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Abstract

Fungal assemblages in mats of Cladonia mitis, C. rangferína, and Pleurozium

schreberí in Manitoba were isolated and compared in July and September. Temporal

changes in these fungal assemblages were seen over the two sampling periods. The

fungal assemblages of C. mítis and C. rangiferinawere significantly different from those

found in P. schreberi únngboth sampling periods. Isolation of fungi from C. mitis and

C. rangíferina involved subsampling the lichens into upper and lower strata, which were

also compared, revealingsignificarrt differences between the upper canopies and the

lower bases of the lichen mats. Alternaría, Cladosporium, and Epicoccum) common

epiphytes, were found to be associated with the upper canopies of C. mítís and C.

rangiferina, while Mucor and Trichoderma, common soil fungi, were found associated

with the bases of C. mítis and C. rangiferina. Soil litter sampling beneath mats of C. mítis

and C. røngiferína revealed 11 fungal taxa found in the lichen mats that were not in the

soil, 6 fungal taxa common to both lichen mats and soil litter beneath them, and 5 fungal

taxa present only in the soil litter layers. Fungi isolated from C. amaurocraea, C.

arbuscula, C. rangiferina, C. stellaris, C. uncialis, Evernía mesomorpha, Vulpicida

pinastri, Stereocaulon alpínum, and Peltígera spp., revealed significant differences in

fungal assemblages across the various lichens. Microhabitat determines fungal

assemblages present on lichens. The most important factor of microhabitat seen was

moisture.

Amplification of a portion of nuclear small subunit ribosomal DNA (SSU rDNA)

from the fungal partner of C. arbuscula revealed fragments of two different size classes

in one region. One size class was suspected to contain an intron, while the other had no

intron. Amplification of a separate region of SSU rDNA from the fungal partner of C.

arbuscula revealed fingerprint banding patterns. Variation in banding patterns, as well as

the presence or absence of the intron, was examined among samples both within and

among 10 transects laid out on islands and lake shores over a 2l<rn area. Cluster analysis

revealed no difference in variation within and among transects, indicating efficient gene

flow over the area.
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Fungal Assemblages in Moss & Lichen Mats of Boreal Manitoba

Introduction:

Líchens - nutrients, ground cover & decompositíon

Lichens are prevalent on the floor of boreal forests (Knops et a1.,1991) and act as

substratum filters. Highly branched fruticose lichens are particularly effective as filters,

as the branching structure creates abundant traps for particulates. Particulates are trapped

in considerable quantity on the external surface, and accumulate in the internal spaces of

fruticose lichen thalli (Longton, 1988). This prevents nutrients in these particulates from

reaching the soil.

Lichens decompose at a slower rate than vascular plants (Moore, 1984). This may

be due to inhibitory substances present in lichens, affecting microbial activity

(Greenfield, 1993). For example, some lichen substances, such as lichen acids, have

antibiotic properties (Hale, 1983). As well, some secondary metabolites in lichens can

inhibit the mineralizationprocess (Parinkina et aL.,1995). Thus, lichens can also play a

major role in nuhient cycling by immobilizingnutrients over large surface areas, and

slowing the rate of decomposition (Longton, 1988), which may impact the accessibility

of nutrients to the surrounding vegetation.

Dominant trees in boreal woodlands are Pìcea mariana (Mill.) BSP., P. gløuca

(Moench.) Voss, Larix laricina (Du Roi) K. Koch, Pinus banl<siana Lamb., or P.

contorta Dougl. (Ahti, 1997). Lichens such as Cladonia spp. can form as much as 50% of

the above ground biomass in these forests (Ahti, 1997). Lichens may represent a

potentially valuable source of nutrients, such as nitrogen in cyanobacterial lichens, a

limiting element in boreal ecosystems (Greenfield, 1999).

Mosses - nutrients, ground cover & decomposition

Mosses also act as highly effective filters of particulates such as pollen, rain water, and

litter (Linskens et aL.,1991; Oechel & Van Cleve, 1986), preventing nutrients from

contacting the soil. As is the case with reindeer lichens, this is a result of the high degree

of vegetative branching in the moss mat, offering abundant traps for particulates.

Nutrients from these trapped particulates are directly accessible to the mosses, but not to



the surrounding vascular plant life, as many of the particulate nuhients are directly

incorporated into the moss tissues, and prevented from reaching the soil. Where mosses

make up a large portion of the ground cover (eg. 67-100o/o in a black spruce stand, and

42-70% in a white spruce stand) (La Roi & Stringer, 1976; Oechel & Van Cleve, 1986),

incoming nutrients will likely be trapped.

In addition to acting as filters, many mosses also have a slow rate of

decomposition, approximately l0o/othat of vascular plants (Oechel & Van Cleve, 1986).

Decomposition in mosses is slowed by a low pH and a chemistry which prevents survival

of decomposing organisms. As a result, these mosses can play a major role in nutrient

cycling (Oechel & Van Cleve, 1986), by immobilizingnutrients over large areas and

slowing decomposition (Longton, I 988).

Moss & Lichen Habitat Overlap

Considerable habitat overlap exists between mosses and lichens (Topham, 1997). Both

mosses and lichens dominate the understory of black and white spruce forests (Ahti,

1997; La Roi & Stringer, 1976; Oechel & Van Cleve, 1986). Mosses tend to be found in

the more mesic (moderately moist) sites, while lichens tend to be found in more xeric

(very dry) sites (Ahti, 1997). Ground dwelling fruticose lichens generally succeed

establishment of crustose and foliose lichens, and once established, remain the dominant

lichen growth form throughout the lichen phase of forest succession. Mesic conditions

and forest canopy closure, results in fruticose lichens being largely replaced by weft-

forming mosses, such as Pleurozium schreberi (Brid.) Mitt. and Hylocomium splendens

(Hedw.) B. S. G. (Johnson, 1981; Longton, 1988). Competition therefore occurs between

mosses and lichens, with lichens tending to be better competitors than mosses in direct

sunlight conditions. It is common for Peltigerø lichens growing in mixed mats with

feather mosses, such as Pleurozium schreberi and Hylocomium splendens, to overgrow

portions of the mosses, shading them (Johnson, 1981).

Fungal Assemblages

As moss and lichen mats can play a major role in nutrient cycling (Greenfield, 1999;

Oechel & Van Cleve, 1986; Longton, 1988), some work has been done on surveying



lichen and moss mats for fungi. For example, within lichen mats of Cladonía and

Stereocaulon, several species of the fungal genera Fusarium, Heteroconíum, and

Diplodina, as well as Mortierella vinacea Dixon-Stewart and others, have been found

present (Petrini et aL.,1990). Fusaríum species, as well as Mortíerella vinacea, are

assumed to be living off the leachates and secondary metabolites of plant materials, such

as pollen and leaf litter, trapped within lichen mats. Species of Diplodina and

Heteroconiumhave been considered specific lichen-inhabiting fungi (Petrini et a1.,1990),

though the exact nature of their interaction with the lichen host has not been examined.

Mosses as well, have been shown to provide a good microenvironment for

supporting fungal growth (Felix, 1988). For example, Cantharellus tubaeformísFr.,

Cortinaríus impennis Fr., and Paxillus ínvolutus (Batsch ex. Fr.) Fries have all been

shown to have a close association with Pleurozium schreberi, though again the exact

nature of these associations have yet to be determined. As well, some bryophilous

ascomycetes are obligate parasites, growing exclusively on living mosses (Dobbler,

1997). Certain fungi also support moss growth. Growth promotion of moss protonerna by

compounds, eg. gibberellic acid, of some fungi, such as Aspergillus flavus Link ex. Gray,

Penícillium martensii Biourge, Mucor racemosus Fresenius, &. Fusarium equiseti

(Corda) Sacc., is well known (Maltzahn & McQuanie, 1958; Yaararrm &,Taren,1959).

A wide variety of fungal assemblages can be found in lichen and moss mats.

These include representatives of the Myxomycetes, Ascomycetes, Basidiomycetes,

Zygomycetes, and Chytridiomycetes (Azmi & Seppelt, 1998; Carleton & Read, l99l;
Ing,1994; Moller & Dreyfuss,1996; Thormann et a1.,2004; Thormann et a1.,2001).

Some fungi associated with lichen and moss thalli live freely within the mats and others

are biotrophic, ranging from mutualism to parasitism (Azmi & Seppelt, 1998; Carleton &

Read, 1991;lng,1994; Moller & Dreyfuss,1996).

Despite all the previous work on fungi from lichen and moss thalli, in past studies

very often only the upper portions of the lichen and moss mats were surveyed for fungi,

leaving the base of the mats unexplored to avoid results confounded by soil fungal

communities (Petrini et aL.,1990; Pocock et aL.,1984). As well, no literature on temporal

changes or seasonal effects on the fungi in lichen and moss mats have been reported.

Finally, the literature on lichen and moss fungal assemblages, is often based around



bryophilous and lichenicolous fungi (Doebbeler, 1997 &.2001; Cole & Hawksworth,

2001). These fungi do not attack the substratum trapped within the mats, only the mats

themselves. To date only two studies in the literature have set out to investigate the

fungal communities that can be isolated from lichen thalli, which are not obligately

lichenicolous - both of which were conducted in Europe (Girlanda et aL.,19971,Petnni et

aL.,1990). Thus, literature relating to fungal assemblages within lichen and moss mats is,

in general, lacking, and virtually non-existent in North-America.

Manitoba, being situated in the center of Canada, is a vegetative transition zone

not only from east to west across the country, but also from south to north. Precambrian

granitic rock (Canadian shield) runs from southeast to northwest through the province

(Ritchie, 1956a). Manitoba is geologically very diverse (Lauhn-Jensen, 1987). Glacial

lake Agassiz covered most of Manitoba at one time, creating numerous sediment deposits

(Ritchie, 1956b). Due to large vegetation and habitat diversity (Ritchie, 1956a,1956b,

1960a, &. 1960b; Shay, 1984), as well as the large tracts of boreal forest which moss and

lichen mats dominate (Ahti, 1997; La Roi & Stringer,l976; Oechel & Van Cleve, 1986),

Manitoba is thought to be an excellent place to study crypogams.

Given the overlap in habitat between lichen and moss mats, the slow

decomposition rates of both, and the similar roles played by each as filters of particulates,

fungal assemblages within moss and lichen mats ought to be similar. Hence any

heterogeneity in the fungal assemblages seen between moss and lichen mats would be

more likely due to the properties of the lichens, such as the presence of secondary

compounds, than to environmental variables. Lichens produce a variety of secondary

compounds which vary between species of lichen forming fungi (Brodo et a1.,2001).

Thus, moss mats are thought to be an ideal control for the examination of fungi in lichen

mats.

Objectives

General topics in the thesis focus on the biodiversity and biology of fungi in lichen mats,

using moss mats as a control. Temporal, spatial, and environmental factors affecting the

presence or absence, and species composition of fungal assemblages is explored,

including potential genetic variation of the lichen mat itself.



The objectives of my studies were:

l) to determine if differences exist in the fungal assemblages found in

forest floor mats of Cladonía mitís, C. rangiferina, and Pleurozium

schreberi;

2) to determine if the fungal assemblages in forest floor mats change from

the beginning to end of season;

3) to determine whether spatial differences (canopies & bases) in the

fungal assemblages exist within forest floor mats of Cladonia mítis and C.

rangíferína;

4) to compare the fungal assemblages in soil beneath the lichen to those

in the lichen mat itself;

5) to compare population structure of fungal assemblages with that of the

lichen fungus;

6) to determine fungal assemblages on species from 5 genera of lichen

forming fungi.

The Thesis

Objectives listed above are sequentially addressed in the body of the thesis,

running from chapters 2 through 6. Chapter 2 examines the fungal assemblages found in

mats of Cladonia mítis Sandst., C. rangiferinø (L.) Wigg., and Pleurozíum schreberi in

southern Manitoba and temporal changes in these assemblages (objectives | & 2).

Chapter 3 further expands on the preliminary findings of Chapter 2 by focusing on the

vertical strata within the forest floor mats of C. mitis and C. rangiferina and examining

the fungal assemblages found at the soil surface beneath the lichen mats in southern

Manitoba (objectives 3 &,4). Chapter 4 focuses on the fungal genetic variation within C.

arbusculq mats to compare population structure of the lichen fungus with population

structure of fungal assemblages in the lichen mat, and thus infer co-dispersal of fungal

assemblages and lichen thalli (objective 5). Chapter 5 expands the number of lichen

species sampled for fungi to include Evernìa mesomorpha Nyl., Peltigera Willd. spp.,

Stereocaulon alpínum Laurer ex Funck, and Vulpicída pinastri (Scop.) J. -E- Mattsson &

M. J. Lai, as well as increases the number of species of the genus Cladonia represented to

6



include: C. amaurocraea (Florke) Schaerer, C. arbuscula (Wall.) Rabenh., C.

rangiferína, and C. stellaris (Opiz) Brodo, this time in northern Manitoba (objective 6).

Cladonia amqurocraea, C. mitis, C. rangíferina, and C. stellarís are among the

most widely represented species of the genus Cladonía found in Manitoba (Piercey-

Normore, 2003), and hence were chosen for study as they form highlybranched fruticose

lichen mats. Stereocaulon and Peltigera were chosen for study due to their nitrogen

fixing abilities, Evernía for its epiph¡ic habitat, and Vulpicída for its foliose growth form

as comparison with Peltígera.



Chapter 2

Comparisons of fungal assemblages found in forest
mats of Cludoniø mítis, C. røngiferinø, and Pleurozium
schreberi in southern Manitoba, with temporal aspects

examined.



Introduction

Lichen and moss mats, particularly those of highly branched fruticose lichens, have been

shown to provide a good microenvironment for fungal growth (Dobbler, 1991; Felix,

1988; Petrini et a1.,1990; Thormann et a1.,2004; Thormann et a1.,2001). Moss and

highly branched fruticose lichens act as effective filters and trappers of particulates such

as pollen and litter (Linskens et al.,l99l; Oechel & Van Cleve, 1986), due to their high

degree of vegetative branching. Additionally, the highly branched thallus creates an

environment with ameliorated temperatures and light intensities (Kershaw & Field, 1975;

Kershaw & Harris, l97I). Generally, high humidity levels are maintained within the mats

(Carleton & Dunham,2003; Kershaw & Field, 1975). The microhabitat thus provides an

ideal environment for fungal inhabitants.

Large overlap in habitat exists between lichen and moss mats (Topharn,1997).

Given the similar environment, architecture, and roles played by each as filters of

particulates, fungal assemblages within moss and lichen mats should be similar. Thus

heterogeneity in assemblages seen across mats are likely due to physiology of the mat

species, such as the presence of secondary compounds in lichens (Brodo et a1.,2001),

making for interesting comparisons.

It is known that fungal assemblages are not necessarily consistent and very often

change in composition over time. Keller & Bidochka (1998) examined temporal

differences among soil fungal assemblages in deciduous forest, cedar forest, old field and

alfalfa field. Soil type consisted of various loam series. They found that 53-85o/o of the

species in the assemblages changed over the summer (Keller & Bidochka, 1998). Zak &,

Parkinson (1984) examined fung growing on the roots of the grass Agropyron

trachycaulum and noted species turnover rates ranging from 6l-91% over a four week

period. Bhat & Kaveriappa (1998) examined the aerial surface mycoflora of two

endangered tree species: Myristica fatua var. magnifica and Myristica malabarica, in

March, June, September and December, noting up to a 50o/o increase in species richness

depending on the time substrata was sampled.

This study examines fungal assemblages on two species of reindeer lichens

(fruticose lichens), i.e. Cladonía mitis and C. rangíferina. Though others have studied

fungi on C. mítís and C. rangíferina (Petrini et aL.,1990),direct comparisons withmat



forming bryophyte biota in immediate proximity, as well as temporal surveys of fungal

species compilations in mats of reindeer lichens have not been undertaken. Pleurozíum

schreberi, and its attendant fungal assemblages seryes as a comparison for potential mat

effects such as moisture and pH.

Materials and Methods

Collection Sites:

Four sites containing lichen mats were selected within an 8 x 8 kilometer region of the

Sandilands Provincial forest. Site I was located 49" 23'N and 96" 15'W, approximately

1.8 km west from hwy. 210 along forestry trall16, near Marchand provincial wayside

park. Site II was located 49" 20'N and 96" 14'W, approximately 7 km south of hwy.

210 along forestry trail2}, near the town of Sandilands. Site III was located 49" 20' N

and 96" 14' W , approximately 7 .5 km south of hwy. 210 along forestry fiaLlz}, near the

town of Sandilands. Site IV was located 49" 20' N and 96" 74' W, approximately 8 km

south of hwy. 210 down forestry tra1l20, and off an ATV trail running northeast off trail

20.

Sites I and II contained lichen stands of Cladonia rangiferina and C. mitis mixed

with the moss Pleurozium schreb¿ri. Sites III and fV contained stands of C. rangiferina

and C. mitis minus the presence of P. schreberí. Five permanent 5 x 5 meter plots were

set up at each site. Plots containing C. rangìferina, C. mitis, and P. schreberi are hereafter

referred to as mixed moss-lichen plots. Plots containing C. rangiferina and C. mitis,but

no P. schreberí, are hereafter referred to as pure lichen plots.

Surveyíng Fungal Ass emblages :

Collection of substratum

Prior to sampling, five of the ten plots (5x5m) in the mixed moss-lichen sites, and five of

the ten plots in the pure lichen sites were selected using a random numbers generator.

Within the selected plots, a gnd of 25 (lm2) quadrats was established and three quadrats

were randomly selected (numbers generator) for sampling. The central portions of

Cladonia rangiferina and, C. mitís matswere sampled within each of the three 1m2

quadrats selected for sampling, using a 5cm diameter, 4cm deep bulk density ring. Lichen

l0



mat samples were taken to the depth of the soil litter layer (sometimes to a depth greater

than 4cm). With five plots, three samples / plot, and two species, the collecting protocol

generated atotal of 30 samples from the mixed moss-lichen sites, and 30 samples from

the pure lichen sites (i.e. for each of the two lichen species there were 15 samples

collected for each of the two site types). Pleurozium schreberi mats were also sampled

for the moss thallus using the same procedures as for the lichens, except three randomly

chosen plots were sampled at three random quadrats for a total of nine samples. All

samples were placed in labelled plastic bags and taken back to the laboratory for further

processing. Samples were collected on July l4th, 2003, and collections repeated again on

September 28th,2003.

Isolation of fungi

On return to the University of Manitoba Department of Botany laboratories, samples

were separated into mat canopy and mat base portions (base portions being identified by

their distinct lighter coloration, reduced branching, and representing almost half of the

thallus height) (fie. 2.1).

Canopy,

lBase
Fig.2.1 - Simplified sketch of a Cladonía mitís podetium, with canopy and base strata

labelled
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Thallus fractions were then cut into 4-6mm lengths and 20 cut pieces of each fraction

were placed into separate sterile Sartorius filter apparatuses and washed in 20 changes of

sterile water to remove fungal spores (Muhsin & Booth, 1987). The washed thallus pieces

were subsequently removed from the filter apparatus and equidistantly arranged on rose

Bengal agar (Malloch, 1981) in lots of five per petri plate. The eight resultant petri plates

required per sample, four with five plated pieces for the canopy derived pieces of the

lichen, and four with five plated pieces for the 20 pieces from the base of the lichen, were

incubated at- 20"C and checked daily for developing fungi (examination of assemblages

associated with canopy and base thalli is the subject of the next chapter). Developing

fungal colonies were observed and hyphae transferred to separate petri plates of potato

dextrose agar (Malloch, 1981). Thus, with two collection dates, ten plots sampled, two

lichen species/plot, three samples/species, eigþt plates/sample, and five thallus pieces per

plate, - 4800lichen thalli fragments were examined for fungi. Fungr from Pleurozíum

schreberi were also isolated using the same procedures except the samples were not

separated into canopy and bases. With two collection dates, three plots sampled, three

samples/plot, four plates/sample, and five thallus pieces per plate, - 360 moss thalli

pieces were surveyed.

Identifications

In addition to identification of the lichens in the field, verification was done in the

laboratoryby detection of second¿lry compounds using thin-layer chromatography (TLC)

(appendices l4a &.14b) according to methods described by Culberson et al. (1972; 1974)

(vouchers of scanned images for the TLC plates are available in molecular laboratory of

Dr. Piercey-Norrnore, U of M ).

Fungi were observed for both macroscopic and microscopic morphological

characteristics, and grown on several different media, including rose bengal agar, potato

dextrose agar, czapek dox agar, and modified leonian's agar (Malloch, 1981), to stimulate

the production of spores. Fungal identifications were based on Ainsworth (1913), Barnett

& Hunter (1912), Dennis (1968), Ellis (1971;1976), Hesseltine (1955), Hesseltine &

Ellis (1973), Malloch (1981), Martin & Alexopoulos (1969), Miller (1984), Singer
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(1986), and von An< (1982). 'Where fungi could not be identified to species, the lowest

taxonomic level of identification determined was stated, with a no. proceeding the taxon.

Isolates were then grouped by morphotype into the appropriate numbered taxon.

Meteorological Data

Daily precipitation, maximum temperature, and minimum temperature for three weeks

prior to the July and September collection periods was retrieved from Environmental

Canada(2003), from the St. Labre and La Broquerie recording stations.

Data Analysis:

Fungal assemblage frequency data

Frequencies of individual fungal taxa on the moss and lichen thalli were taken as the

number of finds divided by the number of starts (in this case 20) from each of the mat

samples (canopy and base fractions). Fungal assemblage frequency data was subjected to

three multivariate analysis methods: 1) Sums of squares cluster analysis; 2) Principle

component analysis; and 3) Multiple discriminate analysis. All multivariate analyses

were conducted using the program Syn-tax 2000 - Hierarchical Classification (Podani,

2001).

Sums of squares cluster anal)¡ses

Prior to analysis, fungal assemblage frequency data was pooled by sample, combining

canopy and base fractions. Assemblage frequency data was then subjected to a sums of

squares cluster analysis using a chord distance (scaled Euclidean distance) association

coefficient for both the July and September collections (Kenkel & Booth, 1992).

Principle component analyses

Subsequent to the sums of squares cluster analyses, the unpooled fungal assemblage

frequency data was subjected to a logarithmic transformation, followed by a principle

component analysis for both the July and September data sets (Kenkel & Booth,1992).
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Multiple discriminate analyses

Component scores for the first three component axes from the principle component

analysis were then subjected to a multiple discriminate analysis, attempting to separate

mat samples by species (i.e. Pleurozíum schreberi, Cladonia mítís &. C. rangiferina) for

both the July and September collections (Kenkel & Booth, 1992). Group centroids

constructed were then tested to determine if they were significantly different using a f
test (Moore,2000).

Data Pooling

Fungal assemblage frequency data was also processed by pooling mat samples together,

constructing five 'collection type groups' for both the July and September data sets: 1)

Cladonia mitís sanrples from pure lichen plots (LM);2) C. mitís samples from mixed

moss-lichen plots (MM);3) C. rangiferina samples from pure lichen plots (LR); 4) C.

rangiferina samples from mixed moss-lichen plots (MR); and 5) Pleurozium schreberí

samples from mixed moss-lichen plots (P).

Average species richness

Average species richness was calculated for each of the collection type groups for both

the pooled July and September data sets (Krebs, 1972). Average species richness was

calculated by summing the total number of fungal taxa in each plot of a collection type

group (five plots are in a collection type group), and dividing it by the total number of

plots in the collection type goup (Krebs, 1972).

Shannon-Wiener index

Both diversity and taxa evenness were determined using the Shannon-Wiener index,

sometimes called Shannon's index. These parameters were calculated for each mat tlpe

collection from both the pooled July and September data sets using the following

formulae:

t4



H = -\p,In p,
i=l

where Ë1 equals the index of species diversity, s equals the number of fungal species and

p; eeuals the proportion of the total sample that belongs to the ith species, and

D_ H
H^u

where E equals the evenness or equitability of the distribution (range : 0-1), Ëlequals the

observed species diversity, and H^* equals the maximum species diversity(i.e. ln(s))

(Krebs, 1972).

Occurrence

Occurrence was calculated for individual fungal taxa in the fungal assemblages from

Cladonía rangíferinø, C. mitis, and Pleurozium schreberi,by plot type þure lichen or

mixed mossJichen plots), for both July and September data sets. Occurrence is the

number of observations for a fungal taxon, over the collections for each collection type

goup. Occurrences for each fungal taxon \Mere expressed as a percentage of the number

of times a taxon was observed divided by 15 in the case of the lichens sampled, and by

nine in the case of the fungal taxa from P. schreberímat samples.

Coeffi cients of association

Coefficients of association (Krebs, 1972) for Cladonia rangiferina, C. mitis, and P.

schreberí were calculated using collection type group, and the fungal assemblages

isolated. Coefficients of association were calculated for collection type groups using the

following formula:
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V_ ad -bcW
where a equals the number of fungal taxa common to both groups, å equals the number

of fungal taxa exclusive to goup 1, c equals the number of fungal taxa exclusive to group

2, and d equals the number of fungal taxa excluded from both groups (Krebs, 1972).

Meteorological data

Data was broken up into three and one week periods, and mean max., min., and average

temperafures, and respective standard deviations calculated, as well as number of days

with precipitation, range of precipitation, total precipitation, last rainfall > 2cm/24hts.

and mean precipitation with standard deviation determined.

Results

Fungi of the genera Alternarìa, Aureobasidium, Cladosporium, Epicoccum, Mortierella,

Mucor, Penicillíum, and Tríchoderma were isolated from lichen and moss mat samples

taken during the July collections. As well, three taxa from the Sphaeropsidales were

found and four different taxa of mycelia sterilia encountered (appendix 1a). Isolates of

Aureobasídíum pullulazs, Sphaeropsidales, mycelia sterilia, and two taxa of Mortierella

@ 3 e.# 4) were unique to the July collections.

In the September collections, fungr of the genera Absidia, Alternaria, Aspergillus,

Cladosporíum, Cunninghamella, Epicoccum, Mortierella, Mucor, Penicillium, Rhízopus,

and Trichoderma were isolated (appendix2a). No Sphaeropsidales, mycelia sterilia, or

Aureobasidíum pullulat,s, were found in the September collections. Isolation of taxa of

the generaAbsìdia, Aspergillus, Cunnínghamella, and, Rhizopus were unique to the

September collections. Among the genera isolated in both the July and September lichen

and moss mat collections, one taxon of Mucor (#5) and one taxon of Cladosporium (#2)

were also unique to the fall collection.

Aur e o b as í dium pul lul ans, Ep t c o c cum purp ur as c ens, M o r ti er e I I a # 4, my celia

sterilia # 38, Sphaeropsidales # 36 and # 37, and a sclerotia forming taxon of Penicillium
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were isolated only once during the July survey. All of the September fungal taxa were

isolated multiple times.

In the July collections, the sums of squares analysis on the matrix of frequencies

of fungal taxa (appendix 1a) over all mat collections, revealed clusters of Pleurozíum

schreberi samples (fi5.2.2, cluster B & C). Similarly, the sums of squares analysis on the

matrix of frequencies from the September collections (appendix2a), also revealed a

cluster of P. schreberí samples (fig. 2.3, cluster C).
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Fig. 2.2 - Sums of squares cluster analysis of July samples using chord distance as the association measure. Underlined samples are
Pleurozium schreberi. Numbers represent samples in order of appearance in appendix la.
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Multiple discriminate analyses for both the July and September matrix of

frequencies of fungal taxainmat collections, yielded significant results (p :0.05)

(appendices 3a-3c and 4a-4c). The chi squared values were 13.75, degrees of freedom

(d.f.) : 6, and 35.97 , d.f. : 6, for the July and September collections respectively. Figures

2.4 &,2.5 clearly indicate that fungal assemblages found in Pleurozium schreberi are

significantly different from those found in Cladonia rangiferina and C. mitis. Also,

figures 2-4 &,2.5 indicate that the fungal assemblages in C. rangiferina and C. mítis are

not significantly different from one another.

-2 -1 o 
oLr, 

t 3 4

Fig.2.4 - Graph of ordinations from a multiple discriminate analysis of the object scores
from a principle component analysis for the fungal assemblages found in Cladonia mitis,
C. rangiferina, & Pleurozium schreberi for the July collections. Circle A replresents the
95%o confidence interval (C.I.) for samples of P. schreberí, circle B represents the 95% C.
I. for samples of C. mìtis, and circle C represents the 95% CJ for samples of C.

rangiferína-
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Fig.2.5 - Graph of ordinations from a multþle discriminate analysis of the object scores
from a principle component analysis for the fungal assemblages found in Cladonía mítis,
C. rangiferìna, & Pleurozíum schreberí for the September collections. Circle A
represents the 95o/o confidence interval (C.I.) for samples of P. schreberi, circleB
represents the95Yo C. I. for samples of C. mítís, and circle C representsthe95o/o C.I for
samples of C. rangiferina.

Diversity indices for pooled matrix data (canopy and base fractions combined) for

the July collections (appendix 5a) indicated that the highest fungal assemblage species

richness was in mats of Pleurozium schreberi (P). Species richness in the mats declined

as follows: Cladonia rangíferina in the pure lichen plots (LR), C. mttis in pure lichen

plots (LM), C. mitis in mixed-moss lichen plots (MM), followed by C. rangiferina in

mixed moss-lichen plots (MR) (table 2.1).
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Table 2.1 - Species Richness & Shannon-Wiener evenness diversity indices for the
pooled July & September fungal assemblage collection type groups.

July September

Pooled Samnles Species Richness Evenness Species Richness Evenness

LM: 3.8 0.39 9.6 0.53

MM: 2.8 0.2s 9.6 0.42

LR: 4.4 0.31 10.4 0.55

MR: 1.8 0.11 9.6 0.33

P; 5 0.27 r0.33 0.31

LJri{: Cladonia mitis samples from pure lichen plots
MM : Cladonia ruilrs samples from mixed moss-lichen plots
LR: Cladonta rangiferina samples from pure lichen plots
}iÁR: Cladonia rangiferina samples from mixed moss-lichen plots
P : Pleurozium schreberi samples from mixed mosslichen plots

Evenness within the fungal assemblages over the collection types (P, LR, LM,

MM, MR) was highest in samples from C. mitis in pure lichen plots (LM). Evenness

declined in order as follows: LR > P > MM followed by MR (table 2.1). All the fungal

taxa within collection type groups appear to be uneven (< 0.4) and relatively low in

species richness.

In the September mat collections (appendix 6a), the highest fungal assemblage

species richness was found in mats of Cladonia rangiferina v¡hen sampled in the pure

lichen plots (LR). Species richness in the mats declined as follows: Pleurozium schreberi

(P), followed by the remaining three collection type groups being equal in their species

richness (table 2.1).The evenness of the distribution of fungal assemblages within each

group was highest in samples of LR. Evenness declined in order as follows: LM > MM >

MR followed by P (table 2.1). Mixed moss-lichen collection type groups are low in their

evenness of distributions (< 0.4) of fungal assemblages, while the pure lichen collection

type groups are moderate (> 0.4 &, < 0.6) in the evenness of their fungal assemblages.

Species richness in the September collections was considerably higher (x:9.9)
than in the July collections (x : 3.6) (table 2.1). Evenness of the fungal taxa on lichen

thalli increased moderately (14-24%) in the September collections from the July

collections .ln Pleurozium schreberi samples, evenness of the mycota remained

essentially the same (3%o increase) (table 2.1).

On examination of occurrences from the July collections Alternaría was only

found in pure lichen plots. Trìchodermawas not found in mats of Pleurozium schreberi.
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Mucor # I and mycelia sterilia # 14were the only cosmopolitan fungal taxa across the

collection type groups. Mycelia sterilia # 74, on average, had the highest occurrence in

the fungal assemblages across the collection type groups (table 2.2).
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Table 2.2 -List of fungal assemblages and occurrences for collection
LM MM

NJÞ

type groups for the July & September collections.
LRMRP

LM: Cladonia mitis samples from pure lichen plots
MM= Cladonia mitis samples from mixed moss-lichen plots
P : Pleurozium schrebert samples from mixed moss-lichen plots

LR: Cladonia rangiferina samples from pure lichen plots
MR: Cladonia rangiferina samples from mixed mossJichen plots



Although I lternaria and Tríchoderma were not found in mats of Pleurozium

schreberí in the July collections, they were found in mats of Pleurozíum schreberi in the

September collections (table 2.2).

Only two of the twenty fungal taxa isolated in the July collections were

cosmopolitan, i.e. in all of the collection tlpe groups. In the September collections, ten

out of the 17 fungal taxa: Absidia coerulea, Alternaria spp., Cladosporium#|,

Epícoccumpurpurascens, Mortíerella isabellina/vinaceae complex, Mucor # I and# 4,

Penicillium spp. (non-sclerotial), Rhizopus oryzael artd Trichoderma spp., were

cosmopolitan (table 2.2) (photographs of select fungal taxa can be seen in appendix l5a).

September collection tlpe groups contained more fungal taxa then the July

collection type groups. The mean occuffences of fungal taxa were also considerably

higher for the September collections (table 2.3). Aspergillís (ølutaceus goup) was only

isolated from C. røngiferina in mixed moss-lichen plots, while Cunnínghamella elegans

was only isolated from C. rangiferìna in pure lichen plots (table 2.2).

Table 2.3 - Mean occuffences of the fungal assemblages found for each collection type
goup for the July and September collections.

JuIy September
P: 0.5 0.80

LM: 0.29 0.74

LR: 0.3'7 0.69

MM: 0.33 0.74

MR: 0.26 0.74

LlM: Cladonia mitis samples from pure lichen plots
MM: Cladonianilr,s samples from mixed moss-lichen plots
LR: Cladonia rangiferina samples from pure lichen plots
lvß.: Cladonia rangiferina samples from mixed moss-lichen plots
P : Pleurozium schreberi samples from mixed moss-lichen plots

In the July collections there were no strong associations (< 0.5) across any of the pairings

of the five collection type groups (fr,e.2.6).
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LM
MM MR
-0.04 0.04 0.10 -0.03

MM 0.2s 0.26 0.41

LR 0.17 0.4t

MR 0.1I
ßig.2.6 - Coefficients of association for fungal assemblages in the collection type group
pairings from the July collections. See table 23 for acronyrn explanations.

In contrast, the coefficients of association data for the September collections revealed

strong positive associations (< 0.6) between LM and MM, LM and LR, LM and P, MM

and P, and LR and P (frg.2.7).

MR
0.67 0.66 0.35 I

MM 0.23 0.35 0.67

LR -0.20 0.66

MR 0.3s

Fig.2.7 - Coefficients of association for fungal assemblages in the collection type group
pairings from September collections. See table 2.3 for acronym explanations.

Meteorological data (appendicesTa & 8a) revealed approximately twice the number of

days with precipitation both one and three weeks preceding the September collections as

compared to the July collections (table 2.4).Total precipitation one week prior to

collections was approximately the same for July and Septernber. Total precipitation over

the three weeks prior to collections was nearly double in September then June/July. No

rainfall > 2cm within 24hrs. was recorded in the three weeks prior to the July collections,

while one rainfall event >2cm occurred 11 days prior to the September collections. Daily

mean precipitation was the same prior to the July and September collections. Mean high,

low and average temperatures over the three weeks prior to collections did not differ

between June/July and September. Mean high and average temperatures one week prior

to collections was -10'C cooler in September compared to July (table2.4).

LM
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Table 2.4 -Meteorological data for the 3 weeks preceding sampling of the July and
September collections.

June-July/ 03
07/07-13107 23106-t3/07

September/ 03
2t/09-27/09 07/09-27/09

# of days with precipitation' J 9 7 t6
Range of precipitation (mm)l 0-8 0 - 13.4 0-4 0 -37.8
Total precipitation (mm) I

10.8 43 12.4 78.9

Last rainfall > 2cmJ24bvs.l > 21 (ò,29 davs ll davs aeo

Mean precipitation (mm) I 1.5r3 2.1+3.8 1.8 r 1.8 3.8 + 8.1

Max mean temo. ('C)2 20.1+3.4 23.5 +3.8 l0 + 3.9 17.5 +.6.6

Min. mean temo. l'C)2 8.6 + 3.3 I l.l + 3.5 5.8 + 3.4 7.5 + 5.8

Mean oeriod temo. l'C) 2 14.4 +3 17.3 +3.2 5.9 + 1.9 12.5 + 5.7
' : derived from the St. Labre, Manitoba, Environment Canada recording station.
2 : derived from the La Broquerie, Manitoba, Envi¡onment Canadarecording station.

Discussion

Fungi from the genera Alternaria, Cladosporium, Penicillium, and Trichoderma, as well

as Epicoccum purpurascens and Mortierella vinaceae were previously reported from

Cladonia mítis and C. røngíferina (Peffini et a1.,1990). Occurrences of Absidia coerulea,

Aspergíllus (alutoceus group), Cunninghamella elegans, Mortierella isabellina Oudem.,

Mucor spp., and Rhizopus spp. from C. mitis and C. rangiferina mats are reported here

for the first time. Alternarìa spp., Aspergillís spp., Cladosporíum spp., Cunninghømella

spp., Mortierella spp., Mucor Spp., and Penicillíum spp. are coÍrmon inhabitants of soil

(Keller & Bidochka, 1998) and as such soil may serve as inoculum for lichen thalli as

well as on moss gametophytes.

My data indicated that fungal assemblages found in Pleurozium schreberi were

different from those of Cladonía mítís and C. rangiferina (frgs.2.2,2.3,2.4, 8.2.5).In

the moss mats, frequericies of Alternaria, Epicoccum, and Trichoderma were lower then

the frequencies of these fungal taxa from lichen mats. Mucor and Mortierella frequencies

in the moss mats were higher then in lichen mats. No significant differences in fungal

frequencies between the two species of lichen mats were detected. This is consistent with

Petrini et ø1. (1990) who surveyed the fungal assemblages of lichen mats (including seven

species of Cladonía), and found no fungal taxa preferentially colonizing a given species

of lichen forming fungi. The frequencies ofllternaria, Epicoccum, Trichodermø, Mucor

and Mortierella were approximately the same on C. mítis and C. rangíferina thalli.

Despite the often close proximity of moss and lichen samples taken from mixed moss-
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lichen plots, sometimes not more than several inches apart, there was a different

composition of taxa in the fungal assemblages from lichen and moss mats.

Average fungal species richness was higher in samples of Pleurozíum schreberi

than from either of the two lichen thalli (table 2.1). Lower fungal species richness from

lichen samples than from the moss collections was probably a function of higher moisture

levels assumed to be present in those plots containing P. schreberí. Due to its

morphology, P. schreberi capines atmospheric precipitation more effectively, and holds

moisture longer than either species of Chdonia (Ipatov & Trofimets, 1988). Canopies of

Clqdonia alpestrís (syn. C. stelløris) have been shown to dry out within t hours of

saturation. The mid-canopy zone takes between 12-18 hours to dry out, and the base of

the lichen mat remains at 50o/o saturation or more 24 hours after wetting (Kershaw &

Rouse, l97l). Mats ofP. schreberi and. Cladonía spp., growing virtually intertwined

amongst each other, as observed in the mixed moss-lichen plots, have less of a moisture

gradient than in the pure lichen plots. Thus, the lichen bases and canopies of thalli

included in a moss mat tend to have a similar humidity level and are wetter than large

pure stands of lichens where there is a definite gradient of lower moisture (canopy) to

higher moisture (base).

In this study, wetter sites were shown to favour fungi which are adapted to higher

moisture levels. Fungi better adapted to dryer conditions survive in the pure lichen plots

where the lichen canopies dry out faster (Kershaw & Rouse, l97l), and a moisture

gradient is established. Concomitantly, a moisture gradient promotes a grcater diversity

of fungi, due to moist habitat niches at the lichen bases, and dry habitat niches in the

lichen canopies. Trends in my data tended to confirm this, since even though Pleurozium

schreberí had the highest species richness on average, the overall number ofunaveraged

fungal taxa found in the pure lichen plots for both samples of Cladonia rangíferína and

C. mitis were higher (table2.3).

Though there was a significant difference between fungal assemblages found in

Pleurozium samples and lichen species, September collected thalli of Cladonia

rangiferina in pure stands showed the highest species richness. The overall increase in

species richness and occurrence in the September collections as compared to the July
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collections may be explained by increased September rainfall and cooler temperatures

(table 2.4),which facilitate fungal growth (Keller & Bidochka, 1998).

Increased number of rainfall events and total precipitation over the three weeks

prior to September collections were nearly doubled compared to the three weeks prior to

July collections. While total precipitation within one week of collections was similar for

July and September, both max. and average mean temperatures were -10 "C cooler one

week prior to collections for September compared to July (table 2.4). Cooler temperatures

combined with increased frequencies of rainfall events decrease the amount of

evaporation which takes place, resulting in a wetter forest floor in September collections.

Moss and lichen mats may have become saturated, resulting in a more homogenous

moisture regime in both the mixed moss-lichen and pure lichen plots. Thus the increased

moisture holding capacity of Pleurozium schreberí (Ipatov & Trofimets, 1988) no longer

creates differences in moisture levels between plot types in the September collections, as

increased precipitation rates keep pure lichen plot canopies more mesic. This would

explain the greater equality in species richness among the collection type groups in the

September collections. Finally increased evenness in the September fungal assemblages,

contrasted with the July mycota, could be a result of the increased occuffences of fungi

due to the cooler temperatures, increased precipitation, and dryrng events.

The low coefficients of association between the five types of collections (Pure

stands of Cladonia mitis; pure stands of C. rangiferina; C. mítis inmoss; C. rangiferina

in moss; Pleurozium schreberi) for the July collections indicate a lack of association

between the groups. (frg.2.6). The assemblages were neither similar nor different from

each other. However, the coeffrcients of association for the September fungal

assemblages were reasonably strong. These associations indicated that the P. schreberí

and Cladonia assemblages were similar. Again the similarity was most likely a result of
the September moisture and temperature regimes and the biotic and physical nature of the

mats (Ipatov & Trofimets, 1988).

The fact that the nature of moisture gradients in lichen mats affect fungal taxa

richness, evenness, and assemblage associations begs the question of assemblage

differences, and similarities, in mat canopies and bases due to potential moisture

gradients. Are fungal assemblages in the canopy and base of individual lichens different?
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Chapter 3

Spatial comparisons of the fungal assemblages found in
mats of Cludoniø mitis and C. rungiferinø in southern

Manitoba
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Introduction

Vertical stratification within fruticose lichen mats has been demonstrated for a number of

Cladonia species, including C. arbuscula and C. rangiferina (Kershaw &, Field, I975;

Kershaw & Harris, 1971). Three microclimate variables, i.e. temperature, moisture, and

light, are important not only to the fungal assemblages present within Cladonia mats, but

are also metabolically important to the lichens themselves, varying considerably within

lichen mats (Kershaw & field, 1975). For example, under conditions of partial cloud

cover, a temperature difference of l7"C was observed between the canopy and base

within a C. alpestr¿s mat (Kershaw & Field, 1975). Canopies oî Cladonia alpestrishave

been shown to dry out within t hours of saturation, where as the midcanopy zone of C.

alpestris takes 12-18 hours to dry out. The base of the lichen mat remains at 50%o

saturation or more 24 hours later. Such differential drying creates a pronounced moisture

gradient within the mat (Kershaw & Rouse, l97l). Light intensities are highly stratified

within heavilybranched Cladonia mats. Along the vertical profile of C. alpestris,Iight

intensities have been shown to drop from 100% full illumination at the top of the canopy

to l0%o in the first one-third of the height of the mat thalli (Kershaw & Harris, l97l).

Concomitantly, living slmrbiotic algal cells were not observed in the bottom two-thirds of

the thalli (Kershaw & Harris, 1971). Cladonia arbusculø has demonstrated a similar light

profile, dropping from 100% full illumination to l0%o approximately two-fifths the way

down the mat thalli, with similar loss of livingalgal cells (Kershaw & Harris, I97l).

Cladonia rangiferina has a more open canopy, dropping from 100% full illumination to

l}Yotfuee-quarters of the height of the lichen mat thalli (Kershaw & Harris, l97l).

Despite increased light penetration, living algal cells in C. rangíferinamats are not

observed at illumination levels of 40Yo. This suggests that some other parameter, e.g. age

of the podetia, rather than light intensity affects the presence and absence of living algal

cells (Kershaw &, Harris, T97l).

Microhabitat differences, as a function of light intensities, temperature, moisture

and the physiology and biochemistry of the living algal symbiont, establishes different

living conditions for fungal assemblages in the canopy and base portions of the lichen

mats.
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Fungal assemblages have been surveyed from soil (Keller & Bidochka,1998)

and the canopies of lichen and moss mats (Petrini et al.,1990; Thormann et a1.,2004;

Thormann et a1.,2001).In the cited studies, fungi from thalli bases have often not been

studied with the view that fungal inhabitants of the soil and thalli lichen bases are the

same. Petrini et al. (1990) proposed surveying epiphytic rather than terrestrial lichens for

fungal assemblages, to avoid results confounded by soil fungal communities, but never

verified the presence of soil fungal communities in the bases of lichen mats. To date,

study of the vertical profile of the fungal assemblages within Cladonia mats has yet to be

reported in the literature.

Materials and Methods

Collectíon Sítes:

Sites and plots within the 8 x 8 kilometer region of the Sandilands Provincial forest, as

described in Chapter 2 (sect. collection sites), were utilized in this study.

Lichen Assemblages

Surveyingþr Fungal Assemblages and Data Anølysis:

Collection, isolation and identification methods for fungal materials were employed as

described in Chapter 2 (sect. surveying fungal assemblages). September data from the

previous chapter was left segregated into canopy and base fractions. Frequency

charactenzation, sums of squares cluster analyses, principle component analyses and

multiple discriminate analyses were performed. Frequency chaructenzations were

calculated as previously detailed (Chapter 2 - sect. data analyszs). Sums of squares

cluster analyses were conducted mathematically as previously described (Chapter 2 -
sect. data analysis), separately on Cladonía mitis and C. rangiferína samples (Kenkel &

Booth, 1992). Log transformed fungal assemblage frequency data was subjected to

principle component analyses (PCA) separately on both the C. mitís and C. rangìferína

samples, as well as for the combined data set. PCA analyses were conducted

mathematically the same as previously described (Chapter 2 - sect. data analysis). The

first three component axes from the principle component analyses were subjected to

multiple discriminate analyses (MDA), examining any separation of the fungal
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assemblage species composition found between canopies and bases of each lichen

species, and canopies or bases across lichen species (Kenkel & Booth, 1992). MDA

analyses were conducted mathematically in the same manner previously described

(Chapter 2 - sect. data analysís).

Species richness, and evenness, occurrence, and coefficients of association were

determined for each of the canopy and base groups. Detailed explanations for their

calculation is provided in Chapter 2 (sect. data analyszs), and by Krebs (1972). Average

species richness was derived by summing the total number of fungal taxain each plot of a

specific canopy or base group and dividing it by the total number of plots in the group

(five).

Occurrence, expressed as a percentage of the number of observations of a fungal

taxon divided by the total number of collections (usually 15), was calculated for the mat

vertical profile Broup, i.e. canopy and base portions of the thalli.

Data orqanization

Fungal assemblage frequency data was further organizedby groupingmat samples

together, constructing eight 'canopy and base' groups. Canopy groups included: 1)

Cladonía mitis canopy samples from pure lichen plots (LMC);2) C.mìtis canopy

samples from mixed moss-lichen plots (MMC); 3) C. rangiferina canopy samples from

pure lichen plots (LRC);4) C. rangíferina canopy samples from mixed moss-lichen plots

(MRC). Base groups included: 5) C. mitis base samples from pure lichen plots (LMB); 6)

C. mitís base samples from mixed moss-lichen plots (MMB); 7) C. rangíferinabase

samples from pure lichen plots (LRB); an¿ 8) C. rangiferinabase samples from mixed

mosslichen plots (MRB).

Soil Assemblages

Surveying þr Fungal Ass emblages :

Collection of substratum

Fifteen soil samples from beneath Cladonia rangíferina mats were collected, using a4crn

deep, 5cm diameter bulk density ring, from sampling three of the ten selected 5x5m plots

(five samples per plot) previously studied for lichen assemblage fung. Similarly, 15 soil
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samples were taken beneath mats of Cladonia mítis from three of the ten selected plots

previously studied. The five samples per plot were randomized over 25 1 x lm quadrats

within the selected plots. Samples were placed in labelled plastic bags and returned to the

laboratory for further processing.

Isolation of funsi

Soil samples were sifted through a clean 1.7mm sieve. Captured litter was transferred to a

sterilized Sartorius filter apparatus and washed in 20 changes of sterile distilled water to

remove fungal spores (Muhsin & Booth, 1987). For each soil sample, 20 washed pieces,

4-5 mm in length, of litter (senescent lichen matenal, rotted twigs etc.) were subsequently

removed aseptically from the filter apparatus and equidistantly arranged in lots of five per

petri plate on rose Bengal agar (Malloch, 1981). Four petri plates per sample were

incubated at - 20oC and checked daily for developing fungi. Developing fungal colonies

were observed and hyphae transferred to separate petri plates of potato dextrose agar

(Malloch, 1981).

Occurrence

Utilizinga frequency table (appendix 11a), occrurence was calculated for the combined

soil fungal assemblages of Cladonía rangíferina and C. mitìs by plot type, (i.e. the

number of lichen samples containing a specific fungal species collected from a specific

plot type, over the total number of lichen samples of that plot type). Frequencies of

individual fungal taxa on washed soil litter were taken as the number of finds divided by

the number of starts (in this case 20) from each of the soil samples.

Results

Cluster analyses of the frequencies of fungal taxa over all canopy and base groups for

Cladonia mitis (appendix 9a) and. C. rangiferina (appendix 10a) mat collections showed

separation of collections of the thallus parts with their different fungr. C. mitis canopy

samples grouped together predominantly in cluster B, while bases grouped in cluster A

(fig. 3.1). C. rangiferina canopy samples clustered in 'A' and base collections grouped in

'B'(fig.3.2).
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Multiple discriminate analyses of the canopy portion ofboth lichens for the

matrix of frequencies of fungaltaxaby thallus samples, showed no signifìcant differences

between Cladonia mítis and C. rangiferina. Simllarly, comparisons of C. mitis and C.

rangiferina fungal frequencies on thallus base portion samples yielded no differences

between the two lichens.

Conversely, comparisons of the fungal assemblages of the canopies of C. mitis

with its lower base strata yielded significant differences in the fungal assemblages.

Additionally, multiple discriminate analysis comparisons of the canopies of C.

rangiferína with its corresponding lower base strata showed significant differences

(appendices 9a-c & 1Oa-c). Although there were no significant differences in canopy and

base samples across the two lichens, comparisons of multiple discriminate analysis

results from canopy samples and base collections yielded significant differences for thalli

of C. mítis artd C. rangíferina separately.

Diversity indices, determined for the canopy and base fungal assemblages,

indicated little difference in average species richness (6.4 - 7.8) or evenness (0.92 - 0.95)

(table 3.1). All the assemblages are markedly even in their fungal species distributions

and average in species richness.

Table 3.1 - Species Richness & Shannon-'Wiener diversity indices for the grouped data
set.

Pooled
Samnles

Species
Richness Evenness

LMC: 6.8 0.95

MMC: 7.2 0.92

LMB: 7.8 0_93

MMB: 7.2 0.94

LRC: 1.2 0.95

MRC: 6.4 0.95

LRB: 6.8 0.93

MRB: 7.6 0.94
LMC : Cladonia mitis canopy samples from pure lichen plots
MMC: Clqdonia mitis canopy samples from mixed mossJichen plots
LMB : Cladoniq mitisbase samples from pure lichen plots
MMB : Cladonia mitisbase samples from mixed moss-lichen plots
LRC : Cladonia rangiferina canopy samples from pure lichen plots
MRC: Cladonia rangiferina canopy samples from mixed moss-lichen plots
LRB : Cladonia rangiferinøbase samples from pure lichen plots
MRB : Cladonia rangiferina base samples from mixed mossJichen plots
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The number of taxa over all the canopy and base fungal assemblages ranged from

ll-I4 (x: 12 +1) with LRC at 14taxa and falling more then one standard deviation

higher than the mean (table 3.2). Included among taxa which were encountered onZ25Yo

of the samples from all canopy and base groups were: Alternaría spp.; Penicillíum spp.

(non-sclerotial); and Trichodermd spp..

Table 3.2 - List of fungal assemblages and occurrences for canopy and base groups.

LMC LMB LRC LRB MMC MMB MRC

LMC : Cladonia mitis canopy samples from pure lichen plots
MMC : Clødoniø mitis carrcpy samples from mixed moss-lichen plots
LMB : Cladonia mitisbase samples from pure lichen plots
MMB : Cladonia mitßbase samples from mixed moss-lichen plots
LRC : Cladonia rangiferina canopy samples from pure lichen plots
MRC : Cladonia rangiferina canopy samples from mixed moss-lichen plots
LRB : Cladonia rangiferina base samples from pure lichen plots
MRB : Cladonia rangífertna base samples from mixed moss-lichen plots

Alternaria spp. and Cladosporíum # I had high (> 70%) occurrence across all

canopy collections ofboth lichens (table 3.2)- On average, Epicoccum purpurascenshad

slightly lower occrrrence (>50%) in canopy collections. Absídia coerulea, Mortíerella

isabelltna/vinacea complex, Mucor # l, Mucor # 10, Penìcíllium spp. (non-sclerotial),

and Tríchoderma spp. occurred in more than 45o/o of thallus base samples of the two

lichens.

Absidia coerulea 0.13 0.6 0.07 0.47 0.14 0.33 0.33

Alternaria soo 0.8 0.27 I 0.27 I 0.33 0.87 0.4

Asoersillus alutaceus sroup 0.07 0.07

Cladosporium # I 0.8 0.4 0.87 0.07 0.86 0.13 0.73 0.13

Cladosporium # 2 0.07 0.27 0.07 0.07

Cunnins h am e ll a el es ans 0.o7

Enicoccum Dumurascens 0.53 0.2 0.8 0.01 0.36 0.13 0.4 0.07

Mortierel la is ab el lina/vinacea comolex 0.33 0.53 0.2 0.53 0.43 0.s3 0. l3 0.53

Mucor # I 0. l3 0.41 0.2 0.6 0.43 0.13 0.21 0.6'7

Mucor # 4 0.07 0.13 0.07 0.07

Mucor # 5 0.o7

Mucor# I0 0.13 0.67 0.07 0.67 0.14 0.47 0.27 0.67

P enicil lium (non- s cl ero tial ) 0.33 0.67 0.27 0.47 0.5 0.47 0.53 0.47

P enicil lium ß clerl otíal ) 0.13 0.07 0.13 0.13 0.13 0.2

Rhizopus oryzae 0. l3 0.07 0.07 0.07 0.14 0.07

Rhizonus # 2 0.14 0.07

Trichoderma soo 0.47 0.6 0.27 0.6 0.5 0.73 0.4 0.73
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Zy gomy cetes, includin g: Ab s í dí a c o e rul e a; M o r ti er e I I a i s ab e I I ín a/v in a c e a

complex; Mucor # 1, 4 ,5, & 1 0; Rhizopus oryzaei and Rhizopus # 2; accounted for 36%o

(MRC) to 54o/o (MMC) of the taxa in the assemblages across all canopy and base groups

(table 3.2). Mean occurrences of the Zygomycetes were 45Yofor MRB; 43o/ofor MMB;

40%ofor LMB and LRB;21%ofor MMC; l8o/ofor MRC; l7o/ofor LMC; andllo/ofor

LRC. At coefficients of association for the fungal assemblages in canopy and base groups

at>7ÙYo (fig. 3.3) MRB, LMB, and LRB are strongly associated as a group. Also, MMB

and MMC are strongly associated as an independent pairing at>7ïYo occurrence. The

pure lichen canopies (LMC and LRC) of C. mitis and C. rangiferina are strongly

associated with one another and have association with MRB, LMB and LRB. The

assemblages of MRC show no association with any of the assemblages on the other

canopy and base groups.

MMC MRC
LMB 0.72 0.60 0.56 0.72 0.72 0.72 0.33

LMC 0.60 0.s6 0.72 0.72 0.12 0.33

MMB 0.75 0.33 0.63 0.33 0.23

MMC 0.25 0.47 0.25 0.17

LRB 0.38 0.72 0.33

LRC 0.38 -0.02

MRB 0.60

Fig. 3.3 - Coefficients of association for fungal assemblages in canopy and base group
pairings.

Absidía coerulea, Mortíerella ísabellina/vínacea complex, and Rhizopus oryzae

showed increased average occuffences on thalli of Cladonia mitis as contrasted with

isolations from C. rangiferína (table 3.2). Mortierela isabellina/vinacea complex

occurred at40o/oonC.mitís and- l5o/oonC.rangiferina.Absidíacoerulea and-R. oryzae

occurred at- I5o/o on C. mitís and around 5o/o on C. rangiferina.

Fungi isolated from washed litter pieces re*orred from soil samples collected

undemeath Cladonia mitts and C. rangiferinamats (appendix 11a) totalled 11 taxa (table

3.3). Of these taxa, six were previously isolated from washed thalli of the two lichens.

Cladosporium # I; Mortierella ísabellína/vinqcea complex; Mucor # 10;- Penícillium

(non-sclerotial); Penicíllium (sclerotial); and Trichoderma spp. fell into this category.

High occurrence (>40Yo) featured Mucor # 10 and Tríchodermd spp. Five taxa (i.e.
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Absidia caliþrníca; Aureobasídíum pullulans; Mucor # 12; Trichoderma# I and

Zygorhynchus exponezs) of the l l soil litter isolates were encountered only in soil

collections. Eleven fungal taxa were only encountered in the lichen mats and not in the

soil litter layers (i.e. Absidia coerulea; Alternaría spp.; Aspergillis alutaceus grovp;

Cladosporium # 2; Cunninghqmella elegans; Epicoccum purpurascens; Mucor # l, 4, &

5; Rhízopus oryzae; Rhizopus #2) Among fungr isolated from lichen thalli and not

collected from soil litter Alternaria spp., Epicoccum purpurascens; and Mucor # I were

of high occuffence (table 3.2) (photographs of select fungal taxa can be seen in appendix

15a).

Table 3.3 - List of fungi and their occurrences on washed litter from soil samples taken
beneath Cladonìa mitis and C. rangiferinamats.

Fungal Taxa Pure Lichen Plot Mixed Moss-Lichen Plot
Absidiq californica Ellis & Hesseltine 0.13 0.07

Aure o b as i dium oullulans 0.07 0.07

Cladosporium # I 0.13 0.01

M o rtiere I la is ab ellina/vinacea 0.13 0.2

Mucor # 12 0. l3 0.2

Mucor# I0 0.6 0.47

P enicil lium sop. ß cl ero tial ) 0.07

Penicillium spp. (non-sclerotiql) 0.07 0.07

Trichoderma # I 0.2 0.07

Trichoderma sno. 0.47 0.47

Zv s o rhvnchus exq onens Burseff 0.07

Discussion:

Although there were no significant differences in the fungal assemblages on Cladonia

mitis and C. rangiferina (Chapter 2, frg.2.3), confirming Petrini's (1990) findings

demonstrating no fungal taxa preferentially colonizing eight Cladonía taxa and

Stereocaulon dactylophyllumFlorke, in my study, assemblages on canopyportions of the

lichen were significantly different from those on the base section of the thalli (figs. 3.1-

3.2). Species richness (diversity) and evenness of the taxa (table 3.1) were generally the

same for each of the canopy and base assemblage groups. However, assemblages

associated with the C. rangíferína canopies of pure lichen plots were more diverse in

fungi than the other canopy and base groups, again suggesting differences among

assemblages along the length of the lichen thalli (table 3.2). This was corroborated by the
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generally higher occurrence of Alturnaría spp., Cladosporium# I and Epicoccum

purpurascens in canopy collections than in base samples, consistent with the literature, in

lhatAlternarìa spp., Epicoccum purpurascens, and Cladosporium spp. all commonly

have epiphytic tendencies (adapted to high light intensities, frequent desiccation, and

high temperature fluctuations) (Petrini et aL.,1990; Pugh, 1980).

That AbsídÌa coerulea, Mortierella isabellína/vÌ,nacea complex, Mucor # 1, Mucor

# 10, Penicillium (non-sclerotial), and Tríchoderma spp.occurred in more than 45o/o of

thallus base samples, is further evidence for an environmental gradient in the lichen mats.

Absidía coerulea, Mortierella isabellina/vinacea complex, Mucor # l, and Mucor # l0

are all Zygomycetes, which generally prefer moist environments (Chowdhery et al.,

1982).It is known that highlybranched Cladonia lichen mats maintain humidity,

particularly in the base region of the thalli (Kershaw & Field, 1975). Dense canopies of

lichen mats also shade the environment, protecting it from ultraviolet radiation (Kershaw

& Harris, 1971). The combination of high humidity levels and shading of the bases of

highly branched Cladonia mats helps to maintain temperature, reducing the temperature

fluctuations that occur in ambient air, protecting organisms in the microhabitat from heat

stress (Kershaw & Field, 1975; Kershaw & Hamis, l97l).

Despite the tendencies of highlybranched Cladonía lichen mats to retain

moisture, it is known that the thalli differentially dehydrate from the highly branched

canopy to the base (Kershaw & Rouse, 1971). The complexity of branching within the

lichen canopy determines the amelioration of moisture within the mat. In highly branched

and enclosed canopies of C. mítis sufficient moisture may be trapped to create minor

differences in moisture along a gradient between bases and canopies. [n contrast, the

greater openness of canopies of C. rangiferina (Kershaw & Harris, l97l) suggests the

possibility of greater differential dryrng within the canopy versus the base of the thalli,

and establishment of a more defined moisture gradient.

Moisture gradients are well known to influence the presence and absence of fungi.

Zygomycete occurrences (table 3.2) and coefficients of association (fig. 3.3) indicated

differences attributable to moisture availability, moisture retention of humidity, and

moisture gradient establishment. All base collections in the mats were higher (>40%) in

Zygomycete occurrences, indicating that moisture levels were sufficient to support these
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fungr. Canopy collections across the collection type groups were lower (ll-21%) in

Zygomycetes suggesting less than optimal conditions of moisture for these fungi. It is

interesting to note that canopies of pure Cladonia rangiferina stands (LRC) had the

highest diversity of mycota among all the groups. This may reflect thefact that this mat

goup had amoisture gradient of wide spatial and temporalrange. Also, the diversity of

taxa were highest for the pure stands of C. rangíferina arrongthe collection type groups

(Chapter 2,table2.2).

Further indication of the influence of moisture along a gradient, as related to

lichen architecture (degree of branching of podetia), was seen in the higher occuffences

of Absidia coerulea, Mortierella isabellina/vinacea complex, and Rhizopus oryzae from

Cladonia mítís than C. rangiferina.Branching of C. mítis is more complex than in C

rangiferina, suggesting the maintenance of a moisture gradient for a longer time in the

former over the later.

In addition to the establishment of moisture gradients in lichen mats, nitrogen and

other potential nutrients occur in gradations along the mat thalli. Nitrogen is mobilized in

older regions of the lichen thalli and transported to the growing apices (Dahlman et al.,

2002; Hyvarinen & Crittenden, 2000) where it accumulates. This can produce

pronounced vertical gradients of nitrogen, as seen in Cladonía stellaris and Stereocaulon

paschale (L.) Hoffrn. (Crittenden, 1988). During the fungal isolation phase of my work it

was observed that Cladosporium #'s I &,2 required nitrogen (peptone) to sporulate in

culture. The high canopy occurrence of Cladosporium #'s I & 2 canbe partially

explained in light of the accumulation of nitrogen the lichen mat canopies. Vertical

gradients of nitrogen may not only affect the sporulation of Cladosporiumbttmay even

determine occuffence of other fungi in the canopy and base regions of lichen mat thalli.

As mentioned earlier, highly branched fruticose lichens are effective particulate

filters, due to their highly branched structure which creates abundant traps for

particulates. Particulates are trapped in considerable quantity on the extemal surface, and

accumulate in the intemal spaces of fruticose lichen thalli by gravity and item flow

(Longton, 1988). Such captured particulates include pollen and a variety of litter, i.e.

conifer needles and bark chips. Pollen production is episodic, and anthesis in most

species lasts approximately two weeks (Lee et al., 1996b). A jack pine stand, typical of
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the Sandilands region, can release 24.6kgof pollen per hectare yearly (Lee et al.,l996a).

Once trapped, pollen and litter substrata gravimetrically and hydrologically settle in the

lichen mats and establish gradients of various attendant nutrients. Massive inputs of

pollen, which initially accumulates in the mat canopy, are known to support such fungi as

Alternaria spp., Cladosporíum spp. Penicíllíum spp., and Rhizopus spp. (Venugopal Rao

& Manoharachary,l985).

Other nutrient inputs occurring sporadically come from the leakage of

metabolites, occurring from the lichen with the onset of rainfall (Farrar & Smith, 1976).

Lichen thallus hydration results in the depletion of glucose from the phycobiont, as it is

transferred to the mycobiont during hydration periods. Frequent alternating of wetting

and drying cycles allows the transfer of glucose to the mycobiont without depleting the

resources of the phycobiont (Kershaw, 1985). Fungi, other than the mycobiont of the

lichen thallus, likely utllize these leachates when they are released during hydration of the

lichen thallus. Zygomycetes, such as Absidia spp., Cunninghamella spp., Mortierella

spp., Mucor spp., and Rhizopus spp. are widely known to be highly active procurers of

glucose.

The highly varied environment within lichen mats suggests that organisms living

within them are presented with a range of niches. Fungi in niches are strategically

adapted to specific conditions. Grime (1979) recognized that groups of organisms

demonstrate strategies in response to nutrients (stress) and perturbation (disturbance)

re gimes whi ch char actenze gener alized ni ches.

Pugh (1980), theorizing on fungal ecology, proposes adoption of Grime's (1979)

strategies, utilizing the concepts of stress and disturbance. Stress, which is any factor that

affects the ability to procure nutrients includes, among other factors: l) moisture; 2)

temperature extremes; 3) ultraviolet light; and 4) allelopathy. Disturbance, a dramatic

alteration of the norrn, such that fungal biomass is reduced either by its destruction, or the

superimposition of a new environment over an existing one, encompasses such factors as:

1) sudden massive additions or deletions of nutrients; 2) water saturation with

concomitant anoxic conditions; 3) extirpation; or 4) addition of antifungal substances.

Lichen mats in forest ecosystems are high disturbance environments. With

periodic inputs of needle litter, bark etc., high levels of nutrients are common in mats on
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the forest floor. With episodic deposition of massive levels of nutrients and substratum

during periods of pollination and rainfall, conditions for high disturbance are met. As

further evidence of high disturbance of lichen mats, extirpation (removal) commonly

occurs by grazingor trampling. Lichens are particularly vulnerable since they lack root

systems (Brodo et aL.,2001), and can be removed easily. Thirdly, water saturation and

anoxic conditions, particularly in mat bases, are coÍtmon features during and

immediately after heavy rainfall (Kershaw and Field, 1975). Finally both C. rangiferina

and C- mitis also produce secondary compounds which have antibacterial and antifungal

properties (Brodo et a1.,2001; Elix, 1996).

Four major life strategies: competitors, stress tolerant, ruderals, and survivors-

escapers are recognizedby Pugh (1980). Competitors are fungi living in a regime of low

stress and low disturbance. Stress tolerant fungi survive under high stress and low

disturbance. Survivors-escapers thrive in high stressÆrigh disturbance environments and

ruderals grow in low stresslhigh disturbance environments. With lichen mats being high

disturbance microhabitats, conditions for fungi living within them are reshicted to low

stresslhigh disturbance (bases of thalli) and high stress/high disturbance (thallus canopy)

microhabitats.

Lichen mat canopies are high stress environments in contrast to lichen bases,

which are taken to be low stress environments. The surface temperatures of lichen

canopies often reach much higher temperatures than the surrounding ambient air. Surface

temperatures of Cladonia stellarts mats have been seen to reach 40"C during solar noon,

when the ambient air temperature is as low as 20'C (Tegler & Kershaw, 1980). Fungi

found in lichen canopies are provided with little protection from ultraviolet radiation, and

lichen canopies dry out much more rapidly than the lower portions of the mat (Kershaw

& Field, 1975; Kershaw & Harris, l97l).

High occurrences of Alternaria spp., Cladosporium # I 8L 2 and Epicoccum

purpurascens in the canopies of C. mitis artd C. rangiferina, indicat that these fungi are

survivors-escapers (high stress/high disturbance). Taxa of Alternaria, Cladosporíum, and

Epicoccum have been previously classified as survivors/escapers, being found in such

high stress/trigh disturbance environments such as living leaves; exposed to widely

fluctuating temperatures, high ultraviolet radiation, and general desiccation (Pugh, 1980).
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Ruderal propagules germinate readily and mycelial growth is rapid. These factors

enable ruderals to act as pioneering species, colonizing easily decomposed, non-refractive

substrata (Pugh, 1980). High humidity levels and shading of the bases of highly branched

Cladonia mats, as well as reduced temperature fluctuations, protect organisms in the

microhabitat from desiccation, ultraviolet radiation, and heat stress (Kershaw & Field,

I975; Kershaw & Harris, l97l). Absidia coerulea, Mortierella isabellína/vinacea

complex, and Mucor # | 8. # 10, utllizing high levels of glucose in culture, growing

rapidly, and of high occuffence in the bases of lichen mats, are most likely ruderals.

Pugh (1980) also identifies many Zygomycetes as ruderals, and suggests that most

soil fungi fall into this strategic category. Keller & Bidochka (1998) also record

Cunninghamella spp., Mortierella spp., Mucor spp., and Rhízopt¿s spp. as coÍlmon

components in soil. That some representatives of these Zygomycetes i.e. Mortierella

isabellína/vínacea complex andMucor # l0,wereofhighoccuffenceonlichenmatbases

and washed litter from soil collections beneath the lichen mats in my study (tables 3.2 &,

3.3), suggests that they are opportunistic and thriving in environments of low stress.

Comparisons of the soil and lichen mat fungi surveyed shows atotal of 22 firngal

taxa isolated from Cladonia mitis thalli, C. rangíferina mats and underlying soil samples

(tables 3.2 &,3.3). Eleventaxa occur only in the lichen mats (base and canopy), while

five taxa are restricted to the soil. Thus, 65% (ll of l7) of the mycota isolated from

lichen mats are unique to the lichen thalli.

Highly branched Cladonia mats may create a unique microhabitat in the soils

beneath them. Soil litter restricted presence of Absidía californíca; Aureobasidium

pullulans; Mucor # 12; Tríchoderma # l; and Zygorhynchus exponens indicated such a

phenomenon.

Examination of the soil fungi found from surveying soil litter layers beneath the

lichen mats revealed that Cladosporium # I was both in the soil litter mycota and at high

occuffence in the canopy portion of the lichen thalli. Among the fungi of high occurrence

on bases of lichen mat thalli, Mortierella isabellína/vinacea; Mucor # l0; Penícillium

(non-sclerotial); and Tríchodermd spp. are routinely isolated from soil bome litter. My

results suggest that soil litter fungi may act as an inoculum for not only lichen mat base

assemblages but also for canopy assemblages. Furthermore, fungal inhabitants of soils
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are known to change over time (Ananda & Sridhar, 2004; Keller & Bidochka,7998; Zak

& Parkinson,l9S4) which may serve to partially explain my earlier results demonstrating

temporal changes in lichen mats (Chapter 2,tables 2.1-2.3).

Alternaria spp. and Epicoccum purpurascens, of high occuffence in lichen canopy

assemblages, were not soil litter inhabitants as determined in this study. These taxa are

known epiphytes (Petrini et al.,1990; Pugh, 1980) with large dermateaceous spores

adopted to survival and life in environments with high light (Dunell & Shields, 1960;

Joensson, 1967; Pugh, 1980). Found in the assemblages of lichen mat bases at high

occuffence, Mucor # I was not present in the soil litter mycota. As aZygomycete, this

taxon may be responding to the unique moisture gradients within lichen mats.

Though circumstantial,itis probable to conclude thataportion of the lichen mat

canopy and base fungal assemblages was derived from soil bome inoculua. However,

what was the inoculum for higher occuffence fungi i.e. Alternaria spp.; Epicoccum

purpurdscens; and Mucor # 1, which were not found from soil litter? These fungal taxa

may sporulate and spread by wind or water dispersal of propagules. lnoculum may also

arise by dispersal of existing lichen fragments infested by these fungl. In the ensuing

chapters of this thesis the question of lichen dispersal and its possible impact on fungal

assemblages associated with lichen mats is examined. Secondly, in the construction of the

two Cladoniz species studied, are there differences in fungal assemblages across arange

of different types of fruticose and foliose lichens?
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:

r Intraspecific Variation Within the nuclear SSU rDNA
: fot Pop,rlations of Cludoniø urbusculain Northern
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Introduction

Inoculum responsible for the presence of fungal assemblages within lichen mats at least

pafüally arises from the soil litter layers beneath the mats (Keller & Bidochka,1998;

Pugh, 1980; Chapter 3 - table 3.3). Differences seen in fungal taxa between the soil and

lichen mat assemblages (Chapter 3 - tables 3.2-3.4) leave unresolved questions as to their

inoculum source. Sporulating fungal taxacan spread by wind or water dispersal of
propagules. Inoculum may arise by dispersal of existing fungus (spores and hyphae)

attached to lichen fragments (thalli and soredia).

Fruticose lichens are effective traps for foreign materials, including lichen

fragments, along with needle and twig litter, pollen, rain and insect exoskeleton parts.

Lichen fragments, along with their attendant fungr, are trapped on external surfaces, and

may accumulate in the internal spaces of fruticose lichen thalli (Longton, 1988). Once in

favourable microhabitats, such as within a lichen mat, it is assumed that the transported

fungal propagules begin to develop into mycelia. Fragments of lichen thalli transporting

fungal inoculum, can be derived from separate lichen patches. Co-dispersal of lichen

thallus fragments and mat associated fungal taxa, canpotentially introduce new fungal

inoculum into lichen mats. Thus, in terms of propagule dispersal and infestation of lichen

mats by other fungi, the dispersal strategies of lichens (thallus fragments and soredia vs.

sexually produced spores) must be examined for their degree of occurrence.

Sexual reproduction, resulting in the production of apothecia and ascospores,

while important in maintaining genetic diversity, is assumed to occur less frequently in

the 'reindeer lichens' (Cladonia sect. Cladína as per Stenroos et a1.,2002) than asexual

or vegetative reproduction (Yarranton,l975). Reindeer lichens are assumed to reproduce

primarily by fragmentation as a result of disturbance (Yarranton,1975). Fragments of the

lichen thallus can then be dispersed by wind, water or animals (Kiss, 1985). Thomson

(1972) noted flow lines of arctic melt water carrying lichen fragments, and Westman

(1973) reported lichen fragments in arctic drift ice, suggesting that these fragments could

be carried a shore by birds. Richardson (1975) as cited in Bailey (1976)) listed several

species of birds incorporating lichens in nests.

Dispersal studies were once limited to experimental lab conditions such as wind

tunnels (Armstrong,1994; Bailey, 1966), or short distance field experiments using
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marked lichen thalli (Heinken,1999) or spore samplers (Marshall, 1996). 
'While 

these

studies provided direct and valuable information, the data were incomplete. Modern

molecular techniques allow lichen dispersal to be indirectly assessed by measuring

genetic differenti ati on among popul ations (H ageman & Fahselt, I 9 92; P nntzen, 2003 ).

The SSU rDNA of lichen-forming fungi contains a large amount of variation even within

species, due to optional group I intron insertions (DePriest, 1993a). Within the genus

Clødonia, these introns have been mapped for a number of species including C. subtenuís,

C. gracilis, C. rangiferina andthe C. chlorophaeø complex, finding various combinations

of these introns being present or absent along five positions on the rDNA repeat (Beard &

DePriest, 1996;Depriest&Been, 1992;DePriest 1993b;Piercey-NotTnore,2004). Since

these introns are often spliced out during the transcription of rDNA to rRNA, the introns

potentially are not subjected to evolution's natural selection processes, allowing for

higher sequence evolution rates and greater length variations. Restriction fragment length

polymorphisms (RFLPs), microsatellites, and sequencing techniques have all been used

with introns in population studies (Booton et al. , 2004; Coates et al. , 2002; Járvinen et al.,

2003). The presence or absence of the introns within the SSU rDNA, provides additional

length and nucleotide sequence variation to conduct population studies, which is

particularly useful as rDNA is highly conserved within species.

Cladoniø arbuscula (Wallr.) Flot. is a reindeer lichen, with highly branched

hollow podetia, no cortex, and yellowish-green in color. C. arbusculahas no vegetative

propagules such as soredia or isidia, though it does have pycnidia. Pycnidia arc hollow

enclosures lined with conidiophores which produce conidia. The conidia disperse

independently of the lichen photobiont and re-associate with a new algal partner to form a

new lichen thallus. C. arbusculø reproduces vegetatively by fragmentation and pycnidia,

and sexuallyby apothecta. C. arbuscula grows abundantly in northem regions, including

northern Manitoba, usually over rocky ground or thinsoil (Brodo et aL.,2001). C.

arbuscula is commonly mistaken for C. mitís, but tends to have denser crowns, the

presence of fumarprotocetraric acid (absent in some populations, particularly in

Manitoba), more prominent browning of the tips, and a tendency for those tips to curve in

one direction, giving a comb like appearance (Brodo et aL.,2001). Some lichenologists do

not separate the two lichen forming fungi (Brodo et a1.,2001). Indeed, separation of the
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two lichen forming fungal taxa, even at the molecular level was not seen (Stenroos et al.,

2002). This study examined variation in the SSU rDNA of populations of C. arbuscula,

to infer dispersal of thallus fragments. C. mitis was not used as C. arbuscula was much

more prevalent in the area, and the collector was under the assumption the C. arbuscula

samples collected were C. mitis and could not identiff the subtle differences

distinguishing them under field conditions.

Materials & Methods

Lichen sømples

Fifty specimens of Cladonía arbuscula were collected along ten transects from boreal

Manitoba, five samples per transect (fig. 4.1). Samples were collected from separate mats

of C. arbuscula,withdistances between mats varying from 1-8 meters. Five of the

transects were placed on separate islands, with water separating these transects.

Additional verification of sample identifications was done by detection of secondary

compounds using thin-layer chromatography (TLC) (appendix 14c) according to methods

described by Culberson et al. (1972;1974) (vouchers of scanned images for the TLC

plates are available in molecular laboratory of Dr. Piercey-NorTnore, U of M).

Fig.4.1 - Topographic map of Payuk lake, northern Manitoba. Transect sites are labelled.
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Site Descriptions

Dominant vegetation in the Payuk lake regions sampled consisted mainly of Jack pine

growing on Precambrian shield. Pleurozium, Peltigera, Stereocaulon, Vulpicida, Evernia,

Usnea and Cladonia were cornmon undergrowth and epiphytic vegetation present. Two

independent estimates of the percentage of each transect shaded by tree cover were taken

and averaged. Transects \ryere then categorized into three groups based on the average

percentage cover: Wooded (75-100% cover), Partially Exposed (25-75% cover), and

Fully Exposed (<25% cover). Compass headings were taken to determine the direction

each transectran, and aspects of any slopes present were noted (table 4.1).

Table 4.1 - Site descriptions of transects from the Payuk lake region.

Transect Transect Direction and Topoeraphv Slone Aspect Exposure
N-S N Fullv exposed

2 S-N E Fully exposed
J s-N (10'-190') N Vy'ooded

4 N-S (330'-150o) over a ridge NNW-SSE Wooded
5 N-S (350'-170') N&S Partiallv exoosed

6
NE-SV/ (50'-230') along bedrock sloping to
the water's edse. Open to lake.

SE Fully exposed

7 S-N No slope Fully exposed

8 N-S with large boulders N Wooded
9 ENE-WSW (60'-240") along a rock bluff. WSW-ENE Partiallv exposed

10 NE-SW (45"-225") along a ridge crest SE Partially exposed

DNA extraction

Isolation of genomic DNA was performed following the methods of Grube et al. (1995).

Genomic DNA was extracted by grinding approximately 0.5øn2 of lichen thallus per

sample in TES buffer (l00mM Tris, pH 8, 10mM EDTA, 2% SDS), using plastic blue

pestles and 1.5m1eppindorf tubes. After grinding, NaCl and CTAB

(cetyltrimethylammonium bromide) were added to 986mM and0.99%o concentrations

respectively. Samples were vortexed, followed by incubation for thr. at 65 'C. Upon

adding an equal volume of chloroform : isoamyl alcohol Qa:l and mixing for I min.,

samples were centrifuged at 5,000 rpm for 5 min. The supernatant was transferred to a

clean eppindorf and the chloroform : isoamyl alcohol extraction was repeated with the

supernatant again being transferred a clean eppindorf tube. DNA was precipitated by the
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addition of 0.2 vol. of NaCl and 2-5 vol. of 100% ethanol to the transferred supernatant.

Samples were allowed to stand for 5 min., followed by centrifuging for 5 min. at 13,000

rpm. The supernatant was discarded and the DNA pellet washed with cold 80% ethanol.

Eppindorf tubes with the DNA pellet were turned upside down and allowed to air dry for

25 min. at room temperature. The DNA pellet was then resuspended in warm sterile

distilled water.

Electrophoresis & Quantification of DNA

A 1% ag¿ìrose gel containing 0.5mg/ml ethidium bromide was prepared in 1x TBE buffer

(Tris 89mM, Boric acid 89mM, and EDTA 20mM). Three pl of each DNA sample was

mixed with one drop of sterilized distilled water and one drop of 6x methylene blue

loading dye on parafilm, and placed into separate wells. Half a pg of a I Kb Plus DNA

ladder (BRL) was also mixed with one drop of sterilized distilled water and a drop of 6x

methylene blue loading dye on parafilm and placed in the first well of the gel. The gel

was run at I20 volts for approximately 35 min., inside an electrophoresis unit (Fisher

Biotech electrophoresis system mini horizontal unit FB-SB-710) containing lx TBE

buffer, until the loading dye was approximately 1.5cm from the bottom of the gel. The

gel was removed from the electrophoresis unit and DNA bands were visualized under a

UV transluminator. DNA concentrations were determined by comparing the band

intensities of the DNA with the intensity of the 1650bp band of the I Kb Plus DNA

ladder. The 1650bp band of the 1 Kb Plus DNA ladder represents approximately 40ng of

DNA when 0.5pg of ladder is loaded.

PCR amplification of DNA

PCR was performed on all samples. Primers (nu-SSU-1427-5') 5'-TTTGA GGCAA

TAACA GGT-3'; (nu-SSU-l583-5') 5'-CAACG AccAA TTCCT AGT-3'; (nu-SSU-

1580-3') 5'-GATGA CTCGC GCTTA CTA-3'; and (nu-SSU-l750-3') 5'-tuqACC

TTGTT ACGAC TTTTA-3' (Gargas & DePriest,1996) were used for amplifuing the 3'

half of the SSU rDNA (fig. a.Ð. Primers nu-SSU-1427-5' andnu-SSU-l583-5' indicated

the presence or absence of introns, while DNA fingerprint banding patterns were

produced using primers nu-SSU-l580-3' and nu-SSU-l750-3' (18 &20bp primers
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respectively) as a result of non-specific binding of the primers due to introns. The PCR

protocol utilized 1.6 units of Taq polymerase (BRL), the buffer (50mM KCl, 10mM Tris-

HCl, pH 8.3),2 mM MgCl2, 0.5 pM of primer, and2 mM of dNTP's, in a 50 pl reaction

volume. Following an initial denaturation step of 5 min. at94oC, the reactions underwent

33 cycles of denaturation at 94oCfor 45 sec., annealing at 56'C (forprimers nu-SSU-

1583-5' & nu-SSU-1150-3') or 54 oC (for primers nu-SSU-l 427-5' & nu-SSU-l580-3')

for 45 sec., and extension at72 "C for 2 min in a Fisher Scientific Techne Genius

thermocycler. PCR product was run on lo/o agarose gel stained with ethidium bromide,

and visualized under a UV transluminator (see electrophoresis section above). Both lkb

and 50bp ladders were used as size standards.

1s97-3',
l' 1750-3',

Region A Region B

Fig. 4.2 - Diagram of a portion of the nuclear ribosomal DNA repeat unit, showing
location and direction of primers.

Data analysis

DNA bands visualized under the UV transluminator were scored as either present or

absent for each of the samples for region B. Data collected from region B was then

subjected to a sums of squares cluster analysis, conducted mathematically as previously

described (Chapter 2 - sect. døta analys,s). DNA bands visualized from amplification of

region A were scored as either: intron absent (0), intron present (1), or intron both present

and absent (2) for each of the samples. Intron data and transect number were mapped

onto the dendrogram produced from the cluster analysis of the region B data set.

Multiple analysis of variances (MANOVAs) were also run on the scored data for both

regions A and B combined, comparing variances by transects and by exposure, using the

program JMP IN 4.04 (SAS institute,200l). MANOVA tests the equality of mean

vectors for multiple populations, assessing group differences across multiple variables

based on a categorical grouping of populations. The technique is analogous to ANOVA
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for univariate data, except groups are compared on multiple response variables

simultaneously.

Results

TLC revealed the presence of usnic acid, and the absence of fumarprotocetraric acid in 48

of the 50 samples, and the presence of both usnic and fumarprotocetraric acid in the

remaining two samples. Those two samples containing fumarprotocetraric acid were

subsequently removed from the analyses.

DNA amplification of region A yielded one of three banding pattems: the presence of

a short band approximately 200bp in length, the presence of a longer band approximately

400bp in length, or the presence of both bands (fig. a.3). Samples having the 400bp band

present may contain one 200bp intron within region A of the SSU.

400bp+

200bp+

Fig. 4.3 - Electrophoresis of PCR product from region A, showing the presence and
absence of introns, on a lo/o agarose gel with a 50bp ladder.

DNA amplification of region B yielded 23 different banding patterns across all the

samples, each sample having a minimum of two bands present, producing a 'DNA
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fingerprint' for the samples (frg. a.Ð. One sample failed to ampliff using these primers

and was subsequently removed from the analyses.

600bp ------->

200bP 
-+

Fig. 4.4 - Electrophoresis of PCR product from region B, showing banding pattern
variation on a I .5Yo agarose gel with a lkb ladder.

Geographic distribution did not correspond with the dendrogram branching

patterns (figs. 4.5 &, 4.6). The number of identical samples was greater between transects

than within transects. Only five transects contained samples along the same transect with

identical banding patterns produced from region B, one pair from each transect. As well,

three of those five pairs of identical samples were non-identical when examining both

region A and B data sets (appendix I2a). Results from a MANOVA showed no

significant differences between transects (F : .8388, Prob>F: .5857, p: 0.05).

Percentage cover of the transects also displayed no pattern with the genetic variation, as

revealed by a MANOVA (F : .5045, Prob>F : .6072, p : 0.05).
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Fig. 4.5 - Sums of squares cluster analysis of data set from region B using chord distance
as the association measure (fig. a.Ð. lntron data from region A (fig. 4.2) is mapped on
below the samples.

FÍg. 4.6 -Topographic map of Payuk lake, northern Manitoba. Transect sites are labeled
and textured dispersal patterns for 3 identical clusters displayed.
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Mapping of the intron data from region A onto the cluster analysis dendrogram

constructed from sequence variation of region B, demonstrated a lack of correspondence

between the two regions (fig. a.5).

Discussion

Chemistry

The two samples containing fumarprotocetraric acid were excluded from the analysis

because of variation within C. arbuscula. C. mítis and C. arbuscula are not always

recognized as separate species, thus variation with the lichen acids may reflect several

subspecies of C. arbuscula in these samples (Brodo, 2001; Stenroos, 2002).

DNA

Amplification of region B revealed insertions within that segment of the SSU as bands

greater than 200bp were observed. Insertions in the SSU rDNA of both the Cladonia

chlorophaeø complex and C. subtenuis have been shown to be group I introns, based on

their secondary structure and conserved sequences (Beard & DePriest, 1996; DePriest,

1993 a). ln C. subtenuts, a'reindeer lichen' related to C. arbus cula (Stenroos, 2002),

intron insertions were 200bp long (Beard & DePriest, 1996). Thus those samples of C.

arbuscula having the 400bp band present, likely contained one 200bp intron within the

200bp region of the SSU amplified. As well, variation in DNA fingerprint banding

patterns from region A, did not correspond with the presence or absence of introns from

region B (fig. 4.5). The DNA fingerprint banding patterns displayed sequence variation

ofboth the SSU coding region and any introns that were present. The heterogeneous

presence and absence of introns may explain the lack of agreement between the patterns

in region A and B. On the other hand, the 2 regons may be considered 2 different loci

with different introns. The lack of agreementmay suggest horizontal intron transfer or

recombination in rDNA in the distant past. Direct decent of introns have been obserued

within some fungal species, making presence or absence of group I introns potentially

useful as a marker designating population strains (Coates et a1.,2002).
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Eleven percent of the samples amplified contained both 200bp and 400bp bands

from region A (fig. 4.2 &.4.5). This suggests several possibilities: 1) Samples having

both bands present may represent heterokaryons. Heterokaryons are fungi with hyphae

containing two or more nuclei of different genotlpes. Similar results were found by

Gobbi et al. (2003) for fungus Cryphonectría parasitica.2) The podetia sampled may

have contained two or more strains of the lichen fungus. Although Beard and DePriest

(1996) showed that mats of Cladonia subtenuis were genetically homogeneous, it is

possible that the podetium of C. arbuscula sanpled may contain multiple strains of the

lichen fungus, one with the intron and one without the intron. Heterothallism has been

inferred in some lichen species such as C. floerkeana, C. portentosa, C. galindeziì,

Xanthoría calcícola, X. ectaneoides, and X. polycarpa (Honeggar et al., 2004; Seyrnour

et a1.,2005). C. portentosa is a 'reindeer lichen', similar in morphology to C. arbuscula.

lf C. arbuscula is heterothallic, like C. portentosø, it would be advantageous for the

podetia to be composed of two strains of the lichen fungus, of different mating t¡1pes, or if
the podetium contained an ascogonium it may also have had the dikaryon. 3) Regions of

the tandemly repeated rDNA may differ, some repeats containing the intron insertion and

others without it. The nuclear rDNA locus in ascomycetous fungi is a tandem array of

100-200 rDNA repeats (Warner, 1989). The multiple copies of these rDNA repeats

evolve together and thus should be identical (Arnheim et al. , 1 980). If this is not the case,

eg. horizontal transfer of the group I intron occurred in only part of the tandomly repeated

rDNA, both the presence and absence of the intron would appear.

Scale

Geographic distance did not correspond with genetic pattems. Transects closer to each

other geographically did not cluster together (figs. 4.5 8.4.6). Five transects contained

identical banding patterns from different lichen mats within the transects for region B (fig.

4.2). However, intron patterns from region A (fig. 4.2) differed among identical banding

patterns from region B on three of the five transects. The number of identical samples

was greater among transects than within transects, inferring efficient dispersal between

transects. Thus, the scale upon which this study was conducted is likely too small, and

samples are too close together, resulting in random mixing of genotypes.
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Dispersal

As is seen from the results, fragment polymorphism within a transect was no less than the

genetic variation between transects (fig. a.5). Separation of transects by bodies of water

do not appeaÍ to prevent dispersal, confirming observations and hypotheses mentioned

earlier (Thomson, 1972; Westman, 1973). 
'Wind, water, and insects or birds may be good

vectors for transport of thallus fragments. Given that the transects were on islands or

along lake shores, transects may also be frequently exposed to high winds, which could

caÍry away broken fragments from disturbed lichen mats. As well, no relation between

cover of the transect and fragment polymorphism was seen. Variation in fragment

polymorphism in wooded transects was the same as in those transects fully or partially

exposed. Heinken (1999) noted alarge reduction in thallus fragment dispersal in forested

areas as opposed to exposed grassland. In this study, high winds created from the open

lake, and the small size of the islands may explain why fragment polymorphism was

similar between wooded (75%-100% cover) and more open (0-75%io cover) transects. The

limited forest present on the islands and shore edges may have been an insufficient buffer

against the high winds.

Given the efficient gene flow seen in C. arbuscula across a2kmregion, co-

dispersal of infested lichen thalli and their corresponding fungal assemblage taxa may be

an efficient dispersal method for fungi growing in lichen mats. However, gene flow, a

strong indicator oflichen dispersal, also occurs by ascospore production and subsequent

growth of thalli in a new location. Cursory examination of C. arbuscula showed that 40%o

of the samples had apothecia present. While fragmentation has been thought a major form

of reproduction in reindeer lichens, with apothecia infrequently produced (Brodo et al.,

2001), sexual reproduction seems to be occurring in C arbuscula around Payuk lake.

-Study is required to determine the method gene flow, as well as thallus fragment

dispersal mechanisms and distances in the region studied. Also, direct evidence of

inclusion of lichen mat mycota in dispersal of lichen fragments is required by comparing

population structure of the lichen forming fungi to the associated the fungal assemblage

population structure.
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Conclusions

This study conducted sampling transects over an area spanning approximately 2krn.

Identical samples were found between transects as far apart as 1.5 km. Given the large

number of clusters of identical samples found among transects (21 of the 48 samples

taken were identical with at least one other individual on a separate transect), the size of
the geographic area sampled maybe too small to adequately assess dispersal. Future

researchers may wish to place transects further apart from each other. As well, given the

lack of identical samples within a transect, each sampling site may not have been

adequately charactenzed in terms of its' genetic variation. Conducting a number of

smaller plots as opposed to one long transect might better assess the site genetic variation.

The scale on which transects were sampled potentially requires adjustment, as well as the

scale upon which transects were laid.

As well, introns within the DNA region used to assess genetic variation could

pose problems. Genetic variation is present when the introns are present. However, when

introns are absent, genetic variation is based strictly on the rDNA coding region. Thus the

absence of the introns decreases the potential genetic variation that can occur in those

samples, which may skew the results. One means of testing this and confirming the

results found in this study would be to examine another region such as the ITS region.

This region contains sequence variation without the presence of introns as a confounding

factor.

Finally, further environmental charactenzationof the transect sites might help to

answer questions involving the dispersal patterns seen, such as a measure of average

wind speeds, pH, aspect, slope, and moisture regimes.
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Chapter 5

Fungal assemblages associated with selected ground
dwelling and epiphytic lichens
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Introduction

Fungi developing on and in lichen thalli were studied by Petrini et al. (1990), who

examined 8 lichen taxa: Cladonia arbuscula; C. arbuscula ssp. mítis Sandst.; C.

arbuscula ssp. squarrosa (Walk ) Ruoss; C. furcata (Huds.) Schrad.; C. gracilis (L.)

Willd.; C. rangiferina; C. squamosa (Scop.) Hoffrn.; and Stereocaulon dactylophyllum.

No fungal taxa preferentially colonizing a given lichen species were encountered. Results

in this thesis (Chapters 2, ftgs.2.3 &2.4) seem to confirm the findings of Petnni et al.

(1990), as multiple discriminate analyses of the fungal assemblages isolated from the

fruticose lichens C. mitis and C. rangiferina revealed no significant differences (p:0.05)

between them. With apparent lack of preference among fungi colonizingarange of

fruticose lichen forming fungi, and my results indicating no significant differences

between fungal assemblages on two fruticose lichens, one might assume the

microenvironment within fruticose lichens to be similar.

Girlanda et al. (1997) conducted a study of the fungal assemblages on two foliose

lichens: Parmelia taractica Krempelh. and, Peltigerø praetextarø (Florke ex Sommerf.)

Zopf. Significant differences between the fungal assemblages were found on the two

lichens. A far greater number of taxa were resident on P. tøractíca (39) then on P.

praetextata (26). Also there was significant dissimilarity between the fungal assemblages

on the two lichens.

Petrini et al. (1990) and Girlanda et al. (1997) proposed that fungal colonizers of

lichens are insensitive to the secondary compounds found in their hosts. However,

production of secondary compounds likely plays a role in influencing microhabitat. A

wide range of secondary compounds are produced by lichens (Brodo et a1.,2001), and

the compounds vary in their effectiveness as antibacterial and antifungal compounds

(Konig & Wright, 1999). Usnic acid for example, is well known for its antibacterial and

antifungal activities (Elix, 1996; Konig & Wright, 1999). Absence of such antibacterial

lichen substances would allow for greater bacterial colonization and correspondingly

smaller fungal colonization on lichens (Girlanda et a1.,1997). As well, antifungal

properties could decrease fungal competition and influence fungal assemblages seen in

the lichen mats (Elix, 1996).
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Thus questions arise as to possible differences between fungal assemblages across

arange of lichens. Does lichen habitat and microenvironment determine the nature of
associated non-mycobiont fungi? Do growth form (fruticose vs. foliose vs. crustose) and

physiology (including green-algal vs. cyanobacterial lichens) factor into the nature of
"free living" fungt found associated with lichens? Do lichens control the presence and

absence of fungi, or the frequency of fungi by production of lichen acids, thus

determining the configuration of associated fungal assemblages?

Examination of these questions follows. Four species of ground dwelling, mat

forming, green-algal, fruticose lichens of the genus Cladonia,i.e. C. amaurocraea; C.

arbuscula; C. rangiftrína; and, C. stellaris, were surveyed for their fungal assemblages.

C. arbuscul¿ is selected over C. mitis due to the prevalence of C. arbuscula in the

sampling region, and the difficulty separating the two lichen forming fungal species in

the field. Two additional fruticose lichens are included; l) Stereocaulon alpinum (ground

dwelling, mat forming, cyanobacterial and green-algal) and 2) Everniø mesomorpha

(epiphyic, tufted, and green-algal). Additionally, two leafy-foliose lichens are also

included, i.e. Vulpicida pinastri (epiphyic/wood colonizing, and green-algal) and

Peltígera spp. (ground dwelling, cyanobacterial and sometimes green-algal).

Materials and Methods

Substratum Sampling and Fungal Isolation:

Samples from mats of Cladonía qmaurocraea, C. arbuscula, C. rangiferína, C. stellarís,

Evernia mesomorpha, Vulpicída pínastri, Stereocaulon alpinum, and Peltigerø spp. were

collected (August 5'h, 2003¡ from the Payuk lake transects as previously described

(Chapter 4 - sect. síte descriptions, & fi9.4.1). Samples were transported in labelled

plastic bags to University of Manitoba laboratories for further processing. Simultaneously

with initiation of fungal isolations, the lichen collections were surveyed for secondary

compounds using thin-layer chromatography (TLC) (appendix 14d), according to the

methods of Culberson et al. (1972;1974), so as to confirm field identifications. All
identifications were confirmed except two of the fle Cladonia amaurocraea collections

(vouchers of scanned images for the TLC plates are available in molecular laboratory of
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Dr. Piercey-Normore, U of M). Isolation methods for the fungi were as previously

outlined in Chapter 2 (sect. Surveying Fungal Assemblages) for Pleurozíum schreberi.

Datø Analysís:

Frequency calculations, principle component analysis (PCA), multiple discriminate

analysis (MDA), and occurrence computations were performed. Frequencies for each

fungal taxon on20 washed lichen pieces derived from each sample of the eight lichen

taxa were calculated as previously detailed (Chapter 2 - sect. data analyszs). Log

transformed fungal assemblage frequency data was subjected to PCA for fungal data

from the eight lichen taxa. The first three component axes from the PCA analysis were

subjected to a MDA analysis, examining any separation of the fungal assemblage species

composition found between samples oî Cladonia rangíferína, C. arbuscula, C.

amdurocraea, C. stellarís, Evernia mesomorpha, Vulpicida pínastri, Stereocaulon

alpinum, and Peltìgera spp. (Kenkel & tsooth, 1992). PCA and MDA analyses were

carried out as previously described (Chapter 2 - sect. datø analysis).

Occurrences of each of the fungal taxa were taken as the number of samples a

particular taxon was encountered in the five samples taken for each lichen (Krebs, 1972).

In the case of C. ømaurocraea, there were fungal occuffences over only three samples.

Results

Multiple discriminate analysis comparisons between the various lichen taxa

sampled yielded significant differences among fungal assemblages (p:0.05) (appendices

13a-c). The chi squared value was f :7T.09, d.f.:24. The scatter plot constructed from

the multiple discriminate analysis (fig. 5.1) shows the assemblages on Cladonia

arbuscula and C. stellaris to be the most closely associated lichens in the study. The

fungal assemblages of Peltigera appear to be distinctly different from the other lichens

sampled, as virtually no over lap was seen at 95%o confidence levels. The fungal

assemblages of C. rangiferina and Vulpicida pinastri also appear to be closely associated.

The assemblage associated with Stereocaulon alpinum is similar to those of C.

rangíferina and V. pínastri. Evernia mesomorpha and Peltigera spp. mycota tended to

differ from the assemblages of C. rangiferina; S. alpínum; and V. pinastri.
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Fig. 5.1 - Graph of ordinations from a multiple discriminate analysis of the object scores
from a principle component analysis for the fungal assemblages found in Cladonía
amaurocraea (Am), C. arbuscula (Ar), C. rangíferina (R), C. stellarís (Ss), Evernta
mesomorpha.(E), Peltigera spp. (P), Stereocaulon alpínum (Sn), & Vulpícida pinøstri (Y)
for data set. Circles represent the 95o/o confidence intervals (C.I.) for the respective lichen
samples of each taxa.

Fungi previously shown (Chapters 2 &,3, tables 2.2 &,3.2) to be ofhigh

occrurence in lichen mats, i.e. Absidia coerulea; Alternaría spp.; Cladosporíum # I;

Epicoccum purpurascens; Mucor # I; Mucor #10; Mortierella ísabellina/vinøcea

complex; Penicíllium (non-sclerotial); and Trichodermd spp.were generally above a

mean occurrence of 50o/o for Alternaria spp. (81%), Cladosporium# I (49%); and

Penicillium (non-sclerotial) (91%); across all 8 lichens in this study (table 5.1). Absidia
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coerulea (12%); Mortíerellq/vinacea complex Ø6%); and Mucor # I (5%) were at < 5\o/o

occuffences. Epicoccum purpurascens occrtÍÍed at < 5o/o (on Evernia mesomorpha only)

and' Tríchoderma was not isolated from any of the lichens in this study (photographs of
select fungal taxa canbe seen in appendix 15a).

Table 5.1 - Occurrence of fungaltaxa on various lichens. Species of lichen forming fungi
are labelled across the top, and.taxa of non-lichen forming fungi associated with the
lichens are labelled on the left.

Absidia coerulea 0 0.33 0.2 0.2 0 0 0.2 0
4lternaria snn. I 0.67 0.8 0.8 0.8 0.6 0.6
Cladosoorium # l 0.8 0.33 0.4 0.2 0.2 0.6 0.4 I
Cladosoorium # 2 0.2 0 0 0 0 0.4 0 0
Cunningh am el I a e I egans 0 0.33 0.6 0.4 o.2 0 0.2 0
E pi co ccum purpu ras c en s 0 0 0 0 0 0 0 0.2
Mortierella isab el lina/vinacea comolex 0.6 0.67 0.8 0.6 0.4 0.4 0.2 0
Mortierella # 7 0.2 0 0 0 0 0 0 0
Mucor # l 0.2 0 0 0 0 0 0.2 0
Mucor# 4 0.4 0.33 0 0 0 0 0 0
Mucor# 5 0.6 0 0 0 0 0 0 0
Mucor# 10 I 0.8 0.8 0.6 0.8 0.8 0.2
Lufucor soinosus 0.6 0.33 0.2 0.4 0.2 0 0 0
Penici I I ium (non- s c I ero ti al) 0.8 I I 0.4
P enici llium ß cl erotial) 0 0.33 0.4 0.4 0.4 0.4 0.2 0.2
PenicÌllium # 5 0 0 0 0.2 0 0.2 0 0
? hy comyces b I al<s I eanu s 0.2 0 0 0 0 0 0 0
lphareopsidales # 23 0.2 0 0 0 0 0 0 0
Mvcelia Sterilia # I 0 0 0.2 0 0.4 0 0.4 0
Mvcelia Sterilia # 14 0 0 0.2 0 0.2 0 0 0
Mvcelia Sterilia # 24 0 0 0 0.2 0 0 0 0
Mycelia Sterilia # 38 0 0 0 0 0 0.2 0 0

Diversity of fungi across all the lichens studied, ranged from 6-13 taxa (table 5.1). Mean

number of taxa was ten, with a standard deviation of two. At 13 taxa, the number of
fungal taxa composing the fungal assemblages on'Peltigera spp. were more than one

standard deviation above the mean value of the mycota. Evernía mesomorphd, containing

six fungal taxa among its fungal assemblages, was two standard deviations below the

mean. Mean occuffences of the 22 fungal taxa on the lichens ran from 3lo/o (Peltígera

spp.) down to l4Yo (8. mesomorpha) with an average of 22.4%o. At a standard deviation

,,rÌ...-òi"
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of S.lyo, the occurrences of the assemblages on Peltigera spp- were somewhat

significantly greater than the mean of means.

Zygomycetes were 62% (8 of 13) of the Peltígera spp. assemblages; 60% (6 of
10) of the Cladoníø amaurocreø assemblages;50%o (5 of l0) of the Stereocaulon alpinum

mycota; 45% (5 of 11) of the C. ørbuscula and C. stellaris assemblages;40o/o (4 of 10) of
the C. rangíferína assemblage s; 22%o (2 of 9) of the Vulpíctda pinastrí assemblages and

I7% (l of 6) of Evernia mesomorpha mycota (table 5.1). The Zygomycete taxa across the

lichens ranged from 1-8 (x:4.5 +2.2). The assemblage of Peltigera spp. was high,

more than one standard deviation greater than the mean for Zygomycetes, and

assemblages of Yulpictda pinastri and Evernid mesomorpha were low (more than one

standard deviation below the mean) in the number of Zygomycetes.

Among the low occurrence Zygomycetes and other fungi, Mortierella # 7; Mucor

# 5; and Phycomyces blakesleeanøs occurred solely on the lichen Peltígera spp., along

with Sphaeropsidales # 23. Mucor # 1 occttrred only on the lichens Peltígera spp. and

Stereocaulon alpínum. Pattem of occurrences of non-lichen forming fung Absidía

coerulea, Cunninghamella elegans, Mortierella ísabellina/vínacea complex and Mucor

spinosus generally showed elevated values over the assemblages on the lichens Cladonía

amaurocraea, C. arbuscula, and C. stellaris.

Multiple discriminate analysis groupings correspond reasonably well with the

presence of secondary compounds seen in the lichen taxa (fig. 5.1). Secondary

compounds across the lichens group Cladonia amaurocraeø, C. arbuscula, and C.

stellaris with usnic acid (table 5.2), as well as, C. rangiferina and Stereocaulon ølpinum

with atranorin. Among other secondary compounds produced, Vulpicída pinastri

produces vulpinic acid, Everniq mesomorpha produces divaricatic acid, and Peltígera

spp. can produce gyrophoric acid.
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Table 5.2 - Secondary compounds listed for these lichen taxa were determined in this
study or were obtained from the literature (Brodo et a1.,2001;Thomson, l9g4) as
indicated by an asterisk after the species name.

Lichen Taxon Secondary Compounds
Peltigera spp.' Ienuiorin, Metþyl Gyrophorate, Gyrophoric acid, & Tritemene
lladonía ama.urocraea Usnic acid & Barbatic acid
Cladonia arbuscula Usnic acid
Cladonia stellaris Usnic acid &, Perlatolic acid
Stereocaulon alpinus Atranorin, Lobaric acid, & p-sitosterin

Cladonia rangiferina Atranorin & Fumarprotocetraric acid
Vulpícida pinastri Vulpinic acid, Pinastric acid, Usnic acid, & Zeonn
Evernia mesomorpha Divaricatic acid

Discussion

Thenon-Zvgomyceteous fungi previously reported (Chapters 2 &.3,tables 2.2 & 3.2) as

high in occurrence on Cladonia mitis and C. rangiferína, Alternaria spp., Cladosporium

# l, and Penicillium (non-sclerotial), showed no pattern of difference across the lichens

in this study. Generally the occurrence values of these fungi were high across all lichen

forming fungal taxa sampled and promote the general observation that, as is the case for

Cladonía spp. (Petrini et a1.,1990), fungal assemblages may not differ on different lichen

forming fungi.

However, among Zygomycetes of high occurrence in lichen mats at different

times of season (Chapter 2,table2.2) andin different parts of the mat profile (canopy and

base collections) (chapter 3, table 3.2) Absidia coerulea and,Mortierella

isabellina/vínacea complex were of interest. Absidia coeruleahad recognizablepatterns

of elevated occuffences on Stereocaulon alpinum and the Cladonía amaurocraea, C.

arbuscula, and C. stellaris goup. Mortierella isabellina/vinacea complex had

recognizable patterns of elevated occurrences on Peltígera spp. and the Cladonia

amaurocraea, C. arbuscula, and C. stellqris group. Occurrences of Cunnínghamella

elegans and Mucor spinosus, not previously isolated in earlier studies, were similarly

higher on the assemblages of C. amaurocrqea, C. arbuscula and, C. stellaris. Thus, the

Zygomycetes demonstrate significant differences ¿ìmong assemblages on different species

of lichen forming fungi, consistent with the observations of Girland a et al. (1997) that
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indicate strong dissimilarity of fungal assemblages on two foliose lichens, i.e. Parmelia

taractíca and Peltigera praetextafa. Assemblage groups detected by multiple

discriminate analysis in this study (fig. 5.1) also corroborated differences associated

fungal assemblages across arange of lichen forming fungt.

Absence of Trichoderma spp., which had high occuffences in the previous studies

(Chapters 2 &,3, tables 2.2 &,3.2), across the Payuk lake lichens of this study,likely

reflect the fact that the collection sites were mainly along bedrock slopes. Trichoderma

spp. are known competitors with Zygomycetatious fung¡ of Mortierella. Bedrock slopes

are well drained locations, with high potential for extreme dring and wetting cycles.

This can limit Trichoderma spp., as Mortierella spp. out competes Trichodermø in well

drained sites (Christensen, 1969).

Diversity of the lichen associated fungal assemblages, delineated the assemblages

on Peltigera spp., Evernia mesomorpha, and Vulpicida pínastrí as distinct from the

fungal assemblages of the other lichens studied. Additionally, the low occurrence fungi:

Mortierella # 7; Mucor # l; Mucor # 5; and Phycomyces bløkesleeanus (Zygomycetes)

and Sphaeropsidales # 23 (Deuteromycete) were found either solely on Peltigera spp. or

on Peltígera spp. and Stereocaulon alpinum. This suggests possibly the Zygomycetes in

the assemblages on Peltígera spp. and S. alpinum were favourably supplied with

nutrients.

Among nutrients known to influence fungi, moisture levels in a lichen mat are

known to vary according to the complexity of thallus branching in the canopy (Kershaw

& Field, l9l5; Kershaw & Harris, 197T; Kershaw & Rouse, rg7r).Also,lichen

epiphytes live in a drier habitat and represent a more xeric microenvironment the lichen

associated fungal assemblages would be subjected to (Pugh, 1980). 'When looking across

the lichens in my study both form and habitat of the thalli suggested a gradient of
moisture for the grouped assemblages on: 1) Peltigera spp. (foliose, ground dwelling); 2)

cladonia amaurocraea, C. arbuscula, C. stellaris (fruticose, closed mats); 3)

Stereocaulon alpinum (fruticose, open mats) , C. rangiferina (fruticose, open mats), and

Vulpicída pinastri (foliose, epiph¡ic); and 4) Evernía mesomorphø (fruticose, epiphytic).

Generally ground dwelling lichens have a more diverse mycota in their assemblages than

epiphytic lichens, particularly for Zygomycetes which are known inhabitants of moist
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environments (Chowdhery et a1.,1982). Tlne Zygomycete Cunninghamella elegøns was

found only on fruticose ground dwelling lichens.

Nitrogen as a nutrient is reported to be transported from older portions of lichen

thalli to the growing canopy (fruticose lichens) or edge of the thallus (foliose lichens)

(Dahlman et aL.,2002; Hyvarinen & Crittenden, 2000). This mobilized nitrogen maybe

used to promote growth and sporulation of non-lichen forming fungi associated with the

lichen. As previously mentioned, Cladosporíum # I and Cladosporium # 2 seem to

require provision of nitrogen into growth media in order to sporulate (Chapter 3 - sect.

Discussion). In this study, Mucor # 1, occurred solely on the cyanobacteria containing

lichens Peltigera spp. and Stereocaulon alpinum. Further evidence for fungal response to

available nitrogen was seen in the previously mentioned occurrences of Mortíerella # 7,

Mucor # I, Mucor # 5, Phycomyces blakesleeanus and Sphaeropsidales # 23 onboth or

one of Peltigera spp. artd Stereocaulon alpínum.

Lichen acids, as determined in the laboratory or from the literature for the eight

lichens (table 5.2), demonstrate a possible trend related to the multiple discriminate

analysis of the assemblage frequencies of the fungi (fig. 5.1). Somewhat striking is the

fact that the grouping of assemblages found on Cladonia amaurocrqea, C. arbuscula and

C. stellaris was an usnic acid exposed group, as all three of these lichens were

experimentally determined to produce the acid. Usnic acid, in terms of its antibacterial

activity, is effective more so than atranorin and vulpinic acid (Konig & Wright, T999).

Reduced competition for substrates (i.e. carbohydrates, particularly simple sugars), due to

decreased bacterial colonization and diminished activity for affected fungr, may explain

the higher occuffences of fungi, including Zygomycetes, on lichens (Brodie & Blakeman,

1976; Girlanda et a1.,1997). Stereocaulon ølpinum and C. rangi"ferìna both produce

atranorin (table 5.2), and the assemblages group along with that of Vulpicída pinastrí

which produces vulpinic acid (table 5.2), aknown poison for camivores, insects and

molluscs (Elix, 1996). Zygomycetes may be severely limited by vulpinic acid which

might explain the virtual absence of these fungi on Vulpícida pinastri (tables 5J e,5.2).
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Chapter 6

Discussion
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Major Conclusions

A wide variety of fungal assemblages can be found both on lichens and within lichen

mats. A total of 3l fungal taxa were found associated with nine lichen taxa. The non-

lichen forming fungi belong to the genera Absídía, Alternaria, Aspergillus,

Cladosporium, Cunninghamella, Epicoccum, Penicillium, Phycomyces, Mortíerella,

Mucor, Rhizopus, and Trichoderma, as well as fungal taxa from the class Sphaeropsidales

(Chapters 2,3 &,5). All of these fungal taxa are considered lichen-associated taxa rather

than true lichenicolous fungi. Lichenicolous fungi are fungi found only on lichens, and

tend to be primarily non-lichenized fungi, eg. Lichenopeltella, or are secondarily

lichenized, eg. Arthonía (Lucking & Bernecker-Lucking,2002). Lichenicolous fungi

úllize the host photobiont, actingas coÍlmensalists or eventually damaging the lichen

while developing reproductive structures (Lucking & Bemecker-Lucking,2002). The

fungal taxa isolated from this paper, on the other hand, are mainly soil and litter

inhabiting fungi (Keller & Bidochka,1998; Petrini et aL.,1990), and are not extremely

host specific. They are likely present due to the microhabitats offered by the various

lichen taxa.

Overall temporal, spatial, morphological and physiological changes were seen to

affect the fungal assemblages found within lichen mats. Lichen mats form unique

microhabitats, allowing for the colonization of fungi which otherwise might not be

present. The influence of microhabitat on the presence of individual fungi in fungal

assemblages was interpreted to be related to: l) temperature and moisture interactions

and gradients; 2) nitrogen physiology in and along lichen thalli; 3) lichen acids; and 4)

fungal inoculum and dispersal.

Changes in the moisture levels on lichen surfaces, as inferred by their morphology

and habitat, appears to be the most microenvironmentally influential factor controlling

the fungal assemblages associated with lichen thalli. The most distinguishing feature

among the fungal assemblages across the various lichen forming fungal taxa surveyed,

was the number and frequency of Zygomycetes (Chapters 2,3 &,5) which are indicators

of predominantly highly moist environments (Chowdhery et aL.,1982). Also, overall

increases in species richness and occurrence of most of the fungi studied were seen in
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mats of Cladonia mitis and C. rangiferina inthe September collections as compared to

the July collections (Chapter 2), likely due to the increased rainfall and cooler

temperatures associated with the fall season, which facilitate fungal growth (Keller &

Bidochka, 1998).

Moisture gradients promote a greater diversity of fungi in mats, due to moist

habitat niches in the region of lichen bases, and dry habitat niches in the lichen canopies.

Vertical stratification of moisture occurs in highly branched mats of Cladonia, creating a

stratified microhabitat (Kershaw & Rouse, l97l), and this thesis (Chapter 3) supports the

idea that such stratification causes spatial changes in the fungal assemblages found within

lichen mats. In general lichen associated fungi respond by either employing a 'suryivor-

escaper' life strategy (Pugh, 1980), found predominantly in the canopies of highly

branched Cladonia mats, or by employing a 'ruderal' life strategy (Pugh, 1980), found

predominantly in the lower strata of highly branched Cladonia mats (Chapter 3).

Pleurozium schreberi forms more highly branched mats which capture and retain

moisture better than Cladonia mitis and C. rangiferina mats (Ipatov & Trofimets, 1988).

Pleurozium schreberi mats differed from mats of Cladonia mítìs and C. rangiferína,in

the increased presence of Mucor and Mortierella, Zygomycetes and 'ruderals', while C.

rangiferìna and C. mitis had an increased presence of Alternaria and Epícoccum,

ascomycetes and 'survivors-escapers' (Pugh, 1980; Chapter 2).T\epresence ofP.

schreberi may be partially responsible for the increased number of Zygomycetes seen in

Peltìgera spp., as compared with the other lichen forming fungal taxa sampled in

northern Manitoba, as Peltigera samples were always collected on P. schreberi mats

(Chapter 5). As well Cladosporíum#2was seen to be associated with foliose lichens in

northern Manitoba, being absent from all fruticose lichen samples in northem Manitoba,

and Cunninghamella elegans was restricted to ground dwelling fruticose lichens, further

emphasizing that grûwth form and morphology affect moisture, and hence fungi, by

alteration of microhabitat (Chapter 5).

The photobiont cells of lichens are suspected to play a major role in determination

of the microhabitat available to fungi by lichens. Excess glucose is leaked from algal

cells onto and within the lichen thallus, establishing a gradient by stem flow or dilution.

Additionally, in lichen mats, nitrogen is mobilized in the base region of the thalli and
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passively transported along the podetium to the canopy, thereby establishing a nitrogen

gradient. Some lichen photobionts are nitrogen fixing cyanobacteria rather than green

algal cells. Cyanobacteria increase the availability of nitrogen in lichens due to the

nitrogen fixing photobionts (Nash III, 1996). Perhaps fungi respond to this available

nitrogen as indicated by the faúthat Mucor # I was only isolated from Stereocaulon

alpinum and Peltígera spp. in northern Manitoba (Chapter 5), both of which have

cyanobionts (Brodo et a1.,2001; Thomson, 1984).

Lichen secondary compounds can also have antifungal properties, which could

decrease the fungal competition and partially explain the high occuffence of 'ruderal' and

'survivor' fungal taxa seen in the lichen mats (Elix, 1996; Pugh, l9S0). Though

circumstantial, the presence of specific lichen secondary compounds may affect the

composition of fungal assemblages (Chapter 5). Petrini et al. (1990) and Girlanda et al.

(1997) concluded that fungal colonizers of lichens are insensitive to the secondary

compounds found in their hosts. While the majority of fungi occurring in fungal

assemblages appear to be unafÊected by the secondary compounds produced (Chapters 2,

3, &,5), confirming these results, the production of secondary compounds likely play a

more general role in influencing microhabitat. Usnic acid for example, found in six of the

nine lichen taxa sampled, is well known for its antibacterial activities (Elix, 1996).

Limitation of bacteria favors colonization of substrataby antibiotic resistant fungr, which

are otherwise competitors for lichen sugar exudates (Brodie & Blakeman,1976; Girlanda

et al., l99l).

lnoculum, responsible for establishing the presence of fungal assemblages within

lichen mats, at least partially arises from the soil litter layers beneath lichen mats as living

hyphae, asexual spores and sexually produced spores (chapter 3). Inoculum may be

dispersed by wind, insects, or water, or incorporated with lichen fragments. Reindeer

lichens particularly reproduce frequently by fragmentation as a result of disturbance

(Yarranton,l975). Gene dispersal in Cladonía ørbuscula was seen to be quite efficient

over the 2krn area surveyed in northern Manitoba (Chapter 4). This dispersal could be

due to pycnidia, thallus fragmentation, or apothecia. While fragmentation of thallus has

been assumed to be the dominant form of reproduction in reindeer lichens, as apothecia

are infrequently produced (Brodo et a1.,200I), this may not be the case in this situation
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as 40yo of the C. arbusculø samples examined had apothecia present (Chapter 4). Thus

little inference about the effectiveness and distance of the dispersal of lichen thallus

fragments and the role of fragments in providing lichen associated fungal inoculum is

possible (Chapter 4).

Future Studies

Future researchers may wish to examine spatial relations, temporal changes and inoculum

sources in lichen mats more closely. Lichens sampled could be dissected by years of
growth (Ahti, 1959), subsamples being examined separately for fungal assemblages, as

age of the lichen thallus affects its physiology (Kershaw & Haris, l97l). This might

shed further light on the niche requirements of the fungal taxa found, as base and canopy

subdivisions used in this thesis were crude classifications of mat 'architecture' and

demonstrated spatial overlap among canopy and base fungal taxa (Chapter 3). Soil litter

layers directly beneath where lichens are sampled could be sampled simultaneousl5

eliminating potential spatial and temporal effects (Chapters 2 &3) that might influence

the fungal assemblages found in the soil litter layer as compared with the lichen mat. If
soil litter samples could be tied to specific lichen samples, direct comparisons, as

opposed to the inferences seen in Chapter 3, could be made between the fungal taxa in

the mat and beneath it. As well, lichen mats could be marked where they were sampled so

that when sampling multiple times to investigate temporal effects, sampling can be

restricted to the exact mat previously sampled, as opposed to the same 5x5m plot

(Chapter 2), reducing potential variability in microhabitat.

Habitat itself could also be better classified, with data collected on daily

precipitation and temperature factors at the actual collection sites, and probes monitoring

internal humidity and temperature levels of the mat, since moisture gradients appear to be

a key influencing factor in the assemblages of fungal taxa in the lichen mats (Chapters 2, -

3, &,5). As well, effects of the type of photobiont present, cyanobacteria or green-algae,

could also be more closely examined by expanding the number of cyanobiont lichens

sampled for fungi, and ensuring similarhabitats and growth form between phycobiont

and cyanobiont lichens sampled, as nitrogen also appears to be an influential factor in the

determination of fungal assemblages present in lichen mats (Chapters 3 & 5).
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Dispersal could also be examined more clearly if both the mycobiont and

photobiont were examined. If genotypes of mycobiont and photobiont correlated, it is

more probable that the mycobiont and photobiont were dispersed together, which implies

vegetative reproduction via fragmentation in C. arbuscula since C. arbusculø does not

produce isidia or soredia.
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Appendix 2a

Appendix 2a (cont.)- Fungal assernblage frequency data for the September collection,
from southem Manitoba, pooled by sample (canopy and base).

Fungus (Frequency out of20)

Sample Legend:

_: plot type (mixed moss-lichen [m] or pure lichen I I ]plot)
_=#(plotnumber)

-: Genus/species (Cladonia mitis [mit], C. rangiferína [rang], & Pleurozium scherberí þleuro])

q)UQ.9È.s 'È
. Q PsRrs$\s
sè\tÈ

e\ S* iÞ
ÈñËË ìÈ ååt$H3*'iss\\rlÈsbñ: s $ $ $ ì r + r SS 3's

$ $ s s Å s s s s ñ ñ sÈ
l2 3 4 5 6 ',l I 9 10tIt2 13

n2oleur< 0 0 0 0 0 l3 2 0 I 0 0 0 l7
m2pleur< 0 0 I I 0 10 2 0 I 5 0 0 15

m2pleur< 2 2 2 0 J l3 J 0 6 4 0 I l0
4 2 ) 0 0 8 5 0 0 l0 5 0 .J

3 0 0 0 I J 8 I 7 I 0 0 J

2 0 0 0 0 7 4 0 2 2 0 0 t2
nTpleurc 7 0 0 0 J J 0 2 I 2 t4
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Appendix 3a

Appendix 3a - Fungal assemblage frequency data for the July collection, from southem
Manitoba (Cont. on next pg.).

Fungus (out of20)

Sample Legend:
_: # (plot number)

_: plot type (mixed moss-lichen [m] or pure lichen I I ]plot)

-: Genus/species (cladonia mitis [m], c. rangiferinø frl, & Pleurozium scherberí þl)
_: canopy or base ofsample (canopy[t], base [b ])

Sam

Ëç
L14.È.1
Ë ñA Ë-sS ËS *È'.3ùìÈì#+

Ê*øqñ*i $Èiì sD Bññ *
TÈ È iñ Ë Ë \ \ R ÈËN È È \ r ñ n ËS S È È T T ì + + +t S È F, S ù; ; *i # "s:=Yr$so$LLLììBbõ

$ $ s ðs S s S s S ñ Ë ÀååË Ë Ë Ë È
I 2 3 4 s 6 7 I l0 9 tl t2 13 t4 15 t6 t] 18 t9 20

lknb 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0
lhnb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
5hnb 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 5 0 0 0 0
Tknb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
Sknb 0 0 0 0 0 0 0 0 2 0 0 I 0 0 0 0 0 0 0 4
9lrnb 0 0 0 0 0 0 l9 0 0 0 0 0 0 0 0 0 0 0 0
thnb r6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0
lknt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5knt 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0
Tknt 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8tmt 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Shnt I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0
3mb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
5mb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .J 0 0 0 I
5mb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5mb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0
6mb 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7mb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 J
6mt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
7mt 0 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 I 0 I 0
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Appendix 3b

Appendix 3b

Principal Component Analysis Summary Of The JuIy
Fungal Assemblage Frequency Data
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PRINCÏPAL COMPONENTS ANALYS]S

July data set, southern Manitoba

ÏNPUT AND RUN PARAMETERS

NUMBER OF ROVIS :
NUMBER OF COLS
TYPE OF ANALYS]S :
NO. OF COMPONENTS RETATNED :
LABELS FOR OBJECTS :
LABELS FOR VAR]ABLES :
CORRESP. ANALYS]S :
I4ATRÏX :
PRÏNTOUT :
VAR. SCORE OPTTON :
OBJ. SCORE :

VAR]ABLES STAT]STICS

POOLED VAR]ANCE :

VAR]ABLE

1

2
3
4

5

6

7

8

9

10
11
1"2

13
I4
15
76
I1
18
1,9

20

Appendix 3b

46
20

PCA FROM COVARIANCES
3

NOT USED
NOT USED

NOT APPLICABLE
NOT SAVED
SHORT
EÏGENVECTORS AS COORDINATES OF VAR.
NORMALIZED TO LÄMBDA

.4125

VARIANCE VARIANCE
AS?

MEAN

.0633

.0065

.031't

.0065

.0835

.0169

.0283

.1138

.0262

.1136

.0659

.006s

.0131

.006s

.0065

.0496

.2080

.0321

.006s

.01 28

STANDARD DEVIATTON

.2]6r

.0444

.L255

.0444

.7'7 48

.0823

. 1918

.2288

.1061

.2661

. L662

.0444

.062r

.04 44

.0444

.1506

.29'7 9

.094'7

.0444

.7934

na^'7
.0020
.0157
.0020
.0305
.0068
.0368
.0523
. 0114
.01 II
.021 6

.0020

.0039

.0020

.0020

.0221 -

.0888

.0090

.0020

.03'7 4

9.881
.411

3. 331
.4r'l

6.465
1.435
1 .'1 81

11.075
) A^O

15.050
5.847
.4r'l

01tr

.4L7

. 41,7
A '7o o

18.786
1.899

.4r1
1.9L8

NUMBER OF POS]T]VE EIGENVALUES : 20

0 . 412523'7 4E+0SUM OF POS]TTVE EIGENVALUES :
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EIGENVALUES
0. 1275E+00 0.7361E-01
0 -29598-01 0.25718-01
0.8747E-02 0.61968-02
0.7824E-02 0.13418-02

0.58228-01 0.4153E-01 0.37518-01
0.1959E-01 0. L'12r8-0t 0.L2'7 AE'-OL
0 -43328-02 0.26358-02 0.L956E-02
0.11618-02 0.63528-03 0.3864E-03

EIGENVALUES
26 .99

6 .26
1.85

CUMULAT]VE
26.99
11 .88
95.54
99.25

AS PERCENT
15. s8
s.33
r.44

ao
- LO

12.32
4 .15

.92
.E.ZJ

EIGENVALUES
54.89
87.35
91.90
99.-t8

.241290

.139960

.065816

.034069

I .19
3 .64

.56

.13

63. 68
90. 99
98.45
99 .92

.2031 86

.131187

.051333

.025203

7 .94
2 .10

.4L

.08

1I.62
93 .69
98.87

100.00

.193681

.1_]-2881

.044224

.019658

PERCENTAGE
42 .51
83.20
96.98
99.54

OF

SQUARE ROOTS
.35'7r22
.1"12005
.093523
.0421 09

OF EIGENVALUES
.27 r3A1
.158641
.082436
.036696

-.064
-.122

. 010
-. 033

. 050
L.253
- .631
-.011

.1_91

-.111
-.011
-.754
-.1"22

.1-60
- .082
-.119
-.070
- .021
-.1"22

.139
-.039

.191
-.011

. 519
-.349

.56s
-.011
-. 310
-.081
- .044
-. 037
-.27L

COMPONENT SCORES
I -.207
2 .705
3 -.103
4 -.335
5 -.048
6 -.105
7 .347
I - .25'7
9 -.196

10 .009
11 -.267
72 -.244
13 .105
14 -.243
15 - .21,8
16 -.022
71 -.245
18 -.313
19 .105
20 .043
2I -.011
22 -.796
23 -.25'7
24 t.236
25 .176
26 -.084
)1 _ ala.¿Jt

28 -.221
29 -.029
30 -.225
21 aEaJI _. LJ I

32 -.221

-.124
.080

-.193
-.26L
-.495

.624

.863
-.051

.040

.045
-.053

. ]-66

.080
- .01"1
-.115

. 014
- .019
-.200

.080

.r23
-.318

.040
-.051
-.089

.408

.180
-.051

. r91

.031
-.09"7
- .01,1

.349
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33 -.285 -.019 -.1,26
34 -.029 -.081 .031
35 -.189 . 160 .O22
36 -.211 -.056 -.I43
31 - -250 -.048 -.069
38 .009 -.74I .082
39 -.266 -.025 -.042
40 -.196 .1_91 .040
4I . s85 .r1r -.223
42 .t99 -.I52 .I1.4
43 .590 .045 .101
44 .558 -.2r4 -.038
45 . 685 -.087 -.502
46 .1'72 - . 005 -. 354

SCORES FOR VAR]ABLES

VAR]ABLE 1

.055 -.316 .587
VAR]ABLE 2

0.000 -.013 .009
VAR]ABLE 3

.01 9 -. 063 .028
VARÏABLE 4

- . 014 -. 001 -. 006
VARIABLE 5

.024 - -I25 -.059
VARTABLE 6

.034 .081 -.008
VAR]ABLE 1

-.024 .492 .310
VARIABLE 8

.202 .690 .301
VARÏABLE 9

.145 -.083 .049
VARIABLE 1O

.575 .163 -.532
VAR]ABLE 11

.104 -.111 -.153
VARIABLE 12

-.003 .005 -.057
VAR]ABLE 13

.033 .028 -.011
VARÏABLE 74

-.072 -.025 .040
VARIABLE ].5

-.013 - -0r4 .019
VARÏABLE 76

- .032 -.048 .030
VARIABLE I1

.758 - -234 .273
VAR]ABLE 18

0.000 -.086 .113
VARTABLE 19

.002 - 013 .014
VARIABLE 20

-.093 -.021 -.248

99



Appendix 3b

Aris I

Appendix 3b - Principle component analysis biplot of the fungal assemblages for the
Cladonia rangiferina, C. mitís, & Pleurozíum schreberí July data collection. Fungal
species variables are represented by the circles along the axes, while samples are
represented by squares.
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Appendix 3c

Appendix 3c

Multiple Discriminate Analysis Summary Of The July
Fungal Assemblage F requency Data, Separating

Groups By Mat Species
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Appendix 3c

CANONICAL VARIATES ANALYSTS (MULTIGROUP DTSCR]MTNANT
ANALYS]S)

July data set for southern Manitoba by species

NUMBER OF VARIABLES : 3
NUMBER OF GROUPS : 3
NUMBER OF OBSERVATIONS : 46
LABELS FOR VAR]ABLES : NOT USED
LABE],S FOR OBJERCTS : NOT USED
SCORES ARE : SPHERIZED

UNIVARIATE F RATIOS V'IITH 2 AND 43 D.F.

VARIABT,E AMONG GROUP SSQ V{TTHIN GROUP SSQ F RAT]O

1

2
3

.66
0. 00

.06

.10

.08

.06

6.419
.010

1.068

EIGENVALUES

0. 38 63613D+00 0. 6607841D-03

CAN. VAR. ETGENVALUE E.V. AS ? CAN. CORR.

1 .39 99.83 .528
2 0.00 .71 .026

CHÏ-SQUARE TESTS WTTH SUCCESSIVE VARIATES REMOVED

CAN. VAR. CHTSQ DEGREES OF W]LKS
REMOVED FREEDOM LAMBDA

UPTO O

UPTO 1
13.75 6

.03 2
.1208
.9993

DÏSCRIM]NANT VüE]GHTS (CANONICAL VAR]ATES)

c.v. 1 0.29314258+01-0.1355394E+00-0.1957057E+01
c.v. 2 0.90992'728+00-0.r91,3291E+01 0.3159333E+01

CORRELATION MATR]X FOR THE TOTAL SAMPLE

1 1.000 0.000 0.000
2 0.000 1.000 0.000
3 0.000 0.000 1.000

CORRELATIONS OF VARTABLES WITH CANONTCAL VARIATES

vAR. 1 .911 .332
vAR. 2 --032 -.531
vAR. 3 -.410 .780

COMMUNALTT]ES OF VARIABLES FOR 2 CANONTCAL VARTATES

t02
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1 .947 2 .283 3 .'716

PERCENTAGE OF TR{R} ACCOUNTED FOR BY EACH E]GENVALUE

1 33.332 2 33.333

CENTROID FOR GROUP 1 ]N 2 DIMENSTONAL CANONTCAL SPACE

1 -.359 2 -.024

RADTUS OF 953 CONFIDENCE CIRCLE AROUND CENTROID : .54i

CENTRO]D FOR GROUP 2 TN 2 DTMENSIONAL CANONICAL SPACE

1 -.178 2 .030

RADïUS OF 95? CONFIDENCE CIRCLE AROUND CENTROTD : .5i7

CENTROID FOR GROUP 3 TN 2 DTMENS]ONAL CANON]CAL SPACE

1 r.291 2 -.001

RADIUS OF 95å CONFIDENCE CTRCLE AROUND CENTROTD : .865

THE 95% ISODENSTTY C]RCLE AROUND EACH CENTROTD
HAS A RÃDIUS OF 2.45

SPHERIZED

GROUP
1

2

3

4

5
6

1

I
9

10
11
72
13
L4
l_5

I6
71
18
I9
20

SCORES OF

1

-. 357
. 168
.075

-.410
.82r

-1.701
- .602
-. 6s3
-. 680
- .046
- .662

-7 .02L
. 168

-.701
-.405
-.073
-.556
-.523

. 168
--134

OBJECTS ON CANONICAL VARIATES

-. 459
. 581

-.722

-l .064
-1.703
- .522
4.256
- .314
-.430

.362
-.383

.591

. 581
- .582
-.405

.250
-.339
-. 866

.581

. 161
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GROUP

21"

22
a')

24
25
¿6
)'1

28
29
30
31
5Z
33
2AJA

35
36
37

GROUP

. s95
-.680
-. 653
3.'734
1.353
-.613
-. 653

-l-.011
-. 135
- .46'7
_ '1 11

-1.314
-.s88
-.135
- .6]-9
- .521
- .592
-.114

- .69'7
-.680
2.I30

.383
1 tr?1

r.144
3.006
2 .962

- .940
-.430
-.314
-.151
2-609
-. s91
-.314
1.010

.228
- .421
-.216
1.413
- .620

. z¿ö
-.408
-.598
_ ?Et

.536

- .321
-.430
- .498

.831-

.169

.191
- .'7 95
- .40'7

39
40
4!
A'

43
44
45
46
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Appendix 4a

September Fungal Assemblage Frequency Data
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Appendix 4a

Appendix 4a - Fungal assemblage frequency data for Cladonia mÌtis fromthe September
collection in southern Manitoba (Cont. on next pg.).

Sample Legend:
_: I (lichen plot), m (mixed moss-lichen plot)
_: # (plot number)

-= rang(cladonia rangiferina), mit (cladonia mitis), plet¡r.o (Pleurozium schreberi)
_: b(base), t(canopy)

_: #(sample #)

le

a)8sk .S ',:ÐÊ sÈ
*\ô\sìi<
Ë RËË *È è$RÔ\ $H 3 ì ì SS \ \ R s s b'ì È3 S $$Èìï+rSS s s-$ì Ë Ë ti s È ù ù Þ E E $ $Êa ì ù ù,s.s s s s ñ ù Ë Ë E
l234s6789t0llt213t4

Fungus (Frequency out of20)

llmittl 0 7 J 0 J 0 0 0 0 I 0 0 0
llmitt2 0 7 2 0 J 0 0 0 0 0 I 0 0 0
llmin3 0 6 4 0 0 0 0 0 0 2 0 0 0 0
l2füttl 0 0 0 0 0 0 0 0 0 0 0 0 0 l0
DmftA 0 8 I 2 2 0 0 0 0 0 0 0 0 5

2m1ff3 0 9 2 0 -t 0 0 0 0 0 0 0 0 5

5mittl 0 5 2 0 0 0 0 0 0 0 0 0 0 0
5mitl"z 2 .J J 0 2 I 0 0 0 0 0 0 0 0
5mitt3 0 5 -t 0 0 0 I 0 0 0 0 0 0
lTmittl 0 0 0 0 0 5 2 0 2 6 0 0 2

17mifiz 0 7 2 0 0 0 0 0 0 0 0 0 0 J

l7mifi3 0 5 2 0 4 I 0 0 0 0 0 0 0 0
19mittl 0 0 0 0 0 0 0 0 0 0 0 0 0 l0
19mitt2 2 4 I 0 I I 0 0 0 2 0 0 0 2
l9mitt3 0 6 I 0 I 2 0 0 I 0 0 0 0
m2mittl 0 J 2 I 0 I 1 I 0 0 0 I 0 5

nZmitt2 0 6 0 0 5 I 0 0 0 0 0 0 0 0
m2milt3 0 9 2 0 0 I 0 0 0 0 0 0 0 0
m4mittl 0 6 5 0 0 0 I 0 0 I 0 0 0
m4mitt2 0 6 J 0 0 0 0 0 0 0 0 0 0 5

m6mittl 0 5 5 0 0 0 0 0 0 0 0 0 0
m6mitt2 0 J 2 0 2 0 0 0 0 3 0 0 0 0
m6mitt3 0 6 J 0 2 J I 0 0 2 0 0 0 0
mTmittl I 5 2 0 0 2 0 0 2 2 0 I 0
mTmitt2 I 4 2 0 0 2 0 2 2 0 0 I 0
mTmitt3 0 4 0 0 0 0 I 0 0 0 0 0 I J

mSmittl 0 0 0 0 I 0 0 0 0 0 0 7
mSmitt2 0 6 5 0 2 0 0 0 0 I 0 0 0 2

m8mitt3 0 5 5 0 0 0 0 0 0 2 0 0 0 0
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Appendix 4a

Appendix 4a (Cont.) - Fungal assemblage frequency data for Cladonìa rangiferina from
the September collection in southem Manitoba (Cont. on next pg.).

Sample Legend:

_: I (lichen plot), m (mixed moss-lichen plot)
_: # þlot number)

-: rang(cladonia rangiferina), lmit (cladonia mitis), pleuro (Pleurozium schreberi)
_: b(base), t(canopy)

_: #(sample #)

$$*
9-or-Ë.Sù s sës t$Ël SS

t ñsËËËss ëåRN $E s s'r i S SS \ \ b R s s Þ t ñÈFÈååRÈËËÈÏrÈ*$sÈ
$ * èS S s Ä s s s s s c Ë $-sst 2 3 4 5 6 7 8 9 l0 l1 t2 13 t4 15 t6 t7

Fungus (Frequency values out of20)

llranstl 0 t0 0 5 0 0 4 0 0 0 0 0 0 0 0 0 J
lTranst2 0 7 0 6 0 0 4 0 0 0 0 0 I 0 0 0 0
llranet3 0 7 0 0 I 0 J 0 0 0 0 0 0 0 0 0 0
l2ranptl 0 6 0 0 5 0 4 0 0 I 0 0 0 0 0 0 0
2raîet2 I 8 0 6 0 0 t 0 0 0 0 0 0 0 I 0 0
2ranet3 0 2 0 2 0 0 J 0 5 0 0 2 0 0 0 0 0
Sranstl 0 7 0 2 I 0 -t 0 0 0 0 0 0 0 0 0 0
t5ranet2 0 8 0 8 0 0 0 0 0 I 0 0 0 0 0 0 0
15ranst3 0 4 0 2 1 0 0 0 2 0 0 0 0 0 0
lTrarg¿tl 0 4 0 4 0 0 2 0 0 0 0 0 0 0 0 0 J
17runet2 0 8 0 2 0 0 2 I 0 0 0 0 0 0 0 0 0
lTrargt3 0 8 0 2 0 0 J 2 2 0 0 0 0 0 0 0 I
9ranetl 0 6 0 J 0 0 0 0 0 0 0 0 2 0 0 0 I
FrarEI2 0 5 0 5 0 0 2 0 0 0 0 0 0 2 0 0 0
19ranst3 0 3 0 4 0 0 2 I 0 0 0 0 2 2 0 0 0
m2ranetl 0 6 0 0 0 0 0 2 2 0 0 I 0 0 0 0 J

m2ranst2 0 8 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0
m2ranst3 0 8 0 4 0 0 I 0 0 0 0 0 0 0 0 0 0
m4ranstl 0 2 0 2 0 0 0 0 2 0 0 2 I 0 0 0 6
m4ranst2 0 8 0 2 0 0 I 0 I 0 0 0 0 0 0 0 0
m4rang.t3 0 5 0 2 0 0 0 0 0 0 0 I I 4 0 I 0
m6ranstl 0 5 0 5 0 0 2 0 0 0 0 I 2 0 0 0 0
m6ranet2 0 8 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
m6ranet3 0 2 0 0 0 0 0 0 0 0 0 I 0 0 0 0
mTranetl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10
mTranpt2 0 5 I 0 0 0 2 0 0 0 0 J 0 0 0 2
rn7rarqt3 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 8
mSranstl 0 5 0 t 0 0 0 0 I 0 0 0 3 I 0 0 0
mSrangt2 0 4 0 3 0 0 I 0 0 0 0 0 2 0 0 0 6
mSrangt3 0 6 0 I 0 0 -1 0 0 0 0 0 0 0 0 0 0
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Appendix 4a

Appendix 4a (Cont.) - Fungal assemblage frequency data for Cladonia rangíferína from
the September collection in southem Manitoba (Cont. on next pg.).

Sample Legend:

_: I (lichen plot), m (mixed moss-lichen plot)
_: # þlot number)

-: rang(cladonia rangiferina), mit (cladonia mitis), plevro (Pleurozium schreberi)
_: b(base), t(canopy)

: #(sample #)

a-
p
òo
h

\)
UGIJ

-Y^'s
* ñì

69rsS
:'ËÈsss€È 8,\\\
123

8^
33s 'ËÈõFou È SÈ'\ È sÈ ì êiiS ùÈ sè $ ñS S $ È'ã €'ã ñ q

È ÈÀ st ì ì i ì Ss ìi s
Ê ñ s H È U U è \ E E $ $€ù ù ri,ss s s s s ù ñ Ë Ë s
4 5 6 7 8 9 10 il t2 13 t4 15 16 17

Fungus (Frequency values out of20)

llranebl 0 J 0 0 0 0 0 5 0 0 0 4 J 0 0 0 0
llrartsb2 0 0 0 0 0 0 I 5 0 0 0 0 2 0 0 0
Ilraneb3 I I 0 0 0 2 0 2 I 0 0 0 2 0 0 0 2
Dransbl 0 0 0 0 0 0 0 0 2 0 0 9 0 I 0 0 0
Drarqb2 I 0 0 0 0 0 0 0 0 0 4 0 0 0 0 2
Draneb3 I 0 0 0 0 0 0 0 2 0 0 -t 0 0 I 0 2
lSransbl 0 0 0 0 0 0 0 0 9 0 0 J 0 0 0 0 0
l5ra¡.tsb2 0 0 0 0 0 0 0 0 2 0 0 I 0 0 0 0 I
15raneb3 0 0 0 0 0 0 0 0 6 0 0 5 0 0 0 0 0
lTransbl I I 0 0 0 0 0 0 5 0 0 I 0 0 0 0 J

lTransb2 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 9
Aransb3 0 2 0 0 0 0 0 0 4 0 0 2 4 0 0 0 4
l9ranebl 5 0 0 0 0 0 0 7 0 0 0 0 7 0 0 0 0
L9rarqb2 3 2 0 0 0 0 4 0 0 0 I 6 6 0 0 0
9raneb3 2 J 0 0 0 0 0 7 2 0 0 0 6 0 0 0 4
m2ranebl I 0 0 0 0 0 0 I 5 0 0 0 0 0 0 0 5
m2rangb2 0 4 0 0 0 0 0 I 0 0 0 0 0 0 0 0 9
m2rarpb3 0 0 0 0 0 0 0 2 2 0 0 2 0 0 0 0 2
m4ransbl 0 0 0 0 0 0 0 0 1 0 0 t 0 0 0 0 2
m4raneb2 J 0 0 0 0 0 0 0 5 0 0 5 0 0 0 0 J
m4ransb3 0 0 0 0 0 0 0 J a 0 0 J I 0 I 0 6
m6ranebl 0 J 0 0 0 0 I 4 0 0 0 I t I 0 0 0
m6ranebz 2 I 0 2 0 0 0 5 0 0 0 I I 0 0 0
m6ransb3 0 0 0 0 0 0 0 J J 0 0 0 0 0 0 0 8

mTranebl 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 9
rnTraneb2 6 I 0 0 0 0 0 0 I 0 0 2 7 J 0 0 J
mTraneb3 0 0 0 0 0 0 4 0 0 0 0 6 0 0 0 7
m8rangbl 0 0 0 0 0 0 0 0 5 0 0 I 0 0 0 0 0
mSransb2 0 2 0 0 0 0 0 0 I 0 0 J 0 0 0 0 5

mSransb3 0 7 0 4 0 0 0 0 I 0 0 I 4 0 0 0 0
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Appendix 4a (Cont.) - Fungal assemblage frequency data for Pleurozium schreberi from
the September collection in southern Manitoba.

Fungus (Frequency out of20)

Sample Legend:
_: I (lichen plot), m (mixed moss-lichen plot)
_: # (plot number)

_: rang(Cladonía rangiferina),mit(Cladonia mitis),plewo (Pleurozium schreberi)
_: #(sample #)

sa

q)(.) ^\s \.sËnÊÈsS.R È ì
-'\c\SlË9-S+h+t$Ä*À.Ri ñ S S È ì èè N, .'$?.S.SÈNG\'óaççSS\:ñsdÈ: S B.B.sTrrrSÈ s'$
E Ë Ë ri s È ì \ ì E E $Sì ì ù ù,SÈ S S S ù ù Ë S
12345678910111213

m2olewol 0 0 0 0 0 l3 2 0 0 0 0 l7
m2pletxo2 0 0 I 0 t0 2 0 t 5 0 0 t5
m2pleuro3 2 2 2 0 J t3 3 0 6 4 0 1 l0
m6pleurol 4 2 2 0 0 8 5 0 0 l0 5 0
m6pleuro2 J 0 0 0 I J 8 I 7 0 0 -t

m6pleuro3 2 0 0 0 0 7 4 0 2 2 0 0 t2
mToleurol 7 I 0 0 0 J J 0 2 I 2 I t4
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Appendix 4b

Principal Component Analysis Summary Of The
September Fungal Assemblage Frequency Data
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PRINCIPAL COMPONENTS ANALYS]S

September data set, southern Manitoba

INPUT AND RUN PARÄMETERS

NUMBER OF ROVT]S :
NUMBER OF COLS
TYPE OE ANALYSIS :
NO. OF COMPONENTS RETAINED :
LABELS FOR OBJECTS :
LABELS FOR VARTABLES :
CORRESP. ANALYSIS :
I{ATRIX :
PRINTOUT :
VAR. SCORE OPTION :
OBJ. SCORE :

VARIABLES STAT]ST]CS

POOLED VARTANCE :

VARÏABLE MEAN STANDARD DEVTATION

Appendix 4b

1"26
71

PCA FROM COVARTANCES
3

NOT USED
NOT USED

NOT APPLICABLE
NOT SAVED
SHORT
EÏGENVECTORS AS COORDINATES OF VAR.
NORMALTZED TO LAMBDA

.9238

VAR]ANCE VAR]ANCE
ASå

I
2
3
4

5
6

7

I
9

-LU

11
12

74
15
I6
L1

.1370

.4347

.0048

.258'7

.0243

.0038

.1522

.246I

.2432

.0143

.0024

.79'7 4

.2549

.0513

.o239

.001 2

.4053

.2390

.389s

.0378

.2894

.702\

.0425

.2395
-3287
.3023
.064 4

.0268

.261 0

.297 9

. 158 9

.0817

.0467
- 4028

.0571

. 1517

.0014

.0837

.0104

.0018

.051 4

.IQ16

.09r4

.0041

.0007

.0713

.0888

.0253

.0061

.0027

.r623

1a

0 .92384052E+00

6.180
L6 .425

.]54
9.065
7.I28

.796
6 .2r0

11.651
9.893

.448

.078
7.7]-4
9. 608
2 .133

1)a

.230
17.563

NUMBER OF POSITTVE ETGENVALUES :

SUM OF POSITIVE E]GENVALUES :

EIGENVALUES
0.3320E+00 0.1526E+00 0.I240E+00
0.50148-01 0.3601E-01 0.3213E-01
0.9996E-02 0.55298-02 0.3203E'-02
0.13108-02 0.6064E-03

0 .66028-07
0.2981E-01
0.I9I6E-02

0 .51 4 6E-0 1

0.1932E-01
0.71268-02
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E]GENVALUES AS PERCENT
35.94 16.52
5.43 3.90
1.08 . 60
.74 .01

CUMULATTVE PERCENTAGE
35. 94 52.46
84. 68 88.58
98.4s 99.05
99.93 100.00

13.42
3.48

2tr
.JJ

OF EIGENVALUES
65.88
92 .05
99 .40

.3521,11

.11 9257

.056593

73.03
95.28
99 .6r

7.15
3.23

.27

6.22
2 .09

.19

'7 9 .25
91.37
99 .19

.2391 04

.138991

.041550

SQUARE ROOTS
.57 6226
.22391.6
.099981
.036196

OF ETGENVALUES
.390696
. L891 61
.07 4359
.024625

-.378
.209

-.364
-.rL'l

.038
-.152

.648

.481
-.030

.7 9'1

. 601

.570
-.o41
- 7qq

- .224
.091

-.146
. 019

-. 953
. 053

-.62't
-. 534

- 415
-.041

.650

.336
-.214

1o.1

-.053
- .321

. 318
-498

_ tr2tr

.404

.2s6940

. L] 2651

.0 43'71r

COMPONENT SCORES

1

2
3
4

5
6

7

8

9
10
11
72
13
L4
15
1-6
71
18
I9
20
2I
22
23
24
z3
26
2'7
28
29
?at

?1JA

32
??

34

.136
-.091
-. 100

.891
oot

.735
-.481
-.416
-. 107
- .449

.480

.593
-.198
- .643
_ AA A

- 66r
.'7 45
. 618

-. 603
-.186
-.236
-.751

. 412

.-1 45
-.481
- .4r9
-.617
-.449

.206

.475
- .620
-.150

.148

.050

.153

.309

.090

.060
-. 096

.087

.093
- .1"1-1

.281

.063

.21,0
zF'q

_.'709
- .21"7

.330
-.I'71

.109
-.268
-. 069
-. 115
-.579

. 193
1aE

.004

. 194
-.248

tr1tr

.063

.430

.075
- .201

.338

.200

. L11
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35
36
37
38
39
40
4T
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
51
58
59
60
6L

62
63
64
65
66
61
68
69
10
17
72
13
14
'75

76
11
18
"79

80
81
82
83
84
otr

86
81
88
89
90
9t

.623

.1r6
- .45r
- .569
-.309

.566

.406

. 193
-. 455
-.313

.119

.602

.565
-.591
-.358
- .449

. 055

.l-91

.083
- .641
- .201"
- .512
-.I77

.685
1)q

_ Â 41

-.309
-.510

.833
1.008

.703
-.361
- .492
-.530

.703

.928

.284
- .479
-. 330
- .4L1

.884

.950

.453
-.4I7
-.510
- .391

.544

.7 99

. 514
- .440
-.011
- .469

.566

.894

.621
-.618
-. OBB

- .022
-.034
- ¿qq

.557

.446

.052

.580
- .4r9
-.516
- .319

.082
-.201
-.480
-.131

.295

.7 91
-.r47
-.555

.437

.r23
-.o92

. 418

. 618

.220
-. 155
- .663
-.240
-.724

.438
- .092

. 118
-.268

.075

. 116

.131

.003
-.2r2
-.243

1A?

-.253
.090
.063

-.749
.200
.645

-.052
.454

-.045
-.041
-.839
-.911
_ Aaa

.045

.001
-.3s2

.261
Â?2

-.073
.007

-.785
.045

T trtr. AJJ

.045
aa^

-.011
-.776

.309
-.136

.078

.25'7
- .21r
- .471

.063

.426
-.r49
-.130
- .436

.052

.037
-.00s

.213

.090
-.019

.311

. 160

.249

.089
-.273
- .974
-.241,
-.538
-.276
-.006
- .610

-1.017
-.570

-1.013
-.119
- n¿ q

-.253
-.450

.186
-.r31

1Ea-

.025

.062
E1 

^

.485

.69r

.201
-. 0s3

.24'7
-.185

.319

l\4
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92
93
94
95
96
91
98
99

100
101
L02
103
104
105
106
107
108
109
110
111
L72
113
1L4
115
116
771
118
119
L20
L27
r22
1"23
124
125
126

- .516
-.019

.657

.922

.569
-.430
-.'7L0
-.838
-.175

a Ea

.128
-.003
- .'t4I

.164

.852

.696
- .482
- .486
-.701
- .449

. 194
-.484
-.284
- .214

.589

.45'l

.308
aaE

-1.053
- .964
- .665
-.462
-. 951

-1.154
-. 935

.009

. 118

.]-L4

.073
-.227

.2L8

.069

.008

.258

.01-1
-.588
-.584

?trô

-.244
.081

-.044
. s39

- .311"
-.059

101

-.085
.400

-.176
.400

- .401
-. 313

.384

.091

.264
-.113
- .529
-.854
- .459
-.L41
-.031

-.327
-.045
-.220
-.083
-.091
-.516
-.562

. 003
-.060
-.248

.229
22q

.065

. 018
-.100
-.038

.256

.205

.140

.063

.501
?)1

-.830
-.286
-.02s
-.02r

.448
-. 165

.477

.'7 37

.680

.'7 99
-.300

.362

.37 4

SCORES FOR

VARTABLE 1

-.148
VARÏABLE

.604
VARIABLE

- .002
VARTABLE

.380
VARlABLE

.023
VAR]ABLE

-.006
VAR]ABLE

.234
VARIABLE

-.264
VARIABLE

- .285

VAR]ABLES

-. 199

-.01_8

.007

-.059

.035

-. 003

- .025

- .427

-.228

.146

. 190

.015

.]-96

.003

.005

.055

. 41I

- 407
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VARIABLE 1O

.006 -.007 .002
VAR]ABLE 11

.003 - -002 -.005
VARIABLE 72

-.239 -.256 -.328
VAR]ABLE 13

-.106 -.490 .435
VAR]ABLE 74

.014 -.139 .080
VARIABLE 15

-.018 -.00s .015
VARÌABLE I6

.006 -.005 -.007
VARIABLE 1.7

- .440 . 633 .463
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t{*t tt
1',8J

r20
I

çr{
i,t

40
r?{ ,t#nj'ïr

124
I

-1 t1
Axis I

Appendix 4b - Principle component analysis biplot of the fungal assemblages for the
Cladonia rangiferina, C. mítís, & Pleurozium schreberi Septemb er datacollection.
Fungal species variables are represented by the circles along the axes, while samples are
represented by squares.
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Multiple Discriminate Analysis Summary Of The
September Fungal Assemblage Frequency Data, Groups

Separated tsy Mat Species

Appendix 4c

AppendÍx 4c
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Appendix 4c

CANON]CAL VARTATES ANALYS]S (MULTTGROUP DISCR]MTNANT
ANALYS]S)

September data set for southern Manitoba by species

NUMBER OF VARTABLES : 3
NUMBER OF GROUPS : 3
NUMBER OF OBSERVATIONS : !26
LABELS FOR VARIABLES : NOT USED
LABELS FOR OBJERCTS : NOT USED
SCORES ARE : SPHER]ZED

UNIVAR]ATE F RATTOS ü]]TH 2 AND 123 D.F.

VARÏABLE AMONG GROUP SSQ WTTHIN GROUP SSQ F RATTO

1

2
3

2.94
.30
.17

.29
Ttr. f J

.11

L0.L62
2.024
6.823

EÏGENVALUES

0. 3580044D+00 0. 1000378D-01

CAN. VAR. EIGENVALUE E.V. AS % CAN. CORR.

1

2
.36 9'7.28
.01 2 -12

.513

.100

CHI-SQUARE TESTS üIITH SUCCESSTVE VARIATES REMOVED

CAN. VAR. CHISQ DEGREES OF WILKS
REMOVED FREEDOM LAMBDA

UPTO O

UPTO 1
38.55 6
L.21 2

.1291"

.9901

DÏSCRIM]NANT VüEIGHTS (CANONICAL VAR]ATES)

c.v. 1 -0 .I4172738+01-0.8971839E+00 0 .199'74228+OI
c.v. 2 0.60056238-01 0.22381298+01 0.1356111E+01

CORRELATION MATRTX 
-FOR 

THE TOTAL SAMPLE

1 1.000 0.000 0.000
2 0.000 1.000 0.000
3 0.000 0.000 t_.000

CORRELATIONS OF VARTABLES Vü]TH CANONTCAL VARIATES

vAR. 1 -.733 .035
vAR. 2 -.303 .817
vAR. 3 .608 -4'79
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COMMUNAL]TTES OF VAR]ABLES FOR 2 CANON]CAL VARTATES

1 .539 2 .861 3 .600

PERCENTAGE OF TR{R} ACCOUNTED FOR BY EACH EIGENVALUE

1 33.333 2 33.333

CENTRO]D FOR GROUP 1 IN 2 DIMENSIONAL CANONTCAL SPACE

1 -.056 2 .L05

RADIUS OF 95% CONFIDENCE CIRCLE AROUND CENTROID : .319

CENTROTD FOR GROUP 2 TN 2 DIMENSTONAL CANONICAL SPACE

7 -.226 2 -.09"7

RADïUS OF 95? CONFIDENCE CIRCLE AROUND CENTROID : .316

CENTROTD FOR GROUP 3 IN 2 DIMENSIONAL CANON]CAL SPACE

L 2.4I4 2 -.051

RAD]US OF 95å CONFIDENCE CTRCLE AROUND CENTROTD : .925

THE 95? ISODENSTTY CTRCLE AROUND EACH CENÎROTD
HAS A RADTUS OF 2.45

SPHERIZED

GROUP

1
2
3
4

5
6

1

I
9

10
11
72
13
I4
15
I6
71
18
19

SCORES OF

1

.444

.573

.654
-1.095
-L .522
- .112

.312

.029
?EO -

- I JO

. 071
-.821
-.868

-7.082
7 .201
t_. s58

-1 . 413
-.1 41

-7.462
1.605

OBJECTS ON

-. 631
.881

-.700
-.r28

.007
-.L11
r.546

.902

. 314
I.844
1.658
7.662

-1 . 07 9
-2 .024
-.082

. 016
-.134
-.284

-2 -264

CANONTCAL VARIATES
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GROUP

20
2I
22
23
24
25
26
2"7

28
29
30
31
2a

33
34
35
36
31
38
39
40
4I
42
43
44
45
46
41
48
,40

50
51
52
53
54
55
56
51
58
59

60
6I
62
63
64
65
66
61
68
69
10
't7
'7)

13
'74

-. 005
-.246
I .969
-.870

-1 . 04 6
.5L2

-. 180
2.263

.0'7I

. 603
-.256
.2r3
.450
.664

-.083
-! .0 42
-1.008
- .491

.426

.364
- .'7 90
- .6'7 9
-.062
- .298
T.4I1

-]-.490
- .544

.113
¿q?

-.5'72
.01L
.896

- .019
-.114
-. 030

.481

.541
-. 304
-. 660
-.7 48

1.184
1" .291,
7.I82

-7.I20
- L. ZZZ

-1.565
-1.055

.11 4

-. 400
-1.584
-L .31 9
-1.566
-1.198
-.780

-1.183

-.049
-2.203
- .9'7 8

1.263
-. 057
1.689

.391

.044
L.844

.478
- .602

?qq
r .566
- .9L1
1.746
-.1r2
-.023

-2.!I0
r.214
1.191

.2r1.
r.623

-1.031
_, 1trtr

- .449
.046

--JZZ

- .697
- .696

.012
1".844

2^7
-7.432

.807
_ 2trtr

-.r41
oqo

1.366
qô¿

-.181

-1. 535
-.133
- no,
1.368
- .025

.018
-1.861
-.188
-. 501

.043

.054
-1.366
-7 .949
- . 4'7I

-1.965
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-75

76
tt
18
19
80
81
ôôOZ

83
84
85
86
8'7

88
89
90
91
92
93
94
95
a^
9'7

98
99

100
101
r02
103
L04
105
106
rol
108
109
110
111
772
113
1L4
115
t1_6
r77
118
119

GROUP

720
12L
1"22
1"23
124
725
726

-1".619
-1.553
-1.039
-.413

.543

.356
-.895

-1.086
-.595
2.426
I .802
2.453
-.458

-r.422
-.113

.388

. L99

. 198
-.080

-1.509
-1.588
-.815
- .594
-.139
r.231
-.09s

-7.61"1
1o1

.911

. 903
-.871

_1 ÃOtr

-1.061
.7 31

t.456
2 .571

.0"7I
? o'l

1.008
-1.136
- .527
-.551
- .432

.091
-1.553

2.L34
2 .993
2.8L2
3.O42
7.2L3
2.s53
2.749

.093

. t-33
- .648
-.781
1".664
- -326
1 .261.
-.019

.024
-I.208
-1.381
-.049

. 415
-.018
- .4L6

.306
r.842
-.450

.l_98
-.004

.106
- 

q o?

-.238
-. 651
-. 030

.486
-.251_
-.991

-r.002
.830

- .4't 6

.096
-.109
r.526
-.s82

.831
I.844

.500
1.309

-1.401
.491

-. 909
-.102
1.485

.026

1.087
.690

-.302
-.856

-7.49L
.093
.382
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Appendix 5a

Pooled July Fungal Assemblage Frequency Data By
Collection Type Group
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Appendix 6a

Pooled september Fungal Assemblage F requency Data
By Collection Type Group
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Appendix 7a

Appendix 7a

Temperature Data For La Broquerie, Prior To July &
September Collections
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Appendix 7a

Appendix 7a -Meterological data collected from Environment Canada, La Broquerie
collecting station, prior to July and September collections in southern Manitoba.

Date
Max

Temo
Min

Temo
Mean
Temp Date

Max
Temp

Min
Temo

Mean
Temo

22/06/03
23/06/03
24/06/03
2s/06/03
26/06/03
27/06/03
28/06/03
2s/06/03
30/06/03
0t/07/03
o2/o7/03
03/07/03
04/07/03
osl07/03
06/07/03
07/o7/o3
ogl07/03
os/07/03
tol07/03
LLl07/03
L2/07/O3
13/07/03
74/07/03

24.7
25.2
2t.4
75.2
L7.5
27.9
2L.6
23.4
27.7
29.7
28.9
26

23.9
25.9
24.7
L9.7
19.3
27.9
22

23.4
26.5
28.7
24.7

L4.4
8.6
11.9
9.5
8.9
3.1

L2.4
9.2
9.2
L4.3
19.3
L4.9
13.3
L3.4
L2.3
Lt.7
7.3
6.9
13.1
9.6
8.5
L4.9
14.t

19.3
16.9
L6.7
12.4
L3.2
12.5
L7

16.3
18.5
22

24.L
20.5
18.6
L9.7
18.5
L5.7
13.3
L4.4
17.6
16.5
77.5
2t.B
L9.4

06/oe/03
07/09/03
ogl09/03
0e/09/03
LOlOe/03
11/oe/03
72/Oe/03
L3/09/03
L4/Os/03
Ls/09/03
L6/Os/03
17/O9/03
LBlOs/03
te/09/03
20/09/03
2L/Oe/03
22/09/03
23/09/03
24/Os/03
2s/09/03
26/Oe/03
27/09/03
28/09/03

27.5
30.3
29.7
28.L
2I.2
20

22.3
L9.4
13

20.4
20.8
19.1
10.9
13.6
15.1
L2.5
12.3
19

8.6
11.8
10.3
8.2
70.7

7.9
10

15.8
18.3
16.3
L2.9
L2.2
11

6.3
4

9.1
11

7.L
4.2
0.6
7.3
6.6
-L.7

5

-1.6
1

2.3
-2.3

L7.7
20.2
22.8
23.3
1B.B

16.5
L7.3
L5.2
9.7
12.2
15

15.1
9

8.9
7.9
9.9
9.5
8.7
6.8
5.1
5.7
5.3
4.2
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Appendix 8a

Precipitation Data From St. Labre, Prior To July &
September Collections
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Appendix 8a

Appendix 8a - Meterological data collected from Environment Canada, St. Labre
collecting station, prior to July and Septernber collections in southern Manitoba.

Date
Daily

Rainfall
Total

Rainfall Date
Daily

Rainfall
Total

Rainfall
23/06/03
24/06/03
2s/06/03
26/06/03
27/06/03
28/06/03
29/06/03
30/06/03
oLl07/03
02/07/o3
03/07/03
04/07/03
0s/o7/03
06/07/03
07/o7/03
0B/07/03
oel07/03
LOl07/03
7L/07/03
r2/o7/o3
r3/o7/03

o.4
t.2
7.2

0

0

8.6
0

0

0

13.4
0

1.4
0

0

0

0

0
T
B

0

2.8

o.4
1.6
B.B

B.B

B.B

L7.4
L7.4
L7.4
L7.4
30.8
30.8
32.2
32.2
32.2
32.2
32.2
32.2
32.2
40.2
40.2
43

07/oelo3
oglos/03
09/oe/03
LOl09/03
LUOel03
L2/Oe/03
13/oe/03
L4/09/03
rs/oe/03
L6/09/03
L7/09/03
LB/09/03
19/oe/03
20/09/03
2L/09/03
22/Oe/03
23/09/03
24/09/03
2s/os/03
26/Oe/03
27/O9/O3

0

0
1.6
6.8
0

B

2

1.3
0

2.6
37.8

2

0

4.4
3.6
3.2
o.4
4

L,2
T
T

0

0

1.6
8.4
8.4
16.4
18.4
19.7
L9.7
22.3
60.1
62.L
62.1
66.s
70.L
73.3
73.7
77.7
78.9
78.9
78.9

T: Trace rainfall
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Appendix 9a

Fungal Assemblage Frequency Data For Cludoniø mitis
t'rom The September Data Set
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Appendix 9a

Appendix 9a (Cont.) - Fungal assemblage frequency data for Cladonia mitis fromthe
September collection in southern Manitoba.

Sample Legend:
_: I (lichen plot), m (mixed moss-lichen plot)
_: # (plot number)

_: mit (Cladonia mitis)

_: b(base), t(canopy)

_: #(sample #)

le

$-.ø.ñ.S$Ë sÈri.ÈìË
*\c\\ìãRùrt+rF.-o*ÀùRi ñ S S È.ä èë. Sô\ 3ùq.s.sI ri S S sS \R S S !t Ë;sÉõ.È*rrrSSSs{È È 3 3 H È þ þ þ ì È B. S,ì.È \ \ \ .Sì r Õ ù ù .È .Ë _ñ .::\ (.).€ÈSS'R.ô,s.s,*ññ'{\ \ Q u,$È S S S Ñ ù Ë Ë È
1234567891011121314

Fungus (Frequency out of20)

llmitbl 0 2 0 0 0 0 0 0 5 0 0 0 0
llmitb2 2 0 2 0 J 0 0 0 0 2 0 0 0 4
llmitb3 2 0 I 0 0 2 0 0 0 I I 0 0 0
l2mitbl 2 0 0 0 0 0 0 0 0 0 0 0 0 8

l2mirb2 I 0 I 0 0 0 0 I 0 0 0 0 7
l2mitb3 2 I 2 0 0 0 0 I I 4 0 0 0 J

lsmitbl 0 0 0 0 0 0 2 0 1 0 0 0 0 0
15mitb2 I 0 0 0 0 9 6 0 I I 0 0 0 0
15mitb3 0 0 2 0 0 5 0 0 J 2 0 0 0 3

lTmitbl 2 0 0 0 I 6 J 0 5 4 0 0 0 0
lTmitb2 2 I 0 0 J I I 0 I 0 0 0 0 2
lTmitb3 0 J 0 0 0 2 9 0 4 I 0 0 0 0
lgmitbl 0 0 0 0 0 0 0 0 0 1 0 0 0 t0
19nitb2 I 0 0 0 0 0 0 0 2 0 0 I 0 3

lgmitb3 0 0 I 0 0 5 I 0 I 6 0 0 0 5
m2mitbl 0 0 0 0 0 I 2 0 I 0 0 0 0 5

m2mirb2 0 J 0 0 0 2 0 0 0 0 0 0 0 7
n2mitb3 0 5 0 0 0 4 I I 0 J 0 0 0 0
m4mitbl 0 0 0 0 0 0 r0 0 2 2 0 0 0 0
m4mitb2 0 0 0 I 0 I I 0 0 0 0 0 0 8

m4mitb3 2 0 0 0 I I 0 0 0 0 0 0 7
m6mitbl 6 2 I 0 I 0 0 0 2 2 0 0 0 0
m6mitb2 0 0 0 0 0 0 7 0 J -t 0 0 0 0
m6mitb3 0 0 I 0 I 7 0 0 2 0 0 0 I
mTmitbl 6 0 0 0 0 0 0 0 9 I 0 0 0 2
mTmitb2 0 0 0 0 0 0 0 I 0 0 0 0 2
mTmitb3 0 0 0 0 0 0 0 0 0 0 0 0 0 l0
mSmitbl 0 0 0 0 0 I 6 0 I 0 0 0 0 5

mSmitb2 -t 2 0 0 0 0 2 0 0 J 0 0 0 2
mSmitb3 I 0 0 0 0 I I 0 0 0 0 0 0 6
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Appendix 9b

Appendix 9b

Principal Component Analysis Summary Of Fungal
Assemblage Frequency Data For cludoníu mitis From

the September Data Set
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PRINCIPAL COMPONENTS ANALYS]S

September coffectj-on of Cfadonia mitis, southern Manitoba

]NPUT AND RUN PARAMETERS

NUMBER OF ROhJS :
NUMBER OF COLS
TYPE OF ANALYS]S :
NO. OF COMPONENTS RETAINED :
LABELS FOR OBJECTS :
LABELS FOR VARIABLES :
CORRESP. ANALYSTS :
MATRIX :
PRINTOUT :
VAR. SCORE OPTTON :
OBJ. SCORE :

VARIABLES STATTSTICS

POOLED VARTANCE :

VAR]ABLE MEAN STANDARD DEVTATTON

Appendix 9b

59
I4

PCA FROM COVARIANCES
3

NOT USED
NOT USED

NOT APPLTCABLE
NOT SAVED
SHORT
EIGENVECTORS AS COORDINATES OF VAR.
NORMALTZED TO T,AMBDA

.8013

VARIANCE VARTANCE
ASå

1

2
aJ

4

5
6

1

8

9
10
11
I2
13
t4

.1393

.4228

.263'l

.0183

.I41I

.220r

.2051

.0153

.1590
- ¿4 l-z
.0153
.0255
.0r02
.4077

.2313

.3830

.261 6

.0819

.2390

.2861.

.2844

.0661

.2406

.21 38

.0667

.0846

.0549

.3887

. 0535

. 1467

.07 L6

.0067

.0571

.0818

.0809

.0044

.051 9

.0750

.0044

.0071

.0030

. 1511

6 .615
18.309
8.93s

.837
7 .1_26

r0.21"4
10.094

.555
1 .224
9. 354

trtrtr

.892

.3'7'7
L8.852

NUMBER OF POSITIVE E]GENVALUES :

SUM OF POSITTVE EIGENVALUES :

ETGENVALUES
0.264 9E+00 0. 19318+00
0.3845E-01 0.30628-01
0.4968E-02 0.36168-02

E]GENVALUES AS PERCENT

0.7704E-01 0.6995E-01 0.5405E-01
0 .28248-01 0. 22838-07 0 .'t 62rE-02
0.3268E-02 0.25918-02

74

0.80129160E+00
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CUMULATTVE PERCENTAGE
33.06 57.15
81 -04 90.86
98 . 81 99 .2'7

9 .6L
3.52

.4r

OF EIGENVALUES
66.11
94.39
99. 68

33.06
4.80

.62

24.09
2 0î

.46

8 .13
2 .85

75.50
9'7.24

100.00

.264486

.1,5r092

.050961

6.'75
.95

82 .24
98.19

SQUARE ROOTS OF E]GENVALUES
.s14106 - 439316 .2'71560
.196085 .175000 .168060
.070483 .060631 .057165

COMPONENT SCORES

.232484

.087300

1

2
3
4

5

6

1

I
9

10
11
I2
13
74
15
16
I1
18
79
20
2t
22
23
24
aç

26
)1

28
to

30
31

33
34
35
36
31
38

.139
- .742
-.116
-.575
-.555
_.II4
-.315
- .56'7
- A'E

-.505
- .791
-.183
- .51r
-. 515
-.590
-.614
-.149

aaa

-.507
-. 638
- .320

.L92
-.502
- .258
-. 63s
- .468
-.563
-. 693
-.198
- .624

ooT

Q?O

.1r6
-.563

.442

.51 4
qq¿

.557

-.401
.255

- .32'7
.609
.399
.031

- .265
- .916
-.240

-1.039
-. 008
-.834

.578
2Añ

-.299
.749
. 413

- .566
- .120

.431

.398
-.359
- .159
- .428
-.l-64
.72I
.102

-.104
- .7r2

.326
-.045

.0'7 4
-.111

1^)

.6Zt

.609

.0't2
-.08s

.r]-'7

.634

.340

.236

.060

.594
-.373
-.259
.32r

2qq

.r22
-.584

.101

. 160

.256
- .285
-.151
- -1_17

- .456
--zzl,
-.r25

.656
-.306

.061

.668
-.223
-. 033
-.51"2

. 168
_ 

^/ 
tr

.070
-.089

.054
--033
-.101
- .029
-.190

aAa
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39
40
4T
42
43
44
45
46
41
48
49
s0
51
52
53
54
55
56
51
58
59

.566
- .669

.430

.131"
-.s63

.249

.515

.038

.601

.710

.552

.368

.119

.575

.641

. r40

.240

.026
_ aç A

. 613

.10r

-.034
-.633

. 487
- .044

.102

.036
- .324

)aa

-.060
-.U¿4

.058

.601

.075
-.192
-.451
-.061
- .582

.342

.532

.28 4

-.113

-. 335
.087

-.748
-.050
-.033

?o,

.002
-.249
-.r43
--zzt
-.145
-.093
-.l-06

.202
-. 034

. UUJ
-.38s
- .21"7

.r31

.083

SCORES FOR

VARIABLE 1

-.101
VARÏABLE 2

.681
VARTABLE 3

.399
VAR]ABLE 4

.002
VARIABLE 5

2AR

VARÏABLE 6

- .1_20
VAR]ABLE 1

-.25r
VARTABLE 8

.003
VAR]ABLE 9

-.212
VARÏABLE 1O

-.027
VAR]ABLE 11

.031
VARÏABLE 72

-.009
VARIABLE 13

.005
VARÏABLE I4

-. 415

VAR]ABLES

-.073

.068

.041

.048

-.007

- .3'7 0

-.365

-.004

-.299

- .472

-.008

-. 003

-.006

.615

. s82

-.782

.203

-.042

. 195

.013

- .564

.011

.137

.444

.022

0.000

- .026

.108

t3l
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Appendix 9b - Principle component analysis biplot of the fungal assemblages for the Cladonia mitis
September data collection from southern Manitoba. Fungal species variables are represented by the circles
along the axes, while samples are represented by squares.
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Appendix 9c

Multiple Discriminate Analysis Of Fungal Assemblage
Frequency Data F or The Clødonia mitis September

Data Set, Groups Separated By Canopy & Base
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CANON]CAL VARTATES ANALYS]S (MULT]GROUP DISCRIM]NANT
ANALYSTS )

september coffection of cladonia nitis - canopy vs. base, southern
Manitoba

NUMBER OF VARTABLES : 3
NUMBER OF GROUPS : 2
NUMBER OF OBSERVATIONS : 59
LABELS FOR VARIABLES : NOT USED
LABELS FOR OBJERCTS : NOT USED
SCORES ARE : SPHERTZED

UN]VARIATE F RÄTIOS !ùTTH 1 AND 57 D.F.

VARTABLE AMONG GROUP SSQ W]THTN GROUP SSQ F RATIO

1" 8.26 .I2 66.334
2 .54 .19 2.881
3 .07 .08 .814

EÏGENVALUES

0.1507158D+01

CAN. VAR. EIGENVALUE E.V. AS å CAN. CORR,

1 1.51 100.00 .775

CHT-SQUARE TESTS WITH SUCCESSTVE VARTATES REMOVED

CAN. VAR. CHISQ DEGREES OF V\jtLKS
REMOVED FREEDOM LAMBDA

uP TO 0 51.01 3 .3989

DÏSCRTM]NANT WETGHTS (CANONICAL VARIATES)

C.V. 1 0.2884645E+01 0.701"16288+01-0.8963438E+00

CORRELATTON MATRIX FOR THE TOTAL SAMPLE

1 1.000 0.000 0.000
2 0.000 1.000 0.000
3 0.000 0.000 1.000

CORRELATTONS OF VARIABLES W]TH CANONICAI VARIATES

vAR. 1 -946
vAR. 2 .283
vAR. 3 -.159

COMMUNALITTES OF VARIABLES FOR 1 CANONTCAL VARTATES
1 .895 2 .080 3 .02s
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PERCENTAGE OF TR{R}
1 33.334

CENTROID FOR GROUP
1 -1.186

ACCOUNTED FOR BY EACH EIGENVALUE

1 ]N 1 DIMENSTONAL CANONICAL SPACE

RA,DÏUS OF 953 CONFIDENCE

CENTROTD FOR GROUP 2
7 I.221

RADIUS OF 95? CONFTDENCE

CIRCT,E AROUND CENTRO]D : .441

IN 1 DIMENSIONAL CANONTCAL SPACE

C]RCLE AROUND CENTROID : .454

THE 95% TSODENSITY CTRCLE
HAS A RADIUS OE 2.45

AROUND EACH CENTROTD

SPHERTZED SCORES OF OBJECTS ON CANONICAL VARIATES

GROUP
1

2

3
4

5

6

1

I
9

10
11
72
13
74
15
L6
t7
18
79
20
21
22
t?

24
25
ZO

zt
28
29
30

GROUP

-.109
-.'72r
-.969

-I.255
-t .251"
-.829
-.842

-2.328
-1.755
-2.135
-. 685
- .847

-1 . 153
-1.387
-2.234
-1.537

.184

.245
-r .182
-7 -201,
-.408
-.399

-L .942
-I.233
-¿ .59 I

-7 .029
-.884

-7 .646
-.836

-1 Á)O
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31
5Z
33
34
35
36
31
38
39
40
4I
42
43
44
45
46
47
48
AO

50
51
52
53
54
55
56
51
58
59

2 .432
2 .515
1.903
-.884
7 .994
2.296
7 .951
1.304
1.898

-2 - 649
7.861
2.r10
-.884

.403
1.157

.113
1.818
2.221
1.780
1.758
2 .245
7 .284
I.442

.043

. 101

.1 65
-.005
2 .705
1.835
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Appendix 10a

Fungal Assemblage Frequency Data For Clødoniu
røngíferinø From The September Data Set
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Appendix lOa

Appendix 10a - Fungal assemblage frequency datafor Cladonia rangiferina fromthe
September_collection in southern Manitoba (Cont. on next pg.).

Sample Legend:
_: 1 (lichen plot), m (mixed moss-lichen plot)
_: # þlot number)

_ : r ang(C I adoni a rangiferin ø)

_: b(base), t(canopy)

_: #(sample #)

le

$$-5-ø.ñ.Sto S St Hîs $ËS ìË- $\.\f S* iÈùÈ:rFn^ìÈSFS$Ri SÈ s s T \ ì _ èè Sc\ 3

ËsËèèÈ Ès Ë ÈË ìÈÈ s$È\ ì <'ù ù ri,sS S S S S ü ñ Ë Ë S
I 2 3 4 5 6 7 8 9 l0 ll t2 13 t4 15 t6 t7

Fungus (Frequency values out of20)

llranstl 0 t0 0 5 0 0 4 0 0 0 0 0 0 0 0 0 J
llranøt2 0 7 0 6 0 0 4 0 0 0 0 0 I 0 0 0 0
llranet3 0 7 0 0 I 0 J 0 0 0 0 0 0 0 0 0 0
l2ranstT 0 6 0 0 5 0 4 0 0 I 0 0 0 0 0 0 0
l2raîet2 I 8 0 6 0 0 I 0 0 0 0 0 0 0 I 0 0
l2rangt3 0 2 0 2 0 0 3 0 5 0 0 2 0 0 0 0 0
15ranstl 0 7 0 2 I 0 J 0 0 0 0 0 0 0 0 0 0
15ranpt2 0 8 0 I 0 0 0 0 0 I 0 0 0 0 0 0 0
15ranst3 0 4 0 2 1 0 0 0 2 0 I 0 I 0 0 0 0
lTranetT 0 4 0 4 0 0 2 0 0 0 0 0 0 0 0 0 J
ITranet2 0 8 0 2 0 0 2 I 0 0 0 0 0 0 0 0 0
ITrangt3 0 8 0 2 0 0 J 2 2 0 0 0 0 0 0 0 I
9ranetl 0 6 0 J 0 0 0 0 0 0 0 0 2 0 0 0 I
19raîet2 0 5 0 5 0 0 2 0 0 0 0 0 0 2 0 0 0
9ranet3 0 3 0 4 0 0 2 I 0 0 0 0 2 2 0 0 0
m2ranetl 0 6 0 0 0 0 0 2 2 0 0 I 0 0 0 0 J
m2raîef2 0 8 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0
m2ranst3 0 8 0 4 0 0 I 0 0 0 0 0 0 0 0 0 0
m4ranetl 0 2 0 2 0 0 0 0 2 0 0 2 I 0 0 0 6
m4ranst2 0 8 0 2 0 0 I 0 1 0 0 0 0 0 0 0 0
m4rang..t3 0 5 0 2 0 0 0 0 0 0 0 I 4 0 I 0
m6ranstl 0 5 0 5 0 0 2 0 0 0 0 2 0 0 0 0
m6raîet2 0 8 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
m6rangt3 0 2 0 I 0 0 0 0 0 0 0 0 I 0 0 0 0
mTranetl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 t0
mTranst2 0 5 I I 0 0 0 2 0 0 0 0 J 0 0 0 2
mTraîst3 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 8
mSranetl 0 J 0 J 0 0 0 0 I 0 0 0 3 I 0 0 0
m8ranst2 0 4 0 J 0 0 I 0 0 0 0 0 2 0 0 0 6
mSrangt3 0 6 0 I 0 0 J 0 0 0 0 0 0 0 0 0 0
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Appendix 10a (Cont.) - Fungal assemblage frequency data for Cladonia rangíferina
from the September collection in southern Manitoba.

Sample Legend:
_: I (lichen plot), m (mixed moss-lichen plot)
_: # þlot number)

_ : r ang(C I a d o ni a r an g ife r i n a)

_: b(base), t(canopy)

_: #(sample #)

le

$$*
9*"r-l.Sù s sës _$äl €F* È ê\ì ìX ? x.sS++rsÈÄËÈS*i *ì S S T i I è:: Èr sB.i3'È'IS S*ì\b¡ì S S g: 

Rss'È$åSåÈË3ËË5¡SSS
-3È*SS\\\UU
I 2 3 4 5 6 7 8 9 l0 lt t2 13 t4 ls t6 t7

Fungus (Frequency values out of20)

llranebl 0 J 0 0 0 0 0 5 0 0 0 4 -t 0 0 0 0
llraneb2 0 0 0 0 o 0 I 5 0 0 0 0 2 0 0 0 I
llransb3 I 0 0 0 2 0 2 0 0 0 2 0 0 0 2

2ranebl 0 0 0 0 0 0 0 0 2 0 0 9 0 0 0 0
l2rarqb2 0 0 0 0 0 0 I 0 0 0 4 0 0 0 0 2
l2raneb3 I 0 0 0 0 0 0 0 2 0 0 J 0 0 I 0 2
l5ranebl 0 0 0 0 0 0 0 0 9 0 0 J 0 0 0 0 0
ßraneb2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 I
l5ransb3 0 0 0 0 0 0 0 0 6 0 0 5 0 0 0 0 0
lTransbl 1 I 0 0 0 0 0 0 5 0 0 I 0 0 0 0 J

lTrarpb2 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 9
17r^n*b3 0 2 0 0 0 0 0 0 4 0 0 2 4 0 0 0 4
l9ranebl 5 0 0 0 0 0 0 7 0 0 0 0 7 0 0 0 0
lFrangb2 J 2 0 I 0 0 0 4 0 0 0 I 6 6 0 0 0
9rangb3 2 3 0 0 0 0 0 7 2 0 0 0 6 0 0 0 4
m2ranebl I 0 0 0 0 0 0 5 0 0 0 0 0 0 0 5

m2raneb2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 9
m2raneb3 0 0 0 0 0 0 0 2 2 0 0 2 0 0 0 0 2
m4ransbl 0 0 0 0 0 0 0 0 I 0 0 J 0 0 0 0 2
m4ransb2 J 0 0 0 0 0 0 0 5 0 0 J 0 0 0 0 5
m4rangb3 0 0 0 0 0 0 0 J 2 0 0 J I 0 I 0 6
m6ransbl 0 J 0 0 0 0 I 4 0 0 0 I J I 0 0 0
m6raneb2 2 I 0 2 0 0 0 5 0 0 0 t 1 I 0 0 0
n6rangb3 0 0 0 0 0 0 0 J J 0 0 0 0 0 0 0 I
mTransbl 0 0 I 0 0 0 0 0 0 0 0 0 2 0 0 0 9
miransb2 6 I 0 0 0 0 0 0 I 0 0 2 7 J 0 0 J

mTransb3 I 0 0 0 0 0 0 4 0 0 0 0 6 0 0 0 7
mSransbl 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0
mSraneb2 0 2 0 0 0 0 0 0 I 0 0 J 0 0 0 0 5
m8ransb3 0 7 0 4 0 0 0 0 I 0 0 4 0 0 0 0
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Appendix 10b

Principal Component Analysis Summary Of Fungal
l Assemblage Frequency Data For Cludoniu rungiferinu
, From the September Data Set
l
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PRINCIPAL COMPONENTS ANALYSTS

september collection of cl-adonia rangiferina, southern Manitoba

]NPUT AND RUN PARAMETERS

NUMBER OF ROWS :
NUMBER OF COLS
TYPE OF ANALYSIS :
NO. OF COMPONENTS RETAINED :
LABELS FOR OBJECTS :
LABELS FOR VAR]ABLES :
CORRESP. ANALYSIS :
MATR]X :
PRINÎOUT :
VAR. SCORE OPT]ON :
OBJ. SCORE :

VAR]ABLES STATTST]CS

POOLED VAR]ANCE :

Appendix 10b

60
I1

PCA FROM COVARTANCES
3

NOT USED
NOT USED

NOT APPL]CABLE
NOT SAVED
SHORT
E]GENVECTORS AS COORDINATES OF VAR.
NORMALTZED TO LAMBDA

VAR]ABLE

1

2

3
4

5

6

1

I
9

10
11
I2
13
I4
15
I6
I'7

NUMBER OF

STANDARD DEVIATTON

9002

VARÏANCE
AS3

4.813
76.427

. 330
11.199
1.563

.421
6. 618
9.536
9. 935

. 330

. 168
8.148

10.378
3. 905

.486

. 168
15.579

MEAN

.0981

.4716

.0100

.2630

.0280

.0080

.1600
_ 1939
.2319
.0100
.0050
.2037
.2382
.01 11
.0151
.0050

122a

.2082

.3845

.0545

.3175

.1186

.0616

.244r

.2930

.2990

.0545

.0389

.2-r 08

.JU5/

.1875

.0662

.0389

.31 45

VARÏANCE

.0433

. r4'7 8

. 0030

.1008

.0141

.0038

.0596

.08s8

.0894

.0030

.0015

.0733

.0934

.0352

.0044

.001s

. L402

POSITTVE ETGENVALUES : 71

0.90016690E+00SUM OF POSIT]VE E]GENVALUES :

EÏGENVALUES
0.33528+00 0.1588E+00
0.3614E-01 0. 34978-0L
0.934I8-02 0-3813E-02
0.1068E-02 0.70s5E-03

0.1218E+00 0. 64308-01 0.41 41E-01
0.31998-01 0.21r48-0r 0.1954E-01
0.3558E-02 0.2s05E'-02 0.79438-02
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E]GENVALUES AS PERCENT
31 .24 I'7.64
4.01 3.89
L -04 .42
.L2 .08

CUMULAT]VE PERCENTAGE
31 .24 54.88
84.83 88.71
98 .49 98 . 91
99.92 100.00

13.53
3.55

.40

OF E]GENVALUES
68.40
92.2'I
99.31

1 .14
3.01

.28

5 .27
2.r1

.22

SQUARE ROOTS
.51 8966
.190103
.096651
.03261 4

OF E]GENVALUES
.398457
.I8'7 0r2
.061751
.026562

.348956

.7'7 88 61

.059649

75.55
95.28
99 -59

.2s3581

. 1641 31

. 05004 6

80.81
91 .45
99.80

.2r1 1 3I

.139781

.044081

COMPONENT SCORES

1

2
3
4

5

6

1

I
9

10
11
L2
13
74
15
76
L7
18
I9
20
2I
22
23
24
25
26
2'7

zo
29
30
31
32
33
34

-.r22
-.350
-.400
-.501
-.593
-. 653
-.560
_ Á14

-.559
-. 531
- .60'7
-.499
- .463
-.021,
- a'7)

- .'7 64

-.186
- .662
-.565
-.819
- QOO

.080
- .02L
-. 801
- .596
-. s59
-.734
-.430
-.400

.508

.1 90

.959
trotr

. JOJ

.609

.416

.515

.3'7 6
- .632
-.r01
- .439
-.788
- .439
- 114

-.44r
.095

-.061
.993
.893
a))

-.202
. r42

-.221
- .424
-.480

. 033

. 513

.4'7 6
-.019

.257

.485

.873
-. 608
-.351

.704
- .0'7 4

î2A
-.181_.2II

-.556
-.057

.011
- .649
-. 100
-.109
- .523
-.065
-.561

.011

.64r

.022
-.593
-.783
-.013

.248

.7 77
-.079
- .0L2
-.136

.066
- .434
- .525

.430

.594
--361

aAo

-.359

-.301
.585
.040
.0'7 9
.089
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35
36
31
38
39
40
4T
42
Âa

44
45
46
41
48
49
50
51
52
53
54
55
56

58
59
60

SCORES

- .012
-.660
-.173_.II4
- .1,64
-.083
-.001
-.086

.275
-.088

.346
-. 104
_ 141

-. 136
-.r81
-.268

.0'7 6

.055
-.115

.035
-.049

trtr4

.316

. 151

.258
-.I10

. 014
-.307

. o92

.051
-. 156

.524

. o32

.L41

.153
-.0s0
- tao
.I19
. 053
.017
.282
.004

-.351
-.155

.043
-.087

.123

.175

.499
- .212

.585

.078

otr?
. OJ I

.209

.802

.866

.353

.482
a)a.IJZ

.488

.414

.599
-.163

.513

.831
-.252

.649

.468

.106

.143

.251
_ tr?tr

.JIJ

T ?tr. f,JJ

- .592
.369

aEa
. ¿JL

. 612

FOR VARIABLES

VAR]ABLE 1

-.r22
VAR]ABLE 2

. 603
VARTABLE 3

- nn"
VARIABLE 4

.454
VARÏABLE 5

.050
VAR]ABLE 6

-.010
VARIABLE '7

.297
VARTABLE 8

-.764
VARTABLE 9

-.270
VARIABLE 1O

.uzz
VARIABLE 11

.005
VARIABLE 12

-.232
VARÏABLE 13

- .0'7 6
VARIABLE I4

.032

- .203

.109

.032

.026

. 010

.001

.09s

-.769

-.206

.006

-.007

-.395

-.225

-.254

149

.2r8

.067

.026

.016

-. 034

.019

-.068

.498

_ Aao

-.010

-. 005

- .282

.624

. r41
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VARIABLE 15
-. 010 -. 015 -. 001

VARIABLE 76
. 007 .002 -. 015

VAR]ABLE 1,1

-.408 .136 .'t'11

150



Appendix 10b

13
I

1J
I

16
I

5:l
I

'iJrJ I

2i!1
I

?
J
T

5Ç-; 435Rr-i .3t
54 '.t'

fal
tÈ

\D
11 -I

Jitr
-ll¡ r
I

?1r?4
T

?o

I
¡to
¿Õ

|,

6. T.08.

l6
I

20
t

l8
I

4
I

gTf¡o

-t01
Axis I

Appendix 10b - Principle component analysis biplot of the fungal assemblages for the
Cladonia rangiferína September data collection from southern Manitoba. Fungal species
variables are represented by the circles along the axes, while samples are representèd by
squares.
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Appendix 10c

Multiple Discriminate Analysis of Fungal Assemblage
Frequency Data F or The Cludoniø røngiferinu

September Data Set, Groups Separated By Canopy &
Base
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CANON]CAL VARTATES ANALYS]S (MULTTGROUP DISCRTM]NANT
ANALYS]S )

september col-lection of cfadonia rangiferina - canopy vs. Base,
southern
Manitoba

NUMBER OF VARTABLES : 3
NUMBER OF GROUPS : 2
NUMBER OF OBSERVATTONS : 60
LABELS FOR VARIABLES : NOT USED
LABELS FOR OBJERCTS : NOT USED
SCORES ARE : SPHERIZED

UN]VARIATE F RATTOS W]TH 1 AND 58 D.F.

VAR]ABLE AMONG GROUP SSQ W]THIN GROUP SSQ F RAT]O

r 12.40 .13 91 .522
2 .01 .16 .413
J .56 .11 4.873

EÏGENVALUES

0 .24617 81D+01

CAN. VAR. ETGENVAT,UE E.V. AS % CAN. CORR.

2.4''t 100.00 .84 4

CHI-SQUARE TESTS I/{ITH SUCCESS]VE VARTATES REMOVED

CAN. VAR. CH]SQ DEGREES oF I^]ILKS
REMOVED FREEDOM LAMBDA

UPTO O 10 .26 3 .2BB 4

DïSCRIMINANT I/\iEIGHTS (CANONICAL VARIATES)

c.v. 1 0.29935288+01-0.461"8467E+00 0.7746114E+01

CORRELAT]ON MATRTX FOR THE TOTAL SAMPLE

1 1.000 0.000 0.000
2 0.000 1.000 0.000
3 0.000 0.000 1.000

CORRELAT]ONS OF VAR]ABLES !ÙTTH CANONTCAL VARIATES

vAR. 1 .939
VAR. 2 _.IOO
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\/^Þ ? .330

COMMUNALTT]ES OF VARIABLES FOR 1 CANONTCAL VARIATES
1 .881 2 .070 3 .109

PERCENTAGE OF TR{Ri ACCOUNTED FOR BY EACH EIGENVALUE
1 33.334

CENTROID FOR GROUP 1 ]N 1 D]MENSIONAL CANONICAL SPACE
1 -1.545

RADIUS OF 95? CONFIDENCE CIRCLE AROUND CENTROID : .44i

CENTRO]D FOR GROUP 2
1 1.545

RADIUS OF 95% CONFTDENCE

IN 1 DTMENSTONAL CANONICAL SPACE

CIRCLE AROUND CENTROID : .441

THE 953 ]SODENSITY
HAS A RADIUS OE 2.4

CÏRCLE AROUND
5

EACH CENTRO]D

SPHERIZED

GROUP
1

2
3
4

5
6
1

I
9

10
11
l-¿

13
74
15
L6
I1
18
79
20
27
22

24
25
26
)'1

28
)a

SCORES OF OBJECTS ON

1

-1.530
-1.385
-t_.354
-2.34r
-1.900
-r .943
-2.225
-I.322
-2 .295
-7.250
-.'7 44

-L .429
-2 .81 8
-1.843
-1 . 814
-7.'7 60

. 630
-2 .0l.6
-1.517
-2.461
-2 . s58
-.755

-I.200
-r.63'7
-.864

-2 .526
-2 -169
-r.632
-.560

CANONICAL VARTATES
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30
GROUP

31
32
33
34
35
36
3'l
38
39
40
4T
42
43
44
45
46
41
48
AO

50
51
52
53
54
55
56
51
troJO

59
60

.948

3 .4r9
2 .929
1 0? ?

2.076
2-623

?oE

2.640
2.734

.862
2 .398
2 .246
1, .7 51
1.588
2.429
r.232
-.126
1 .691
2.614
-.716
2 .012

.154
1.816
2.353

.585
-.435

.455
-7 .01 6

.561
1.656
2.225
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Appendix lla
soil Fungal Assemblage Frequency DataFor samples

Collected Beneath Mats Of Cludoniu mitis & C. 
Irøngiferinu 
:
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AppendÍx lla - Fungal assemblage frequency data for soil samples collected beneath
mats of Cladonia rangiferina and C. mitís in southern Manitoba.

Fungus (out of20)

Sample Legend:
_: I (lichen plot), m (mixed moss-lichen plot)
_: # (plot number)

_: rang(Cladonia rangiferina), mit (Cladonia mitis)
_: #(sample #)

le

8^Bl'3.sÈèad-."\ s sÈ ü
HÈ È ì Ë Ë.: ñ . iS\ SÈ.ËStË .Ë.u+rã4
Þ€.Sis!_$ss)ì'âRr\lsËÈSÈ
È È à.Ë i i Ë * È È-å.sùìir.xR.S.S.ñ-*oiìrsÈÈÀñsËs
t 2 3 4 5 6 7 8 9 10 lt

m4mitl 0 0 0 0 2 0 0 0 0 I 0
rr4mi12 0 0 0 0 J 0 0 0 0 0 0
n4mit3 0 0 0 0 0 -t 0 0 4 0 0
n4mit4 0 0 0 0 J 0 0 0 0 0 0
n4mit5 0 0 0 t 0 0 0 0 0 0 0
n6mitl 0 0 0 0 0 0 0 0 0 2 0
n6mitú 0 2 0 4 0 J 0 0 0 0
n6mit3 0 0 0 0 0 J 0 0 0 3 0
m6mit4 0 0 I J 0 0 0 0 0 J 0
m6mit5 0 0 0 0 3 0 0 0 0 4 0
nTrans.l 0 0 0 0 0 0 0 0 0 5 0
rflrane2 0 0 0 0 0 5 0 0 0 0 0
rt'lrans4 4 0 0 0 0 0 0 0 0 4 0
2mitl 0 0 I 0 0 0 0 0 0 0 0
l2mirz 0 0 0 0 0 0 0 0 0 J 0
lzrrur3 0 0 0 0 J 0 0 0 I 0
lzmir4 0 0 0 0 J 0 0 0 0 5 0
l2rnrt5 0 0 0 2 0 5 0 0 4 2 0
15ransl 0 0 0 0 0 I 0 0 5 J 0
l5rarq2 0 0 0 0 5 0 0 0 0 0 0
L5rang3 0 0 0 0 4 0 0 0 0 I 0
.5rang4 0 2 0 0 3 0 0 0 0 0 0
5rans5 0 0 0 0 0 5 0 0 I 0 0
9ransl 2 0 0 0 0 0 0 0 0 0 0
19rans-2 0 0 0 0 0 0 0 0 0 2 0
l9rane3 0 0 I I 0 0 0 2 0 0 0
l9rane4 0 0 0 0 I 0 0 0 0 0 J

l9rane5 2 0 0 0 5 I 0 0 0 0 0
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Appendix lLa

Molecular Data For Clødonia arbusculu
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lo llection

No.
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Primers l4l0 &.1597

Primers 1566 & 1150
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Appendix 12a

Appendix l2a - Molecular data for samples of C. arbuscula from northern Manitoba
(cont. on next pg.).

Nl : Hookpoint
N2:Middle3Islands
N3 : Three Island Bay
N4 : My Island South

N5 : Long Island North
N6: Long Island South

N7 : Red Rock Big Zen Island

N8 : East Red Rock Creek

N9 : My Island North
NlO : Mistik Channel West Island
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Appendix 12a (cont.) - Molecular data for samples of C. arbuscula fromnorthern
Manitoba.

Nl : Hook point

N2:Middle3Islands
N3 : Three Island Bay

N4 : My Island South

N5 : Long Island North
N6: Long Island South

N7 : Red Rock Big Zen Island

N8 : East Red Rock Creek

N9 : My Island North
N10: Mistik Charmel West Island

lol lection

No.

Presence/absence of intron

Primers l4l0 & l59l
Primers 1566 &,1750

I I 2 I 3 I 4 ls I 6 I 7 I 8 I e l1olttll2lt3
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Appendix l3a

Fungal Assemblage Frequency Data For The August
Data Set
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Appendix 13a

Appendix 13a (cont.) - Fungal assemblage frequency data for lichen taxa from the
August collections in northern Manitoba.

Sample Legend:

_: # (transect number)

-: evemia (Evernia mesomorpha), arbuscula (Cladonia arbuscula),peltigera (Peltigera spp.), rangiferina
(C lødonia rangíferina)

_ = #(sample #)

Fungus (Frequency out of20)

$

Rs.S È 3

FpüÊ ÈÈS,"s ì\ËsË ìÈ$ìÈRËËËSËì ä;ËÈS{
Ë sèåÈ $È È Ë i È Ë åÈ ÈÈ sË* * * *{ { t S.ì,*È È È S S S Ë ñ ñ A Èàr å ü å1 2 3 4 s 6 7 I 9 l0 1l l2 13 14 15 t6 t7 l8 tg 20 2t 22

lOevernial 0 t2 7 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0
levemia 0 l9 4 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0
2evernia 0 6 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6evernia 0 l3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
)evernia 0 20 9 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0
lOarbuscula5 ) l6 0 0 0 6 0 0 7 0 0 0 0 ll 0 0 0 0 0 0 0
Zarbuscula5 0 t2 0 0 7 0 I 0 0 0 0 0 0 0 20 5 0 0 0 0 0 0
!arbuscula5 0 l9 I 0 0 0 0 0 0 0 0 0 0 t9 0 0 0 0 0 0
Tarbuscula5 0 0 5 0 0 0 7 0 0 I 0 0 0 0 t3 0 0 0 0 I 0 0
9arbuscula5 0 t6 0 0 t2 0 ) 0 0 4 0 0 0 4 0 0 0 0 0 0
I Opeltiseral 0 3 0 0 0 0 2 0 0 20 ) 0 6 0 0 0 0 0 0 0
I lpeltieeral 0 6 t2 0 0 0 0 5 I 0 0 9 0 0 2 0 0 0 0
loeltiseral 0 6 I 0 0 0 0 0 0 t4 0 0 0 0 0 I 0 0 0 0 0
Joeltiseral 0 13 2 0 0 0 2 0 0 I 0 0 0 0 9 0 0 0 0 0 0 0
)oeltiseral 0 5 3 2 0 0 J 0 0 20 I 0 0 0 0 0 0 0 0 0
Zransiferina5 0 6 0 0 0 0 0 0 0 2 0 0 0 0 6 I 0 0 0 0 0 0
5ransiferina5 0 l4 0 0 0 0 0 0 0 0 0 0 0 0 9 4 0 0 0 0 0 0
Transiferina5 0 0 7 0 0 0 t2 0 0 0 0 0 0 0 8 0 0 0 0 0 0
9runsifen¡a7 0 t2 0 0 7 0 2 0 0 1 0 0 0 0 4 0 0 0 5 0 0 0
l0raneiferinaS 0 6 0 0 n 0 0 0 0 2 0 0 2 0 l3 0 0 0 7 0 0 0

t63
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Appendix 13b

Principal Component Analysis Summary Of The
Fungal Assemblage Frequency Data F or The August

Data Set
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PRÏNC]PAL COMPONENTS ANALYSIS

August collection, northern Manitoba

]NPUT AND RUN PARÀMETERS

NUMBER OF ROWS :
NUMBER OF COLS
TYPE OF ANALYSIS :
NO. OF COMPONENTS RETAINED :
LABELS FOR OBJECTS :
LABELS FOR VAR]ABLES :
CORRESP. ANALYSTS :
MATRÏX :
PRINTOUT :
VAR. SCORE OPTTON :
OBJ. SCORE :

VARIABLES STATTST]CS

POOLED VARIANCE :

VAR]ABLE

1

2
3
4

5
6
'l
I
9

10
11
1,2

13
I4
15
t6
L1
aÕ

19
20
2I
Z¿

NUMBER OF

Appendix 13b

40
22

PCA FROM COVAR]ANCES
aJ

NOT USED
NOT USED

NOT APPLTCABLE
NOT SAVED
SHORT
E]GENVECTORS AS COORDINATES OF VAR.
NORMAL]ZED TO LAI{BDA

157.8007

MEAN

.7250
9. 0750

.1000
2 .3250
1.1750

.0250
2 .21 50

.1000

.1000
3 .6250

.0750

.2500

.5250
8.0250

.6750

.0250

.0500

.0750

.0250

.0s00
- 9500
.0250

VAR]ANCE

.1635
40.8404

.7436
11.0968
1.3188

- 0250
76 .5722

.2462

. L436
26.5994

.01 12

.2436
9 .0250

32.r188
2.22s0

- 0250
.1000
.01 L2
.0250
.1000

10.561s
.0250

VARTANCE
AS%

.r04
25.881

.091
7.032
4.616

.016
L0 .464

.156

.091
16.856

.045

.15 4

5.'71-9
20.392

1.410
.016
.063
.045
.016
.063

6.693
.016

STANDARD DEV]ATION

.4043
6.3906

.37 89
3.3312
2.'7L64

.1581
4.0635

.4961"
??QO

5.1s75
.266'l
.4935

3 .0042
5 .61 26
7.4916

.1581
-3762
.2661
.1581
.3162

a a A oo

.1581

POSÏTIVE E]GENVALUES = a1

0. 157800628+03SUM OF POSTTIVE E]GENVALUES :
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EÏGENVALUES
0.50688+02 0.3898E+02
0.80348+01 0.5847E+01
0.19488+00 0.1483E+00
0.4906E-01 0.2081E'-07
0 -28868-02

0.22448+02 0.I3128+02 0.71428+02
0.4316E+01 0.1355E+01 0.32298+00
0.9947E-01 0.'78168-07 0.65738-01
0. 17s48-01 0. 89368-02 0.4I3-tE-02

EÏGENVALUES
32.72
5.09

12

.03
0.00

CUMULATIVE
32.L2
92 .06
99 .69
99 .91

100.00

AS PERCENT
24 .10

3.'71
.09
.01

L4.22
2.13

.06

.01

E]GENVALUES
1L.04
98.50
99.84
qq qq

. 31538 6

. r32429

8.69
.86
.05
.0l_

19 .13
99.36
99.89

100.00

1 .23
.20
îA

0.00

86 .91
99 .56
99. 93

100.00

SQUARE ROOTS
1.1]-9194
2 .834511

.441,3't 4

.227504

.0537 25

PERCENTAGE
s6.82
95.7 6
99.18
99. 98

.38s054

.1444"7 0

OF

OF EIGENVALUES
6.243209 4.'736922
2 . 471 995 2 . 017 383

3.104099 3.378713
I.164253 .5682s9
.280649 .2s6319
.094s29 .064320

COMPONENT SCORES

1

2
3

4

5

6

7

I
9

10
11
L2
13
I4
15
I6
1,1

18
19
20
27
LL

23
24
z3
¿o

3.22r
9. 965

-r.192
4.794
9.l.69
4.305
6.246

11.031
-8 . 553

1 .3'7 6
-10.605
-4.8\9
-5 . 907
4.363

-9. 885
- 

--i ??ô

6. 600
-10.331

4.155
-7 . L31

8 .31'7
5.353

-10.306
.'739

8.069
-5 . 00s

-6.093
-3.2'78
-6.050
-6. 900
-8 .197

r .964
1-7 - 3t 1.

8 .332
? EOtr
I . JAJ

-3. 604
-1 .236
-2 .299

-11.059
7 .256

-11.591
-1.309

7 .7'71
5.391

-2.506
4 .081
8 .646
2 .0L0

70.892
5.593
2.619

-4.490

-s.518
-2 .01 5
-6 .'7 98

-5.415
-2.918

5.681
3.807
4 .'7 98

_a tr?1
L.JI!

1.187
12 .01 6

2.300
5.291
-.718
9 .936

-1. 955
-.516

-6.026
-3. 4 98
-r.7I2
3.206
3.645

-2.340
4.708
2.r18

-10. 933
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21 r .544 -2 .631 -2 . 406
28 -9 .51 4 -I.447 -3 .266
29 -11 . 280 -4 .686 3. 651
30 -1.118 -s.173 3.973
31 2.843 -4.602 -1.388
32 6. 837 2.519 - .249
33 -4.331 -.661 6.455
34 -II.529 73.447 .209
35 s.857 6.003 2.002
36 8.738 -3.123 _.240
31 .170 -4.960 -5.144
38 4.568 .608 -.809
39 -8.7 40 8 -228 _2.4'72
40 -8 . 009 1 . 301 -6. 565

SCORES FOR VARIABLES

VAR]ABLE 1

-.o02 .072 .01,2
VAR]ABLE 2

.868 -.115 .200
VARÏABLE 3

-.005 -.02r .0I'7
VARIABLE 4

- .1"32 -.092 _.153
VAR]ABLE 5

.r21 .056 .063
VARTABLE 6

.002 -.004 -.006
VARIABLE 1

-.301 .355 -.012
VARÏABLE 8

-.072 -.005 .004
VARIABLE 9

-.022 -.008 .039
VARIABLE 1O

-.331 -.384 .87'7
VARTABLE 11

-.013 -.074 .028
VAR]ABLE 72

-.0I2 .002 .031
VARÏABLE 13

-.071 .01s -.742
VAR]ABLE I4

.068 .834 .394
VARIABLE 15

.043 .044 .077
VARIABLE T6

-.003 -.007 .006
VARIABLE I'7

-.005 -.003 .005
VARÏABLE 18

-.008 .006 -.011
VARIABLE 19

-.00s .007 -.003
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VARTABLE 20
.005 .001 -.002

VARIABLE 21-

-. 030 -. 0s7 - .212
VARÏABLE 22

-.002 -.002 .003

168



Appendix 13b

-10_J0Jl0t5
Axis I

Appendix 13b - Principle component analysis biplot of the fungal assemblages for the
Payuk lake august data collection. Fungal species variables are represented by the circles
along the axes, while samples are represented by squares.
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Appendix 13c

Multiple Discriminate Analysis Summary Of The
Fungal Assemblage F requency Data For The August

Data Set, Groups Separated By Lichen Taxa
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CANONICAL VAR]ATES ANALYSIS (MULT]GROUP DISCRIMTNANT
ANALYSIS )

August col-fections - by l_ichen taxa, northern Manitoba

NUMBER OF VARTABLES : 3
NUMBER OF GROUPS : 9
NUMBER OF OBSERVAT]ONS : 40
LABELS FOR VARIABLES : NOT USED
LABELS FOR OBJERCTS : NOT USED
SCORES ARE : SPHERTZED

UNÏVARTATE F RÄTIOS VüTTH 8 AND 31 D.F.

VARIABLE AMONG GROUP SSQ IIITHTN GROUP SSQ F RAT]O

1

2
?J

-t3 - 99
IL7.4'7

56.'7'7

44 .61
20 .21
13.58

1. 656
5.499
4.180

EIGENVALUES

0 -2332839D+01 0. 1141838D+Ol_ 0.2076750D+00

CAN. VAR. EIGENVALUE E.V. AS 3 CAN. CORR.

1

2
3

2.33 63.3s
l -I4 31.01
.27 5.64

.837

.730

.475

CH]-SQUARE TESTS WITH SUCCESSIVE VARIATES REMOVED

CAN. VAR. CHISQ DEGREES OF VüILKS
REMOVED FREEDOM LAMBDA

uP TO 0 71.09 24 .1160
uP TO 1 31.36 14 .3866
uP TO 2 6.23 .8280

DïSCRIMINANT VìiETGHTS (CANONTCAL VARIATES)

c.v. 1 0.1,270327E-01 0.209I944E+00 0.20423948+00
c.v. 2 0.10825968+00 0.95043158_01_0.18359878+00
c.v. 3 0.11080898+00-0.6063998E_01 0.9305308E_01

CORRELATION MATRTX FOR THE TOTAL SAMPLE

1 1.000 0.000 0 - 000
2 0.000 1.000 0.000
3 0.000 0.000 1.000

CORRELATIONS OF VARIABLES W]TH CANONTCAL VARTATES

vAR. 1 .053 .591 .805
vAR. 2 .802 .455 _.386
vAR. 3 .594 - -661 .450
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COMMUNAL]TTES OF VARTABLES FOR 3 CANONTCAL VAR]ATES

1 1.000 2 I.000 3 1.000

PERCENTAGE OF TR{R} ACCOUNTED FOR BY EACH E]GENVALUE

1 33.333 2 33.333 3 33.333

CENTRO]D FOR GROUP 1 ]N 3 DIMENSTONAL CANONTCAL SPACE

7 -2-115 2 .183 3 .501

RÃDIUS OF 95% CONFTDENCE CTRCLE AROUND CENTROID : 1.095

CENTROTD FOR GROUP 2 IN 3 D]MENSIONAL CANONTCAL SPACE

1 1. 650 2 .456 3 .381

RADÏUS OF 95å CONFIDENCE CTRCLE AROUND CENTRO]D : 1.095

CENTRO]D FOR GROUP 3 IN 3 D]MENSIONAL CANON]CAL SPACE

7 -.1.'79 2 -2.230 3 .318

RADIUS OF 953 CONFIDENCE CIRCLE AROUND CENTRoTD : 1.095

CENTRO]D FOR GROUP 4 TN 3 DIMENSIONAL CANONICAL SPACE

I -.2s't 2 .569 3 -.373

RADÏUS OF 953 CONFIDENCE CTRCLE AROUND CENTROID : 1.095

CENTROID FOR GROUP 5 IN 3 DTMENSTONAL CANONICAL SPACE

r I.'7 43 2 .4I3 3 .r22

RADIUS OF 95% CONFIDENCE CIRCLE AROUND CENTROÌD : 1.095

CENTROID FOR GROUP 6 IN 3 DIMENSIONAL CANONICAL SPACE

1 -1.199 2 -.517 3 -.507

RÃDIUS OF 95?; CONFIDENCE CIRCLE AROUND CENTROID : 1.095
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CENTROTD FOR GROUP 7 IN 3 D]MENSIONAL CANON]CAL SPACE

r -.326

RAD]US OF 95å

CENTROID FOR

1 1.859

RADÏUS OF 95?

2 .5'75 3 .523

CONFIDENCE CIRCLE AROUND CENTROTD : 1.731

GROUP 8 IN 3 DIMENSIONAL CANONICAI SPACE

2 -.296 3 -.480

CONFTDENCE C]RCLE AROUND CENTROID : I.4L3

CENTROID FOR GROUP 9 IN 3 DIMENSIONAL CANONICAL SPACE

1 -.568 2 .528 3 _.362

RADIUS OF 95? CONFIDENCE CIRCTE AROUND CENTROID : 1.095

THE 95% TSODENSTTY CTRCLE AROUND EACH CENTRO]D
HAS A RAD]US OF 2.45

SPHERTZED SCORES OF OBJECTS ON CANON]CAL VARIATES

GROUP

GROUP

1

2
3
4

5

6
7

8

9

10

11
T2
13
!4
15

76
l7
18
19
20

GROUP

GROUP

-2.363
-.989

-2.61 6

-2 .51,I
-2.336

r.623
3.232
2.856

.958
- .422

.824
-.069

-1.303
. 169

-.515

-.689
.208

-.228
-1.188

.614

10a

1.148
. 419
.803
.7 04

-.390
1 .058
1.105

.261

.238

-4.053
-1,.162
-2.663

.124
-3.996

.090

.932

.500
Rq¿

.469

.2L3
1.110
- .464

?7A

7.212

.887

.357
T.]-64

-I.641
I.146

.387
-.181

.509

.340

.532

- îtr1
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TLC Data From The July Collecfions
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Appendix l4a

Appendix l4a- TLC data for the lichen samples from the July collections (cont. on next

Collection # TLC# Lichen Compounds Present Identification
SILMISO3 JR2-4 Usnic acid Cladonia mitis
SILM2SO3 JR2-5 Usnic acid Cladoniamitis
SILM3SO3 JR2-6 Usnic acid Cladonia mitis
SILRISO3 JR2I Atranorin, Fumarprotocetraric acid Cladonia ransiferina
SlLR2SO3 TR22 Atranorin, Fumarprotocetraric acid Cladonía ransiferina
SILR3SO3 JR2-3 Atranorin. Fumamrotocetraric acid Cladonia ransiferina

S3MMISO3 JR4-6 Usnic acid Cladonia mitis
S3MM2SO3 JP.4-7 Usnic acid Cladonia mitis
S3MM3SO3 JR4-8 Usnic acid Clqdoniamitis
S3MRlSO3 JR4-3 Atranorin, FumarÞrotocetraric acid Cladonia ransiferina
S3MR2SO3 JR4-4 Atranorin, Fumarprotocetraric acid Cladonia ranøiferina
S3MR3S03 JR4-5 Atranorin, Fumarprotocetraric acid Cladonia ranøiferina
S4MM1SO3 JR3-13 Usnic acid Cladonia mitis
S4MM2SO3 JR3-14 Usnic acid Cladonia mitis
S4MM3SO3 JR3-15 Usnic acid Cladonia mitis
S4MRISO3 JR3-16 Atranorin, Fumarprotocetraric acid Cladonia ranpiferina
S4MR2SO3 JR3-17 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S4MR3S03 JR3-18 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
SsLMISO3 JR2-16 Usnic acid Cladonia mitis
S5LM2SO3 JR2-17 Usnic acid Clqdonia mitis
S5LM3SO3 JR2-18 Usnic acid Cladonia mitis
S5LRISO3 JR2-13 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S5LR2SO3 JR2-14 Atranorin, Fumarprotocetraric acid Cladonia ranøiferina
S5LR3SO3 JR2-15 Atranorin. Fumamrotocetraric acid Cladonía ransiferina

S5MMlSO3 JR3-1 Usnic acid Cladonia mitis
S5MM2SO3 JR3-2 Usnic acid Cladoniq mitis
S5MM3SO3 JR3-3 Usnic acid Cladonia mitis
S5MRlS03 JR3-4 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S5MR2S03 JR3-5 Atranorin. Fumamrotocetraric acid Cladonia ransiferina
S5MR3S03 JR3-6 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S6MMISO3 JR3-7 Usnic acid Cladonia mitis
s6MM2S03 JR3-8 Usnic acid, Fumarprotocetraric acid Cladonia arbuscula
S6MM3SO3 JR3-9 Usnic acid Cladonia mitis
S6MRISO3 JR3-10 Atranorin, Fumarorotocetraric acid Cladonia ransiferina
S6MR2S03 JR3-r r Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S6MR3SO3 JR3-12 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
STLMISO3 JR2-19 Usnic acid Cladonia mitis
S7LM2SO3 IR2-20 Usnic acid Cladonia mitis
S7LM3S03 IR2-2t Usnic acid Cladoniamitis
STLRIS03 IR2-22 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
S7LR2SO3 TR2-2 Atranorin, Fumamrotocetraric acid Cladoniø ranpiferina
S7LR3SO3 JR2-1 Atranorin, Fumarprotocetraric acid Cladonia ransiferina

STMMISO3 JR3-19 Usnic acid Cladonia mitis
S7MM2S03 JR3-20 Usnic acid Cladonia mitis
S7MM3SO3 JR3-21 Usnic acid Cladonia mitis
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Appendix 14a (Cont.) - TLC data for the lichen samples from the July collections
Collection # TLC# Lichen Compounds Present IdentifÌcation
STMRISO3 JR3-2 Usnic acid Cladonta mitis
S7MR2S03 JR4-I Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S7MR3SO3 TR4-2 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S8LM1SO3 JR4-9 Usnic acid Cladonia mitís
S8LM2SO3 JR4-10 Usnic acid Cladonia mitis
S8LM3SO3 JR4-11 Usnic acid Cladonia mitis
S8LRlSO3 IR4-t2 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
S8LR2S03 IR4-13 Atranorin, Fumarprotocetraric acid Cladonia ranpiferina
S8LR3S03 IR4-14 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S9LM1SO3 TP.2-7 Usnic acid Cladonta mitis
S9LM2SO3 JR2-8 Usnic acid Cladonia mitis
S9LM3S03 JR2-9 Usnic acid Cladonia mitis
S9LRIS03 JR2-10 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
S9LR2SO3 JR2-11 Atranorin, FumarÞrotocetraric acid Cladonia ransiferina
S9LR3SO3 IR2-12 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
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Appendix l4b

TLC Data From The September Collections
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Appendix 14b

Appendix l4b -TLC data for the lichen samples from the September collections (Cont.
on next

Collection # TLC# Lichen Compounds Present Identification
SILMlFO3 JR5-7 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
SILM2FO3 JR5-8 Usnic acid Cladonia mttis
SILM3FO3 JR5-9 Usnic acid Cladonia mitis
SlLRIFO3 JR5-4 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
SlLR2FO3 JR5-5 Atranorin. Fumamrotocetraric acid Cladonia ransiferina
SILR3FO3 JR5-6 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S2LMlFO3 JR6-12 Usnic acid Cladonia mitis
S2LM2FO3 JR6-13 Usnic acid Cladonia mitis
S2LM3FO3 JR6-14 Usnic acid Cladonia mitis
S2LRlFO3 JR6-15 Atranorin, FumarÞrotocetraric acid Cladoniq ranpiferina
S2LR2FO3 JR6-16 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S2LR3FO3 JR6-17 Atranorin. Fumarorotocetraric acid Cladonia ransiferina

S2MMIFO3 JR6-21 Usnic acid Cladonia mitis
s2MM2F03 rR6-22 Usnic acid, Fumamrotocetraric acid Cladonia qrbuscula
S2MM3FO3 JR7-I Usnic acid Cladonia mitis
S2MRlFO3 JR6-18 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S2MR2FO3 JR6-19 Atranorin, Fumarprotocetraric acid Cladonia rqnsiferina
S2MR3FO3 JR6-20 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
S4MMIFO3 JR4-20 Usnic acid Cladoníq mitis
S4MM2FO3 IR4-2t Usnic acid Cladonia mitis
S4MM3FO3 rR4-22 Usnic acid Cladonia mitis
S4MRIFO3 JR5-1 Atranorin. Fumamrotocetraric acid Cladonia ranøiferina
S4MR2FO3 JR5-2 Atranorin. Fumarprotocetraric acid Clqdonia ransiferina
S4MR3FO3 JR5.3 Atranorin, Fumamrotocetraric acid Cladonia ransiferina
S5LM1FO3 JR6-6 Usnic acid Cladonia mitis
S5LM2FO3 JR6-7 Usnic acid Cladonia mitis
S5LM3FO3 JR6-8 Usnic acid Cladonia mitis
S5LRIFO3 JR6-9 Atranorin. Fumamrotocetraric acid Cladonia ransiferina
S5LR2FO3 JR6-r0 Atranorin, Fumarprotocetraric acid Cladonia ranpiferinø
S5LR3FO3 JR6-l r Atranorin, Fumarprotocetraric acid Cladonia ranpiferina

S6MMIFO3 IR5-10 Usnic acid Clødonia mitis
S6MM2FO3 JR5-11 Usnic acid Cladonia mitis
S6MM3FO3 JR5-12 Usnic acid Cladonia mitis
s6MRlF03 JR5-13 Atranorin, Fumarprotocetraric acid Cladonia ransiferinø
S6MR2FO3 JR5-14 Atranorin, FumarÞrotocetraric acid Cladonia ranpiferina
S6MR3FO3 JR5-15 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
STLMIFO3 JR5-16 Usnic acid Cladonia mitis
S7LM2FO3 JR5-17 Usnic acid Cladonía mitis
S7LM3FO3 JR5-18 Usnic acid Cladoniq mitis
STLRIFO3 JR5-19 Atranorin, Fumarprotocetraric acid Cladoniø ranpiferina
S7LR2FO3 JR5-20 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S7LR3FO3 JR5-21 Atranorin. Fuma¡orotocetraric acid Cladonia ranøiferina

STMMIFO3 JR7-5 Usnic acid Cladonia mitis
S7MM2FO3 JR7-6 Usnic acid Cladonia mitis
S7MM3FO3 JR7-7 Usnic acid Cladoniamitis
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collections.ix 14b (cont. - TLC datafor the lichen samples from the
Collection # TLC# Lichen Compounds Present fdentifîcation
STMRIFO3 IR7-2 Usnic acid Clqdoníamitis
S7MR2FO3 JR7-3 Usnic acid Clødoniq mitis
S7MR3FO3 JR74 Usnic acid Cladonia mitis
S8MMlFO3 JR6-2 Usnic acid Cladonia mitis
S8MM2FO3 JR6-1 Usnic acid Cladonia mitis
S8MM3FO3 JR6-3 Usnic acid Cladonia mitis
SSMRIFO3 IRs-22 Usnic acid Cladonia mitis
S8MR2FO3 JR6-4 Atranorin, Fumarprotocetraric acid Cladonia rqnpiferina
S8MR3FO3 JR6-5 Atranorin, Fumarprotocetraric acid Clødoníø rqnpiferina
S9LMIFO3 JR7-8 Usnic acid Cladoniamitis
S9LM2FO3 JR7-9 Usnic acid Clqdoniø mitis
S9LM3FO3 JR7-10 Usnic acid Cladonia mitis
S9LRlFO3 JR7-r1 Atranorin, Fumarprotocetraric acid Cladonia rqnsiferina
S9LR2FO3 IR7-12 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
S9LR3FO3 JR7-13 Atanorin, Fumarprotocetraric acid Clødonia ranpiferina
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Appendix l4c

TLC Data From The August collections For The
Molecular Data Sets
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Appendix 14c

Appendix l4c-TLC data for the lichen samples from the August collections used for
the molecular data sets (Cont. on next

Collection # TLC# Lichen Comnounds Present Identification
JR8-7 NlOLMISO3 Usnic acid Cladonia arbuscula
JR8-8 NIOLM2SO3 Usnic acid Cladonia arbuscula

JR8-10 NIOLM4S03 Usnic acid Cladonia arbuscula
JR7-22 N10LM5S03 Usnic acid Cladonia arbusculq
JRl0-1 NILMISO3 Usnic acid Cladonia arbuscula
JRl0-2 NlLM2SO3 Usnic acid Cladonia arbuscula
JR10-3 NlLM3SO3 Usnic acid Cladonia arbuscula
JR10-4 NlLM4SO3 Usnic acid Cladonia arbuscula
JRl0-5 NILM5SO3 Usnic acid Cladonia arbuscula
JR9-9 N2LMISO3 Usnic acid Cladonia arbuscula

JR9-10 N2LM2SO3 Usnic acid Cladonia arbuscula
JRg-r 1 N2LM3SO3 Usnic acid Cladonia arbuscula
JR9-12 N2LM4S03 Usnic acid Cladonia arbuscula
rRt}-22 N2LM5SO3 Usnic acid, Fumarprotocetraric acid Cladonia arbuscula
JRg-18 N3LMISO3 Usnic acid Cladonia arbuscula
JRg-19 N3LM2S03 Usnic acid Cladonia arbusculø
JR9-20 N3LM3SO3 Usnic acid Cladonia arbuscula
JR9-21 N3LM4SO3 Usnic acid Cladonia qrbuscula
JF(9-22 N3LM5S03 Usnic acid Cladonia arbuscula
JRg-r3 N4LMISO3 Usnic acid Cladonia arbusculq
JRg-14 N4LM2SO3 Usnic acid Cladonia arbuscula
JR9-15 N4LM3SO3 Usnic acid Cladonia arbusculø
JR9-16 N4LM4S03 Usnic acid Cladonia arbuscula
JR9-17 N4LM5SO3 Usnic acid Cladonia qrbuscula
JR8-11 N5LMlSO3 Usnic acid Cladonia arbuscula
JR8-12 N5LM2S03 Usnic acid Cladonia arbuscula
JRt0-20 N5LM3SO3 Usnic acid Cladonia arbuscula
JR8-14 N5LM4SO3 Usnic acid Cladonia arbuscula
rR7-20 N5LM5S03 Usnic acid Cladonia arbuscula
JRl0-6 N6LMISO3 Usnic acid Cladonia arbuscula
JR10-7 N6LM2SO3 Usnic acid Cladonia arbuscula
JRl0-8 N6LM3SO3 Usnic acid Cladonia arbuscula
JRl0-9 N6LM4S03 Usnic acid Cladonia arbuscula

JRl0-10 N6LM5SO3 Usnic acid Cladonia arbuscula
JRl0-21 NTLMISO3 Usnic acid, unknown Cladonia arbuscula

JRg-6 N7LM2S03 Usnic acid Cladonia arbuscula
JR9-7 N7LM3SO3 Usnic acid Cladonia arbuscula
JR9-8 N7LM4S03 Usnic acid Cladonia arbuscula

JR7-19 N7LM5S03 Usnic acid Cladonia arbuscula
JRl0-l I N8LM1SO3 Usnic acid Cladonia arbuscula
JRl0-12 N8LM2SO3 Usnic acid Cladonia arbuscula
JRl0-13 N8LM3SO3 Usnic acid Cladonia arbuscula
JRl0-14 N8LM4SO3 Usnic acid Cladonia arbuscula
JRl0-15 N8LM5S03 Usnic acid Cladonia arbuscula

JR9-I NgLMISO3 Usnic acid Cladoniø arbuscula
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Appendix 14c (cont.) - TLC data for the lichen samples from the August collections
used for the molecular data sets.

Collection # TLC# Lichen Compounds Present Identification
JR9-2 N9LM2S03 Usnic acid Cladonia arbuscula
JR9-3 N9LM3SO3 Usnic acid Clqdonia arbuscula
JRg4 N9LM4SO3 Usnic acid Cladonia arbuscula
IP.7-21 N9LM5S03 Usnic acid Cladonia arbuscula
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Appendix l4d
TLC Data From The August collections For Lichen

Samples Surveyed For Fungi
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Appendix l4d- TLC data from the August eollections for lichen samples surveyed for

Collection # TLC# Lichen Compounds Present fdentification
JR4-18 N5LUISO3 Usnic acid, Barbatic acid Cladonia amqurocraea
JR4-16 NTLUISO3 Usnic acid, Barbatic acid Cladonia amøurocraea
IR4-17 N9LU1SO3 Usnic acid, Barbatic acid Cladoniø amaurocraeq
rR7-22 NIOLM5SO3 Usnic acid Cladonia arbuscula
rR7-20 N5LM5SO3 Usnic acid Cladonia arbuscula
JR7-19 N7LM5SO3 Usnic acid Cladonia arbuscula
IPt7-21 N9LM5SO3 Usnic acid Cladonia arbuscula
IP.t0-22 N2LM5SO3 Usnic acid, Fumarprotocetraric acid Cladonia qrbuscula
IR7-14 NIOLRsSO3 Atranorin, Fumarprotocetraric acid Clødonia ransiferina
JR7-18 N2LR5SO3 Atranorin, Fumarprotocetraric acid Cladonia ranøiferina
JR7-15 N5LR5SO3 Ahanorin. Fumamrotocetraric acid Cladonia ranøiferina
JR7-16 N7LR5SO3 Atranorin, Fumarprotocetraric acid Cladonia ransiferina
rR7-17 N9LR5SO3 Atranorin, Fumarprotocetraric acid Cladonia rqnsiferina
JR8-I NlOLS5SO3 Usnic acid, Perlatolic acid Cladonia stellaris
IR8-5 N2LS5SO3 Usnic acid, Perlatolic acid Cladonia stellaris
JR8-3 NsLS5S03 Usnic acid. Perlatolic acid Cladoniø stellaris
JR8-4 N7LS5SO3 Usnic acid. Perlatolic acid Cladonia stellaris
JR8-2 N9LS5SO3 Usnic acid, Perlatolic acid Cladonia stellaris

JR4-15 NIOLUISO3 Usnic acid Cladonia uncialis
JR4-19 N2LUISO3 Usnic acid Cladonia uncialis
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Appendix 15a

Photographic Plates Of Fungi
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Figs. 1-2. Cladosporium # I,1. A conidiophore with conidium attached. 2. Various
Shapes of conidia.

I Fig. 3. Epicoccum purpurasc¿ns, Cushion shaped sporodochium with short
conidiophores and conidia.

Figs. 4-5. Cladosporium # 2,4. A conidiophore with conidia attached. 5. Various
shapes of conidia.
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Fig. 6. Aspergillus alutaceus group, Conidiophore with phialides, and a single
mature conidium.

Fig. 7. Penicillium sp., Conidiophore with phialides, and conidia in basipetal
chains.

Fig.8. Trichodermø sp., Conidiophore with phialides and conidia.

Fig.9. Cunninghamellaelegans,Sporangiophorewithsporangiolesattached.

FÍg. 10. Alternaria sp., Conidiophore with attached conidium.

Fig. 11. Absidia coerulea, Sporangiophore with sporangium and sporangiophore
with exposed collumella and sporangiospores.
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Fig. 12. Mucor spinosus, Sporangiophore with ruptured sporangium and
sporangiospores.

Fig. 13. Mucor spinosus, Sporangiospore with exposed spiny collumella, and
sporangiospores.

Fig. 14. Rhizopus oryzae, Sporangiophore with torn sporangium wall, exposing the
collumella.

Fig. 1.5. Rhizopus oryzae, Sporangiophore with sporangium, and sporangiophore
rhizoids.

Fig. 16. Mortierella isabellina/vinaceacomplex, Sporangiophore with attached
sporangium and a second sporangiophore revealing the absence ôf a
collumella.

Fig. 17. Zygohynchus exponens, Zygosporangium with inflated suspensor
appendage and sporangiospores.
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