
0.3521
0.3973
0.0770
-0.0816
0.1672
0.1120
0.3627
-0.3024
0.051 7
0.1252
0.0945
0.0201

-0.1574
-0.1519
-0.2307
-0.1341
-0.2359
-0.1460
-0.4434
-04692
0.4182
-0.1415
-0.1790
0.0063
0.1245
0.3563
0.0905
0.0426
-0.2852
0.1 961
0.1784
0.0268
0.3616
-0.0493
0.4546
0. 1 901
0.4911
0.2871
-0.0901
-0.3197
0.7402
0.2361
0.3203
0.0795
-0.5025
-0.1376
-0.7888

-0.3272
0.2573
0.2007
0.3571
0.0822
-0.4828
-0.468'1
0-4167
0.6886
0.2950
-0.4783
-0.2628
-0.1 1 95
-0.2422
-0.1029
0.0322
-0.5068
-0.0139
0.0462
-0.2595
-0.0031
-0.0090
0.0'149
-0.2907
-0.1763
-0.3881
-0.3487
-0.4751
0.0825
-0.1654
-0.4235
-0.2491
-0.1212
-0.2382
-0.2798

-0.1632
-0.0369
0.0181
0.0717
-0.1792
-0.0052
-0.1700
0.4861
0.1599
-0.13s4
-0.1 01 3
-0.2120
-0.0019
-0.4435
-0.2850
0.1686
0.1776
-0.3848
-0.4322
0.0668
-0.3431
-0.0869
0.3551
0.6663
0.0470
-0.3735
0.1484
0.4811
0.5889
0.1215
0.0587
-0.2004
-0.0547
-0.1 308
0.1357

-0.1400
-0.3286
-0.'1 600
-0.4865
0.2238
-0.1798
-0.0968
-0.1937
-0.5518
-0.2030
0.3105
0.3163
-0.1001
-0.1508
-0.2909
0.0020
0.0343
-0.0377
-0.0373
0.2785
0.0943
0.3651
0.0995
0.0681
-0j467
-0.0605
-0,2229
0.0560
-0.1420
-0.3187
-0.6773
-0.1425
-0.0287
0.1525
0.1331
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Axis
Plot

PCAl PCAZ PCA3
2W3
2W4
2W5
2W6
351
3S2
3S3
354
355
3S6
3E1
3E2
3E3
3E4
3E5
3Ë6
3N1
3N2
3N3
3N4
3N5
3N6
3W'1

3W2
atAta

3W4
4N1
4N2
4N3
4W1
4W2
4W3
4W4
4W5
4W6

0.3591
0.6273
-0.2849
-1.7369
0.1694
0.3502
0.3741
0.4698
-0.7343
0.3574
0.0843
-1 .3315
0.3262
-0.7257
0.4626
-0.1633
-0.1820
0.1527
0.3246
-0.8215
0.3306
-0.3995
-0.0985
0.3486
0.3186
-1.5794
0.5351
1.0824
0.9512
0.8468
0.5024
-0.6194
-0.4054
-0.6186
-0.2648

-0.0543
0.4982
0.4563
0.2884
-0.1160
-0.0842
0.2075
0.2802
0.1765
0.0759
-0.1 916
-0.0275
-1.6171
-1.1141
-1.3614
-1.4527
0.4097
0.3300
0.6528
-0.6960
0.4110
0.5891
0.2455
0.4156
-0.1690
0.4359
-0.8017
-0.0682
-0.1 650
0.2791
-0.61 15

0.3656
0.1451
0.1291
0.1711

0.7215
0.'1554
0.6443
0.5211
-0.2176
-0.3443
-0.0157
-0.0102
0.1311
0,1 035
-0.0042
-0.2930
-0.0054
0.8763
0.4636
0.5286
0.6381
-0.3705
0.4730
0.1408
-0.1095
0.1107
0.0866
0.4736
0.0199
-0.4799
-0.5658
-0.0194
-0.0556
-0.5982
-1.0817
-0.5030
-0.3237
-0.8757
-0.3528

-0.0725
-0.5339
0.7467
1.0320
0.2537
01027
0.1427
0.2232
0.0169
-0.0932
-0.'1 919
-0.2437
-0.0802
0.1314
0.0550
-0.0178
0.3088
0.0724
-0.1320
-0.2939
0.3780
0.2566
-0.1245
-0.4490
0.0097
0.5137
0.4584
0.5685
0.6622
0.7569
0.7729
-0.834'1
-0.5168
-0.0112
0.0907

0.4514
-0.4402
0.2077
0.0165
0.6017
0.2768
0.2428
0.1289
0.4423
0.3370
0. 1 936
-0.6044
-0.1 905
0.3935
-0.1825
-0.2365
0.2118
0.3132
-0.4627
-0.6488
-0.6359
-0.3123
0.2622
-0.5472
0.455'1
-1.0809
0.1585
-0.2474
-0.'1970
-0.3134
0.0607
0.2477
0.3129
0.2164
0.5576

-0.'1604
-0.1954
0.0252
-0.6072
-0.0914
-0.1106
0.1541
-0.0324
-0.6211
0.0408
-0.0214
0.0409
0.1414
0.9998
-0.1565
0.4614
1.1175
-0.2920
-0.2001
-0.6390
0.1772
0.8245
-0.0278
-0.0740
0.1 406
0.3308
0.1352
0.1 398
0.4740
-0.2368
-0.2080
0.1047
0.2513
0.6769
0.0007
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