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Biology 

(ABSTRACT) 

A discrete aspen clone was sampled for ectomycorrhizal 

sporocarps over 4 years in an area impacted by copper mining 

in Butte, Montana. Locations of sporocarps were noted and 

species identified. A majority of the mycorrhizal fungi 

found in the aspen stand were early colonizers or species 

characteristic of disturbed sites, including Inocybe lacera, 

Laccaria laccata, Paxillus vernalis, and Tricholoma 

sclapturatum. Ectomycorrhizal rootlets were sampled to 

determine if above ground species reflected the abundance 

and distribution of species below ground. Over 94% of the 

mycorrhizae were identified to species by morphology and 

RFLP analysis, and 91% (excluding Cenococcum-type) were 

species which fruited. One fourth of the mycorrhizae were 

Paxillus vernalis which produced one sporocarp in 4 years. 

Fruitings exhibited a clustered “edge effect" at the canopy 

perimeter, in contrast to their mycorrhizae, which were 

found throughout the stand. The unusual vertical



distribution of mycorrhizae to a depth of 48 cm, with few in 

the top 16 cm of soil is most likely due to moisture, 

nutrient, and organic matter considerations. 

Mycorrhizal members of the Cortinariaceae were an 

important component of the mycoflora of Populus tremuloides 

in Montana. Species of the mycorrhizal genus Inocybe, which 

is not well known in North America, were particularly 

prevalant in the aspen stands near Butte. Thirteen of the 

16 species of Inocybe that occurred with aspen in these 

areas were in the Cortinatae group, having smooth spores, 

thick-walled pleurocystidia, and a cortina. Several of the 

species have previously been reported with aspen in Europe. 

A majority of the 16 species were linked for the first time 

to aspen in North America. This is the first report of I. 

flavella, I. longispora, and I. pseudodestricta from North 

America.
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INTRODUCTION 

Over 80% of all higher plant families form mycorrhizal 

associations with fungi (Trappe 1977; Malloch et al. 1980). 

This mutualism appears to enhance the fitness of both plant 

and fungus under natural conditions, and in many cases the 

association is obligatory for the survival of one or both 

symbionts (Hackskaylo 1967, 1972; Marx and Schenk 1983). A 

majority of plants form endomycorrhizae with fungi in the 

Glomales. The Pinaceae and Cupressaceae in the Coniferales, 

the Fagaceae, the Betulaceae, the Salicaceae, and Myrtaceae 

in the angiosperms, and several other families of plants 

unite with fungi, primarily basidiomycetes, and develop 

structures called ectomycorrhizae. In contrast to most 

types of mycorrhizal alliances, the hyphae of 

ectomycorrhizal fungi do not penetrate the host's cell 

walls, but surround individual root cells forming what has 

been termed the Hartig net, the region of intimate contact 

between plant and fungus where nutrient exchange takes 

place. The Pinaceae, and a few genera of the Cupressaceae, 

are the only gymnosperms to form ectomycorrhizae. These 

conifers host numerous mycobionts, from versatile broad-host 

range fungi which also associate with angiosperms, to host- 

specific genera such as Suillus, Chroogomphus, and 

Gomphidius, which are restricted to the Pinaceae (Miller



1983). The Salicaceae, Betulaceae, and Fagaceae are the 

major ectomycorrhizal angiosperm families in the northern 

hemisphere, as are the Myrtaceae (Eucalyptus) and the 

Dipterocarpaceae in the southern hemisphere (Marks and 

Kozlowski 1973; Malloch 1980). These families are not 

considered to be closely related, but are scattered through 

out the superorders of the angiosperms as classified by 

Cronquist (1981). A few members of the Rosaceae, the 

Leguminosae, and other families summarized in Malloch et al. 

(1980) and Marks and Koslowski (1973) are also reported to 

form ectomycorrhizae, particularly in stressed habitats such 

as tundra (Miller 1982a) and at timberline (Malloch et al. 

1980). The mycobionts of angiosperms, like those of 

gymnosperms, can have a broad-host range or be as specific 

as Lactarius controversus (Fr.) Fr. which is ectomycorrhizal 

with aspen and willow. 

Although the number of ectomycorrhizal plant families 

is limited, they include the dominant overstory trees of the 

great boreal and temperate forests of the world which cover 

vast areas of land, thus, the ectomycorrhizal condition is 

pervasive in the northern hemisphere. From a fungal 

viewpoint, nine of the seventeen or eighteen families 

comprising the Agaricales, Boletales, and Russulales have 

ectomycorrhizal members, including four white-spored agaric 

families (Amanitaceae, Hygrophoraceae, Russulaceae, and



Tricholomataceae), four dark-spored families (Boletaceae, 

Cortinariaceae, Gomphidiaceae, and Paxillaceae), and the 

pink-spored Entolomataceae (Miller 1982b). The 

ectomycorrhizal Gastromycetes (6 of 9 orders) are primarily 

hypogeous, and some are related to epigeous families listed 

above (Miller 1983). Five of the twenty-two diverse 

families of the Aphyllophorales contain taxa known to form 

ectomycorrhizae (Miller 1982b). The Tuberales in the 

ascomycetes appear to have gained the ectomycorrhizal 

condition relatively recently, as they evolved from the 

Pezizaceae (Burdsall 1968). 

Populus tremuloides Michx. in North America and the 

closely related Populus tremula L. in Europe are among those 

trees which have the widest distribution of all 

ectomycorrhizal plants in the world. These boreal and 

montane aspen trees are essentially restricted to the higher 

latitudes of the northern hemisphere, and together they 

possess an almost circumboreal distribution. It is of 

importance to trace the distributions of individual fungal 

species within the range of one host such as aspen to learn 

which fungi aspen depend upon a variety of conditions. One 

can then obtain an indication of the climactic and edaphic 

factors important to the survival of each fungal mycobiont, 

with their own unique autoecology and close ties to the 

soil. Additionally, this kind of information can provide



clues to the coevolution of aspen and its fungal allies, and 

the evolution of the ectomycorrhizal condition in general. 

At the moment, we know only certain sections of some genera 

of ectomycorrhizal fungi are associated with aspen. Certain 

mycorrhizal families (Hygrophoraceae) and even the 

mycorrhizal members of whole orders and classes 

(Aphyllophorales and Gastromycetes) are absent or rare in 

aspen stands (Cripps and Miller 1993). Paleo-ecological 

interpretations of these kinds of studies taken as a whole 

can give us a perspective on the evolution of host plants 

and their fungal symbionts, and can help surmise more 

sweeping investigations such as 1) did the ectomycorrhizal 

condition evolve more than once in various plant and fungal 

groups?, or 2) did the ectomycorrhizal condition evolve once 

and proceed with conservation of function, with implications 

that the plants and/or fungi involved are more closely 

related than once surmised? New evidence for a closer 

relationship of ten plant families which are mutualistic 

with N-fixing bacteria comes from similarities in the 

sequences of their rbcL genes (Soltis, Botany seminar, VPI 

and SU, 1994). Five of these families have ectomycorrhizal 

members, which may be more closely related than once 

thought. Although convergence may have occurred with some 

groups of fungi such as the Tuberales, conservation of 

function may be more likely for most mycorrhizal



basidiomycetes. To piece together the puzzle of the 

evolution of the ectomycorrhizal habit, knowledge of the 

combination of individual phycobionts and mycobionts is 

essential. Fungi leave a poor fossil record, but perhaps by 

appending them to their partners in evolution, the ephemeral 

evolutionary tracks of mycorrhizal fungi will become more 

visible. The present study was initiated to examine the 

ectomycorrhizal fungi which occur with aspen in the western 

United States as part of the global effort to understand the 

ecology and distribution of mycorrhizal fungi. 

When this study began in 1989, little was known of the 

ectomycorrhizal fungi which were associated with Populus 

tremuloides in North America. We now know that P. 

tremuloides is associated with over 46 species of 

ectomycorrhizal fungi in western North America alone (Cripps 

1992; Cripps and Miller 1993) and a select number of these 

have been proven to be mycorrhizal by in vitro synthesis 
  

(Cripps 1992, Cripps and Miller 1995). Two additional years 

of collecting on the sites of the previous studies, and 

record precipitation during one of those additional years 

(Fig. 1), has only added three species to this list (Table 

1). A wider study of pure aspen stands in Montana and Idaho 

catalogued 21 species of ectomycorrhizal fungi, and only 

four were not recorded on the original study sites (Table 

1). This small increase in fungal diversity on both



accounts suggests that after five years we have sampled the 

major components of the ectomycorrhizal flora of aspen in 

western Montana and Idaho. As of now it appears that only 

the Cortinariaceae need further investigation. A more 

intensive examination of the aspen stands near Butte, MT, 

showed that the number of species of ectomycorrhizal fungi 

ranged from a high of 31 species fruiting in 1993 after 

record precipitation, to a low of 14 species the following 

year, a decline of 50%, when Butte was under a drought watch 

(Figs. 2 and 3). This underscores the need for long term 

floristic studies of ectomycorrhizal fungi, particularly in 

arid to semi-arid regions. 

In a comparison of the mycorrhizal fungi of aspen 

forests on three sites in Montana and Idaho (Cripps 1992; 

Cripps and Miller 1993), one third of all the fungal species 

recorded were found on all three sites, but unique species 

also characterized the individual sites. Like most 

ecological studies of ectomycorrhizal fungi (Bills et al. 

1986, Villeneuve et al. 1989, Palmer et al. 1994), it 

inferred that the differences in the mycorrhizal floras 

among sites, as represented by sporocarps, were real 

differences and not merely a reflection of disparate 

fruiting conditions. Virtually all ecological studies of 

ectomycorrhizal fungi in natural conditions have assumed 

that the presence of fruiting bodies is representative of



the diversity, abundance, and distribution of the 

mycorrhizal fungi present in the soil. We simply do not 

know if this is a reasonable assumption, but without below 

ground confirmation one must accept this as recognizable 

evidence of a fungal species. There was no way to confirm 

or refute this hypothesis. Recent morphological (Agerer 

1990) and molecular techniques (Gardes et al. 1991; Gardes 

and Bruns 1993b) have made it possible to identify 

ectomycorrhizal fungi, under some conditions, by the 

subterranean mycorrhizae they form with a host plant. This 

opens up a new way to examine the make-up of mycorrhizal 

communities in combination with a knowledge of sporocarp 

distribution. A few studies have examined the rhizosphere 

of ectomycorrhizal trees with these new tools, but only 

complex mycorrhizal communities which comprise a fragment of 

a larger forest have been superficially examined (Gardes and 

Bruns 1992, 1993a). Preliminary results from these studies 

suggest that the relationship between sporocarps and 

mycorrhizae (and therefore the fungal thallus) is more 

complex than originally assumed. Studies are needed which 

focus on simple natural mycorrhizal communities such as 

those of stressed habitats, where a low diversity of fungi 

is expected. An approach of this type will help clarify 

this relationship, and determine if the diversity and 

abundance of sporocarps is truly representative of the



mycorrhizal fungi in the soil. The clonal reproduction of 

aspen provides a naturally delineated ectomycorrhizal 

system, which may consist of one individual clone surrounded 

by open land. The small aspen clones in the stressed Butte 

area were expected to be low in diversity, providing an 

ideal opportunity to examine ectomycorrhizal fungi above and 

below ground. This is the first study to compare the above 

ground diversity, distribution, and abundance of mycorrhizal 

fungi, with colonized mycorrhizal rootlets in the soil, in 

an aspen stand on a stressed site. This is the first study 

in which mycorrhizae were identified to species by 

morphological means verified by RFLP analysis, and one of 

the few studies to use either technique in an ecological 

context. 

The Cortinariaceae, a family of ectomycorrhizal fungi 

primarily of the northern hemisphere boreal and tundra 

biomes, is a dominant part of aspen's mycorrhizal flora in 

Montana and Idaho (Cripps 1992; Cripps and Miller 1993). 

The main genera of the Cortinariaceae (Cortinarius, 

Hebeloma, and Inocybe) are not well known in North America, 

and the species associated with aspen are even less well 

known. At least one species is new to science (Cripps and 

Miller 1994). This is the first study to focus on the 

species of Inocybe associated with aspen, and more 

particularly with P. tremuloides in western North America.
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Table 1. Ectomycorrhizal fungi associated with aspen. Starred 
species (*) are additions to the list in Cripps (1992). 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

AMANITACEAE states 

Amanita alba Gill. MT,ID 

Amanita fulva (Schaeff.) per Pers. ID 

Amanita muscaria v. alba Peck* ID 

Amanita muscaria v. formosa (Pers per Fr) Bert MT,ID 

Amanita pantherina (DC. per Fr.) Krombh ID,MT 

Amanita vaginata (Bull. per Fr.) Krombh. ID,MT 

RUSSULACEAE 

Lactarius controversus (Fr.) Fr. ID,MT 

Lactarius rufus (Scop. ex Fr.) Fries* ID 

Lactarius zonarius Fr. ID,MT 

Russula aeruginea Lindbl.:Fr. ID,MT 

Russula claroflava Grove MT 

Russula krombholtzii Kromb. MT 

Russula foetenula Peck MT 

Russula ochroleuca (Pers.) Fr.* MT 

Russula velenovskyl Mlz-Zv. MT 

Russula xerampelina (Schaef.:Secr.) Fr. MT 

TRICHOLOMATACEAE 

Laccaria laccata v. pallidifolia (Peck) Peck MT 

Laccaria proxima (Boud.) Pat MT 

Laccaria pumila Fayod. MT 

Laccaria tortilis (Bolt.) Cooke MT 

Tricholoma flavovirens (Pers ex Fr)Lun & Nan* | MT 

Tricholoma populinum Lge.* MT 

Tricholoma scalpturatum (Fr.) Quel. ID,MT 

CORTINARIACEAE 

Cortinarius alboviolaceous (Pers.:Fr.) Fr. 

Cortinarius hedyaromaticus Cripps & Miller MT 
  

Cortinarius ochrophyllus Fr.*       
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Cortinarius subbalaustinus R. Hry. ID, MT 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    Thelephora sp.   

Cortinarius trivialis Lge. ID, MT 

Cortinarius (Telemonia) sp. MT 

Cortinarius (Sericeocybe) sp. MT 

Hebeloma insigne Smith, Evenson & Mitchell MT 

Hebeloma mesophaeum (Fr.) Quel. ID,MT 

Hebeloma populinum Romagn. MT 

Hebeloma spp. 1, 2, 3 MT 

Inocybe dulcamara (Alb & Schw:Pers) Kummer MT 

Inocybe flavella v. flavella P. Karst. MT,ID 

Inocybe flocculosa (Berk) Sacc. v. flocculosa | MT,ID 

Inocybe griseolilacina Lge. MT 

Inocybe lacera (Fr:Fr) Kummer v. lacera MT,ID 

Inocybe longispora Lge. MT 

Inocybe mixtilis (Britz.) Sacc. MT 

Inocybe nitidiuscula (Britz.) Sacc. MT 

Inocybe obscurobadia (J.Favre) Grund & Stuntz | MT 

Inocybe phaeocomis (Pers.) Kuyper MT 

Inocybe sindonia (Fr.) P. Karst MT 

Inocybe whitei (B & Br) Sacc. v. whitel MT 

PAXILLACEAE 

Paxillus vernalis Watling ID,MT 

BOLETACEAE 

Chalciporus piperatus (Bull.:Fr.) Singer ID,MT 

Leccinum aurantiacum (Bull:St.Amans) S.F.Gray ID,MT 

Leccinum holopus* ID 

Leccinum insigne Smith, Thiers, & Watling MT 

Phylloporus rhodoxanthus (Schw.) Bres. MT 

Xerocomus spadiceus Fr. MT 

THELEPHORACEAE 

MT   
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CHAPTER 1: Patterns of sporocarps and their mycorrhizae in a 
stressed aspen stand 

INTRODUCTION 

Ecological studies of macrofungi via sporocarps 

Fungi are unique among organisms in possessing thalli 

that are not easily observed, but lie hidden within a 

substrate as a mass of hyphal strands. Sporocarps, the 

visible evidence of a fungus, occur rarely. Sporocarps have 

traditionally been used in floristic and ecological studies 

of macrofungi as evidence that certain species of fungi are 

present in an area (Wilkins and Harris 1946; Cooke 1948; 

Hora 1959; Hering 1966; Richardson 1970; Fogel 81; Bills et 

al. 1986; Villeneuve et al. 1989; Hansen 1988, 1991; Nantel 

& Neumann 1992; Ohenoja 1993). The diversity, dominance, 

and distribution of sporocarps is commonly assumed to be a 

reasonable substitute for these attributes of the fungal 

thallus. The biomass of sporocarps is used in lieu of 

mycelial biomass to assess the allocation of resources in 

fungal communities, even though sporocarp biomass can 

fluctuate dramatically from year-to-year (Dahlberg 1991 in 

Ohenja 1993; Hering 1966; Richardson 1970). There is no 

definitive evidence that the biomass of the sporocarps 

produced by a fungus is proportional to its mycelial mass. 

In fact, sporocarps comprise only a small portion of the 
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total fungal biomass, making the assumption that sporocarps 

are reliable indicators of the importance of a fungus even 

less warranted. Sporocarps under Pseudotsuga menziesii 

(Mirb.) Franco comprised only 0.3% of the annual fungal 

standing crop, a larger percentage being attributed to the 

mycorrhizae (50%), the mycelium (33%), and the sclerotia 

(14%) (Fogel and Hunt 1979). 

Ecological studies based on sporocarps are further 

complicated by the observations that these fruiting 

structures are ephemeral, lasting one to many days (Hora 

1959; Richardson 1970), and individual species typically 

fruit at one particular time of year (Hering 1966; Hora 

1959; Wilkins and Harris 1946). In addition, fruiting is 

dependent on precipitation, humidity, and other climactic 

conditions as summarized by Ohenja (1993). A 10 year study 

(Lange 1978) showed that only 21-59% of the mycorrhizal 

fungi recorded in various vegetation types fruited in any 

given year. The percentage of fungi fruiting annually in 

areas of low rainfall such as the western U.S. may be even 

lower. Few studies address fungi which fruit underground 

(Fogel 1976; Luoma et al. 1991), and fungi such as 

Cenococcum, a common (Trappe 1962) and often important 

mycorrhizal fungus in ecosystems, are largely ignored 

because they do not produce sporocarps. These, and other 

difficulties of ecological and floristic studies of fungi 
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are summarized in Cooke (1948), Fogel (1981), and Harley 

(1971). A combination of these problems makes it necessary 

for fungal surveys to be repeated many times throughout each 

field season for several years. Even then one needs optimal 

weather conditions if a majority of the fungal species in an 

area are to be discovered and ecological questions answered 

with some credibility (Hering 1966; Bills et al. 1986). If 

all of these variables are considered, one is still not 

guaranteed of ascertaining the complete picture of fungal 

diversity in terms of the dominance and distribution of each 

species as delineated by the mycelium itself. 

An added difficulty worth noting, inherent in 

ecological studies of fungi, is that sporocarps cannot be 

equated with fungal individuals (genets), and therefore, 

individuals cannot be easily counted in ecological studies. 

Several to many fruitbodies can spring from one thallus (or 

individual) and there is no easy way to delineate fungal 

individuals for ecological studies. Somatic incompatibility 

(Rayner 1991; Dahlberg 1992) and molecular techniques (Smith 

et al. 1992; De LaBastide et al. 1994) have been used to 

delineate fungal individuals, but these methods are 

generally too time-consuming and labor intensive for a 

majority of ecological studies. There are also problems 

interpreting somatic compatability (Jacobson et al. 1993). 

Typically the concept of individuality is circumvented by 
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using terms such as "abundant", "dominant", “major species", 

and "frequently encountered" to describe fungal species 

which fruit in greater numbers, or with greater biomass than 

other species, in hopes that this terminology in some way 

reflects the resources allocated by a community to 

individual species. For organisms without definable 

individuals (i.e. clonal, etc.), the weight or cover of each 

species can be substituted for the number of individuals in 

determining the proportion of each species in a community 

(Pielou 1974). For fungi, it has been suggested that the 

frequency of sporocarps in contiguous subplots over time is 

a better measure of fungal abundance and distribution, than 

the tally of fruitbodies (Bills et al. 1986; Villeneuve et 

al. 1989), but these fungal studies did not correlate 

sporocarp frequency with other fungal parameters to validate 

this assumption. 

Vegetative structures such as sclerotia, can also 

indicate the presence of certain species of fungi, and 

sclerotia may be a significant component of the fungal 

biomass in a system (Fogel and Hunt 1979), but most fungi do 

not form these structures and they are largely hypogeous, an 

added difficulty. The sclerotia of Boletinellus merulioides 

(Schwein.) Murrill have been found in areas where the 

species fruits, and also in subplots where fruiting was not 

known to occur (Cotter and Miller 1985; Cotter and Bills 
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1985). Laiho (1970) noted that the sclerotia of Paxillus 

involutus (Batsch) Fr. are often as abundant as its 

mycorrhizae, but no quantitative investigations were done. 

Sclerotia, mycorrhizae, and sporocarps function in 

different capacities, and may not necessarily be expected to 

occur in the same proportions under the same conditions. 

Chitin assays (Ride and Drysdale 1972) and 

quantification of soil hyphae (Miller 1982a; Fogel and Hunt 

1979), can estimate the mycelial biomass in soil, although 

not all mycelium is viable and growth studies may give a 

better estimate of mycelial functionality (Nagel-DeBoois and 

Jansen 1971), but none of these methods can define genets 

and give an estimate of individual species, or give any 

specific insight into the structure of the fungal community. 

Mycorrhizae and ecological studies 

Ectomycorrhizae formed by certain fungi on the roots of 

host plants can indicate that these fungi are present in the 

soil. Mycorrhizae are formed when hyphal strands from a 

fungal thallus colonize the short roots of certain plants. 

Specific genera of fungi in the basidiomycete families 

Amanitaceae, Boletaceae, Cantherellaceae, Clavariaceae, 

Corticiaceae, Cortinariaceae, Gomphidiaceae, Hygrophoraceae, 

Paxillaceae, Russulaceae, Thelephoraceae, and 

Tricholomataceae, as well as ascomycetes in the Pezizales 
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and Tuberales form ectomycorrhizae with certain host plants, 

particularly trees in the families Pinaceae, Betulaceae, 

Salicaceae, and Fagaceae (Miller 1982b, 1983). 

Ectomycorrhizal fungi shuttle nutrients such as nitrogen and 

phosphorus from the soil to the plants, and gain simple 

carbohydrates from their photosynthetic hosts that are 

critical to the survival of these fungi. 

Until recently, it has not been possible to identify 

species of fungi by their mycorrhizae with any certainty. 

The mycorrhizae of mutualistic fungi in an area were 

typically examined either as a whole, or "mycorrhizal types" 

were described without reference to species. The number of 

mycorrhizae in the soil has been positively correlated with 

the number of sporocarps in a few broad scale comparisons 

between plots, where individual species were not taken into 

account. Plots with a higher number of mycorrhizae, also 

supported a higher number of sporocarps (Jansen 1991; 

Termorshuizen and Schaffers 1989). lLaiho (1970) noted that 

the number of mycorrhizae of Paxillus involutus increased 

with sporocarp density, across acres of transect through 

different habitats and various host trees. He demonstrated 

that a relationship existed between sporocarp density and 

rootlet colonization rate for one species on a broad scale. 

However, the correlation of mycorrhizal and sporocarp 

numbers between plots and across transects does not hold 
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under all conditions. Menge and Grand (1978) found that 

mycorrhizal and sporocarp numbers were only correlated if 

Cenococcum mycorrhizae were not counted since Cenococcum 

does not form sporocarps. Their study suggests that "the 

number of mycorrhizae are not the primary factor responsible 

for production of fruit bodies" (Menge and Grand 1978, p. 

2361). 

The relationship of fruiting body density to mycorrhizal 

density is influenced by many external factors. Jansen and 

DeNie (1988) found the age of the stand and canopy closure 

influenced sporocarp density, but not mycorrhizal density. 

Fogel and Hunt (1979) reported the conflicting results of 

several studies, which showed mycorrhizal numbers to 

decrease or increase with the addition of nitrogen to the 

soil, although the number of fruiting bodies generally 

increased. Antibus and Linkins (1992) found that liming did 

not change the diversity of mycorrhizal types, but did 

change their frequency. A compilation of results from these 

studies suggests that the number of mycorrhizae in the soil 

may be explained, at least in part, by the unique responses 

of different fungal species to various environmental 

conditions. Therefore, the number of sporocarps may not 

always be expected to correlate positively with the number 

of mycorrhizae. When the disparate functions of the 2 

fungal organs are considered, there is no reason why both 
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should increase or decrease together under all conditions. 

The number of mycorrhizae varies seasonally, which 

complicates this relationship (Harvey et al. 1978; Fogel and 

Hunt 1979). It is important to carefully consider the 

methods of quantifying mycorrhizae, as well as sporocarps. 

Since so many conflicting results of broad scale studies 

exist, a different approach is necessary. A closer 

examination of smaller, less complex systems with fewer 

confounding variables are needed. The focus should be on 

the relationship of sporocarps, mycorrhizae, and by 

implication, the mycelium of a fungus. The tools for such 

research have only recently been developed. Within a 

limited system, it is now often possible to identify fungal 

species by the mycorrhizae they produce, either by their 

morphology (Agerer 1990; Ingleby et al. 1990) or with 

restriction fragment length polymorphism (RFLP) analysis of 

the internal transcribed spacer region (ITS) using primers 

specific for the basidiomycete symbionts (Gardes et al. 

1991; Gardes and Bruns 1993b). These methods can be 

employed to identify individual species of ectomycorrhizal 

fungi in the soil, and provide new ways to examine the 

diversity, abundance, and distribution of mycorrhizal fungi, 

and a novel approach to ecological studies of mycorrhizal 

fungi. 

Preliminary studies utilizing these techniques have 
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been used to examine the relationship of sporocarps and 

mycorrhizae on a smaller scale in contrast to broad scale 

studies between plots and across transects. The results 

suggest that the diversity of mycorrhizal fungi below ground 

may only be partially represented by sporocarps above 

ground. Also, the dominance, abundance, and/or frequency of 

individual species of mycorrhizal fungi may not always be 

Similar above and below ground. This implies that fungi 

dominant in the soil and important to the functioning of an 

ecosystem may not be included in studies which examine only 

sporocarps. In a Pinus muricata D. Don pine forest where 

Suillus pungens was dominant above ground, mycorrhizae of 

this species were rare in soil cores taken below the fruit 

body, and the mycorrhizae of Russula amoenolens, a species 

which fruited only once, were the most frequent type below 

ground (Gardes and Bruns 1992, 1993a). In the same Pinus 

muricata stand, only half of the 15 mycorrhizal types 

identified by ITS-RFLP analysis were represented above 

ground. In Pinus banksiana Lamb. forests, only 56 of the 82 

  

mycorrhizal types identified by morphology, were represented 

above ground (Danielson 1984). Paxillus involutus 

mycorrhizae, easily identified by their morphology, can 

occur in areas where the species does not fruit, and 

conversely sporocarps of this species have been found where 

mycorrhizal samples were devoid of a corresponding 
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mycorrhizal type (Laiho 1970). Similarly, soil cores taken 

beneath the sporocarps of Inocybe lacera (Fr.) Kummer, P. 

involutus (Fr.) Fr., Amanita muscaria (L.:Fr.) Hooker, 

Leccinum roseofractum Watling, and Scleroderma citrinum 

Pers. included mycorrhizal types other than those species 

which fruited (Fox 1986). Even within the confines of pots, 

mycorrhizae and sporocarps do not always correspond. 

Fleming et al. (1984) found that the mycorrhizae of Hebeloma 

crustuliniforme (Bull.) Quel., Thelephora terrestris 

Ehrenb.: Fr., and Inocybe lanuginella (Schroet.) Konrad & 

Maublanc typically occurred beneath fruit bodies on birch 

seedlings in pots, but that Lactarius mycorrhizae were often 

present without evidence of sporocarps. Indeed, the 

realization that fruit bodies are not always present where a 

fungus occurs is common sense, but in a larger perspective, 

it is important to realize that sporocarps may give us a 

biased picture of the individual mycobionts most important 

to the functioning of an ecosystem. 

Mycorrhizal studies are not without their own unique 

set of problems, and the struggle to find a satisfactory 

method for sampling mycorrhizae has been as serious as that 

of their identification. One kind of problem is evident in 

a study on the succession of mycorrhizal fungi on birch. 

Soil cores which were taken at progressive distances from 

birch trees contained mycorrhizal types which reflected the 
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rings of sporocarps of several species of mycorrhizal fungi 

fruiting at various distances from the trees above ground 

(Deacon et al. 1983). The idea of succession was supported 

by both above ground and below ground evidence by this 

sampling method. However, when soil core samples were taken 

directly beneath the fruit bodies, they always consisted of 

numerous mycorrhizal types, and the fruiting type was never 

dominant in the core below. This could be interpreted as 

implying that the idea of succession is not supported below 

ground, because mycorrhizae below the rings of sporocarps 

were of different species. These 2 common sampling methods 

can result in different conclusions. The rhizosphere is 

complex with several to many species of ectomycorrhizal 

fungi existing in an area, with fruiting bodies separated in 

space from their mycorrhizae. The statistical validity of 

the sampling method must be carefully considered when 

determining abundances of mycorrhizal types in the 

rhizosphere. Studies may be unintentionally biased by 

sampling at a certain distance from a tree, a stratification 

technique used to ensure that the sample will contain 

mycorrhizae, or by sampling root lengths of specific 

diameters. Both methods may reduce variation among samples; 

they are also likely to limit diversity and skew the 

abundances of some types. It may be preferable to carefully 

define the area to be sampled, perhaps a functional unit 
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such as an aspen stand, and to ascertain if it is 

logistically feasible to sample it randomly and quantify the 

mycorrhizae, and by assumption, the mycelia of the 

mycorrhizal fungi themselves. 

The advantages of using mycorrhizae in ecological and 

floristic studies are that mycorrhizae may persist 

throughout most of the year, so investigations can be less 

dependent on the sporadic production of sporocarps, 

particularly during dry periods, or in xeric and disturbed 

areas where fungi rarely fruit. Also, mycorrhizae are more 

numerous and more closely allied with the mycelial thallus 

than sporocarps, and may give a truer picture of the 

mycorrhizal community. The disadvantages are that both the 

morphological and molecular techniques needed to identify 

mycorrhizae are relatively labor intensive, rely on the 

expertise and patience of the researcher, and at present may 

only be useful in simple mycorrhizal communities where a 

majority of the mycorrhizal fungi are already known. 

However, both above and below ground studies contribute to 

our knowledge of the mutualistic processes which support the 

dominant trees of the temperate and boreal forests. 

Purpose 

In a previous study (Cripps 1992; Cripps and Miller 

1993), sporocarps of ectomycorrhizal fungi were collected in 
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1993), sporocarps of ectomycorrhizal fungi were collected in 

aspen stands on 2 sites in southwestern Montana and one in 

southeastern Idaho during three field seasons commencing in 

1990. The sites varied in their soil characteristics, 

drainage patterns, and age of trees. Differences were found 

among the ectomycorrhizal floras of the sites. "Early 

colonizers" such as Inocybe lacera (Fr.:Fr.) Kummer, 

Laccaria laccata (Peck) Peck, and Paxillus vernalis Watling 

were considered dominant fungi on the disturbed site near 

Butte, MT, and "late colonizers" such as Amanita muscaria 

var. formosa (Pers. per Fr.) Bert. and Lactarius 

controversus (Fr.) Fr. were encountered more frequently in 

the older, undisturbed stands. The conclusion that 

differences existed in ectomycorrhizal mycofloras among 

sites was dependent upon the occurrence of sporocarps, and, 

as in most studies on macrofungi, these differences were 

considered to be real, not merely a reflection of the 

variability in fruiting conditions on the three sites. This 

assumption can now (in part) be tested, since it is possible 

to identify the mycorrhizae of some of these ectomycorrhizal 

species under some conditions. Once accomplished, this can 

provide new insight on the diversity, abundance, and 

distribution of ectomycorrhizal fungi with aspen. It may now 

be possible to determine if the ectomycorrhizal fungi which 

fruited prolifically, or were observed most frequently in 

25



aspen stands are also the fungi dominant in the soil. The 

proportion of ectomycorrhizal fungi not represented above 

ground in aspen stands can be discovered. This, in turn, can 

help ascertain which mycorrhizal fungi are important to the 

survival of these pioneering trees in their wide range of 

habitats, and give a realistic picture of the associated 

mycorrhizal fungi. 

Since identification and enumeration of mycorrhizae is 

labor intensive, and it was not certain if it would be 

possible and practical to identify and count mycorrhizae in 

aspen stands, a small mycorrhizal community was chosen for 

intensive investigation. This consisted of one small aspen 

clone on a stressed site. The small aspen clone was 

expected to be limited in the diversity of its fungal 

associates. It had the added advantage of being a naturally 

delimited ectomycorrhizal unit, surrounded on all sides by 

open land. The advantage of this system is that it may be 

easier to achieve a clearer picture of the relationship 

between the sporocarps and mycorrhizae with a limited number 

of species in a small mycorrhizal guild, rather than in a 

more complex one. Statistically, we may be able to get a 

real feeling for the abundance and distribution, and 

(therefore) the function, of each specialized part of the 

thallus of each fungal species associated with the aspen 

clone. The drawback is that the community structure of 
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ectomycorrhizal species in a small stressed aspen stand may 

be unique and not applicable to larger, more complex 

mycorrhizal systems. 

We have scant knowledge of the diversity of 

mycorrhizae in natural aspen stands, how they are 

distributed, how abundant they are, and how they relate to 

the occurrence of sporocarps. This study examines the 

diversity, abundance, and spatial distribution of colonized 

mycorrhizal fungi in the soil of a small stressed aspen 

stand, and compares these parameters with mycorrhizal fungi 

which fruit in the stand, to determine if the sporocarps 

reflect the patterns of mycorrhizal fungi in the soil. The 

vertical distribution of mycorrhizae in the aspen stand was 

also investigated, and the ecological niches of the 

mycorrhizal fungi on this smelter-acidified site discussed. 

METHODS AND MATERIALS 

Site description 

The study area is located east of Butte in Silverbow 

county, Montana (tp. 3N, rge. 7W), at an altitude of 1800 

meters, and is immediately west of the continental divide in 

the north-central Rocky Mountains. The terrain is rugged 

and the site has a yearly normal precipitation of 31 cm, 

nearly 40% falling in May and June (Fig. 1), and a mean 

annual temperature of 3.8° C. Winters are cold, with 
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record lows to -46° C., and summers are mild with rare highs 

above 35° Cc. (NOAA weather bulletin for Butte, MT). 

The Berkeley pit, a deep crater filled with acidic 

water, is visible from the site. The pit is a result of 

open pit copper mining which continued until 1983. Emissions 

from copper smelters operating from the late 1800s reduced 

vegetation in the Butte area, and acidified the soil with 

emissions of sulfur oxides and heavy metals. Aspen have 

colonized much of the devastated area since the close of the 

smelters. 

A small isolated aspen stand on the south-west facing 

slope of Butte's East Ridge was chosen for intensive study 

(Fig. 4). The stand is surrounded on all sides by open 

slopes sparsely vegetated with Artemesia tridentata Nutt., 

Chrysothamneus nauseosus (Pall.) Britt., Centaurea sp., and 

scattered Juniperus scopulorum Sarg., and Juniperus communis 

L. which indicate the xeric nature of the area. These 

species are all associated with vesicular-arbuscular fungi. 

The south side of the aspen stand falls away into a shallow 

ravine. The predominantly grass understory of the clone is 

lightly grazed by horses and deer. A 20 m by 11m plot was 

laid out in an east-west direction within the aspen stand, 

and covered a major portion of the stand. Trees over 2.5 cm 

in diameter were counted and plotted to provide a sense of 

their spatial arrangement in the clone. Larger trees 
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(ramets) on this southwest-facing slope average 37 years 

(Cripps 1992), which estimates the age of the clone and does 

not include the numerous smaller boles. Seventy years ago 

the slope was devoid of trees (M. Lisac, pers. comm.). 
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Fig. 4. a. Isolated aspen stand examined for ectomycorrhizal 
fungi, located near Butte, Montana. b. Interior of aspen 
stand showing spatial layout of trees and grass understory. 
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The soil is formed from granite, and consists of 70-84% 

sand with elevated levels of copper and iron. Little or no 

O layer is present. The A horizon extends to 8 cm, the A2 

horizon to 15 cm, with a possible an Ab/Bw layer to 20 cm. 

Granitic outcroppings of the parent material jut from the 

sandy soil adjacent to the stand. Organic matter is well 

distributed with depth, probably due to the colluvial nature 

of the soil with possible buried A horizons. Torrential 

rains in 1926 caused massive erosion in the area (M. Lisac, 

personal communication) and may explain the distribution of 

organic matter in the soil, and also the barren, sandy 

outwash on the north side of the aspen stand. The pH ranged 

from 5.3 at the surface, to 4.3 at a depth of 15 cm, and 

increased again to 5.7 at 97 cm (Cripps 1992). A lower pH 

at 15 cms with higher pHs deeper in the soil, suggests the 

acidity did not come from the parent material, and is most 

likely due to previous smelter emissions or a buried A 

horizon. The soil is dystrophic, with base saturations of 

45% at the surface to 11% at 20 cn. 

Collection of sporocarps 

The site was visited approximately every 10 days 

throughout the 1990, 1991, 1992, and 1993 field seasons. 

Fruitings of ectomycorrhizal fungi within the plot were 

recorded (Miller 1982b), and the areas where they occurred 
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noted. Reference specimens of mycorrhizal species, were 

collected dried, and identified according to Moser (1978), 

Watling (1969) for Paxillus, Mueller (1992) for Laccaria, 

and Kuyper (1986) for Inocybe, and are in the Massey 

Herbarium, Virginia Tech (VPI). Three categories were used 

to describe the abundance of sporocarps for each fungal 

species: 1) over 30 sporocarps/year, 2) 2-10 sporocarps/year 

and 3) 1 sporocarp/year, as each category was relatively 

consistent for a species during the 4 years. 

One cm cubes of tissue were removed from 

representative sporocarps of each species of fungus, for 

ITS-RFLP analysis. The cubes were dried, placed in dry 

vials, and mailed to University of California at Berkeley 

for analysis. 

Sampling of mycorrhizae 

Mycorrhizae were sampled once within the plot, on July 

11, 1993. Sampling was done in late spring to coincide with 

the high monthly average precipitation expected at this time 

of year (Fig. 1), and before potential summer droughts. 

Mycorrhizal numbers peak in spring in Montana soils (Harvey 

et al. 1978), and since it was only feasible to sample the 

plot once, late spring was assumed to be optimal. Root 

samples were taken every 2 m along a lengthwise transect of 

the plot, and at a specified distance to the left or right 
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as dictated by a random number table (Cox 1967). This 

method is commonly used in plant surveys so all subplots are 

sampled, ensuring samples are not coincidentally taken from 

one area of the plot, a potential result of random sampling. 

Preliminary sampling near the plot revealed that the 

top 16 cm of soil were virtually devoid of mycorrhizae. It 

is commonly thought that mycorrhizae exist primarily in the 

top few centimeters of soil (Marks et al. 1968; Fogel 1980), 

and this result was unexpected. Subsequent preliminary 

sampling near the plot to a depth of 48 cm showed that 

mycorrhizae were deeper in the soil. The original 

experimental plan called for 30 soil samples from 30 

subplots, a feasible number of samples to process before 

cores would have to be frozen, which would destroy the 

mycorrhizal mantle structure needed for identification. 

Since it was necessary to sample to 48 cm, the study was 

limited to 10 soil samples of 3 core lengths each (a total 

of 30 soil cores). Each sample was taken with a 6.5 cm x 16 

cm soil auger to a depth of 48 cm. Core size for sampling 

ectomycorrhizae was evaluated by Alexander (1985), and is 

discussed in the results section of this paper. Each core 

length was placed in a separate zip lock bag so the vertical 

distribution of mycorrhizae could also be determined, kept 

at 5° Cc., and processed within 3 weeks. 

Each sample was added to water ina plastic pan used 
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for panning gold, and the lighter roots and organic matter 

floated off from the heavier soil by the typical panning 

method of swirling and pouring off the lighter surface 

portion which contained the roots. The feasibility of this 

method depended upon the predominance of sand in the soil, 

which sinks to the bottom of the pan. This panning method, 

which has not previously been used in mycorrhizal studies, 

was also effective for soils with a high silt content, but 

it is doubtful that clay soil could be processed in this 

manner. Roots were gently washed on a 2 mm screen useful 

for mycorrhizal studies (Harvey et al. 1976, 1979, 1980; 

Vogt et al 1981; Jansen and DeNie 1988) although smaller 

mesh screens have also been used (Marx et al. 1968). 

Periodic examination showed no roots or mycorrhizae remained 

in the sand, and no mycorrhizae were lost through the 

screen. Roots were rinsed a second time over a finer-meshed 

screen to remove adhering fine silt and clay, and examined 

in fresh water with a dissecting scope for mycorrhizal root 

tips. All ectomycorrhizae were assumed to be those of 

aspen, since it was the only ectomycorrhizal host present. 

Aspen roots have a distinctive white covering of the larger 

roots which is easy to verify. 

All functional mycorrhizae in each sample were counted 

and identified, and no subsampling was done. Dead 

mycorrhizae were not counted, nor were uncolonized short 
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roots. The omitted counts were necessary because of the 

time constraints of the present study. Functional 

mycorrhizae were defined as those which were turgid with 

fresh-looking mantles in identifiable condition, similar to 

those defined by Harvey et al. (1976) as "active" 

mycorrhizae. Non-functional mycorrhizae (dead) were defined 

as those which were shriveled and unrecognizable; these were 

often of a dark color. No problems were encountered in 

making this distinction. This is due most likely to the 

spring sampling when new growth was occurring and the 

previous year's dead mycorrhizae were obvious. Each 

mycorrhiza was removed with fine forceps, and counted 

whether it was singular (monopodial) or part of a more 

complex structure. Distinct types were sorted into water- 

filled Petri dishes and periodically checked to make sure 

they contained only one morphological type. If a mycorrhiza 

obviously consisted of more than one fungus, it was 

catalogued under miscellaneous mycorrhizae. 

Fresh material was used for morphological descriptions 

and for chemical tests as per Agerer (1990). Mantle 

patterns, extramatricular hyphae, and microscopic anatomical 

features necessary for the identification of the mycorrhizal 

types were drawn with a camera lucida at a magnification of 

either 400 or 1000x, and the overall mycorrhizal morphology 

photographed with a dissecting scope. Representative 
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samples of each mycorrhizal type were preserved in formalin 

acetic acid (FAA), and selected mycorrhizae were dehydrated, 

embedded in paraffin, sectioned with a microtome, and 

stained with safranin O and fast green to verify that the 

roots were mycorrhizal as confirmed by the presence of a 

Hartig net. This method is described in detail in Cripps 

(1992) and Cripps and Miller (in ed.), and is similar to 

that cited by Wilcox (1982) and described by Johansen 

(1940). 

Two mycorrhizal root tips of each type (I-IV and VII) 

were meticulously cleaned of debris, placed in vials of 

water, and sent to T. Bruns at the University of California 

at Berkeley for ITS-RFLP analysis. 

Identification of mycorrhizal types 

Four of the naturally occurring mycorrhizae from the 

plot were identified by a comparison of their morphological 

and anatomical characteristics (Agerer 1990) to mycorrhizae 

previously synthesized in vitro with isolates of known 

fungi and aspen seedlings (Cripps 1992, Cripps and Miller 

1995). Isolates of Inocybe lacera (Fr:Fr) Kummer, Paxillus 

vernalis Watling, and Tricholoma scalpturatum (Fr.) Quel., 

used for the in vitro syntheses were from sporocarps 
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collected on the Butte site, and Cenococcum geophilum Fr., 

was cultured from Pinus taeda L. 

Six of the naturally occurring mycorrhizae from the plot 

were compared to descriptions of mycorrhizae by other 

authors: I. lacera (Schramm 1966; Chu-chou and Grace 1983; 

Ingleby et al 1990); P. vernalis/involutus (Godbout and 

Fortin 1985; Ingleby et al. 1990; Agerer 1990; Miller et al. 

1991); L. laccata (Miller et al. 1991; C. geophilum (Lihnell 

1942; Godbout and Fortin 1985; Agerer 1990; Ingleby et al. 

1990); Hebeloma mesophaeum (Ingleby et al. 1990), and 

Hebeloma sp. (Ingleby et al. 1990; Agerer 1990). 

Identifications of 4 naturally occurring mycorrhizae 

were further supported by preliminary RFLP analysis of the 

polymerase chain reaction (PCR) amplified internal 

transcribed spacer region (ITS) of the nuclear ribosomal 

repeat unit completed by T. Bruns and M. Gardes at the 

University of California, Berkeley (Gardes et al. 1991; 

Gardes and Bruns 1993b). DNA was extracted from sporocarps 

and mycorrhizae. The ITS of the nuclear ribosomal repeat 

unit was amplified by PCR (polymerase chain reaction), with 

primers specifically designed for this region. It is 

preferable to amplify the ITS region of mycorrhizae because 

1) it has a high copy number and it is easy to amplify small 

samples, 2) primers can discriminate between plant and 

fungal DNA, as well as between ascomycete and basidiomycete 
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DNA, and 3) the region is variable among fungal species. 

Gardes et al. (1991) found 1-2% variation between isolates 

of Laccaria bicolor, 3-5% between 3 species of Laccaria, and 

32% between Laccaria and Thelephora. These results 

demonstrated that this method is applicable at the generic 

level. A restriction fragment length polymorphism (PCR) 

analysis of the amplified DNA of the fungi from the Butte 

site was performed by digestion of the DNA with 

endonucleases, followed by separation on a gel, and analysis 

of the resultant bands. Ina blind test, the band patterns 

produced by DNA extracted from sporocarp flesh of I. lacera, 

P. vernalis, T. scalpturatum, and L. laccata collected on 

the Butte site were matched with band patterns produced by 

DNA extracted from fresh mycorrhizal root tips collected on 

the plot. Rhizomorphs of P. vernalis were inadvertently 

sent instead of Paxillus mycorrhizae, but this should not 

affect the results. All samples were processed by T. Bruns 

and M. Gardes at the University of California, Berkeley. 

ITS-RFLP tests were preliminary, and it would have been 

preferable to repeat them, but this was not possible due to 

a lack of fresh material. 
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Evaluation of the number of species of ectomycorrhizal fungi 
in the aspen clone: fungal species richness/diversity 

The number of species at a site or in a region is 

called species richness (Whitaker 1972), and is the simplest 

of all measures of biodiversity (Magurran 1988). The 

species richness or diversity of an area has been examined 

in a statistical manner in a number of ecological studies 

focusing on fungi, including an examination of VAM fungi at 

two sites (Tews and Koske 1986), a survey of ectomycorrhizal 

and saprophytic macrofungi in several forest types 

(Villenueve et al. 1989), and a comparison of the 

ectomycorrhizal fungi in red spruce and hardwood forests 

(Bills et al. 1986). Studies too numerous to name include 

lists of fungi found in an area and have examined species 

richness without using the terminology or statistical 

parameters. Species richness is the simplest, most easily 

understood measure of diversity, and weights species number 

as opposed to the evenness of the proportions of species 

weighted by other measures (Solbrig 1991; Margurran 1988). 

The species richness or diversity of ectomycorrhizal fungi 

above ground is defined for this study as the number of 

ectomycorrhizal fungal species which were observed fruiting 

over a 4-year period within the plot. Using the cumulative 

number of ectomycorrhizal species which fruited over several 

seasons maximized species richness and was assumed to be 
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preferable to limiting diversity to an annual tally. In 

another type of study, the number of fruiting bodies of 

fungi accumulated over several seasons correlated better 

with the number of mycorrhizae than with the yearly total 

(Jansen 1991). 

The species richness or diversity of ectomycorrhizal 

fungi below ground is defined for this study as the total 

number of ectmycorrhizal types (species) in the 10 soil 

samples. Species richness here is dependent upon sample 

size, and a sufficient number of samples are needed to 

accurately portray the number of ectomycorrhizal fungi in 

the soil of the aspen stand. Species-area curves 

traditionally display the number of species which accumulate 

as the sampling area increases, and a leveling of this curve 

indicates that the area has been sufficiently sampled 

(Magurran 1988; Pielou 1977). Tews and Koske (1986) used 

species increment curves to indicate that 9 to 30 samples 

were needed to discover 9 VAM species on one site, and that 

26 to 30 samples were needed to find the 18 species of VAM 

fungi on another site. To assess the number of mycorrhizal 

types (species) below ground, the species-area curve was 

modified for the present study. The cumulative number of 

species (mycorrhizal types) was plotted against the number 

of samples taken to determine if 10 soil cores were 

sufficient to discover a majority of mycorrhizal types in 
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the soil. The usual method of selecting data from randomly 

chosen subplots to find the average number of species that 

will be discovered in "x" number of subplots is typically 

done to determine the cumulative number of species in an 

area. In this case, the average of all possible 

permutations of subsampling was calculated (i.e., all 10 

possible choices for a sample size of 1 sample were 

averaged, not subsampled, and the 45 factorial possibilities 

for "2 samples" were averaged, etc.). This method gives a 

more accurate estimate of the number of species which (on 

the average) will be discovered in a certain number of 

samples, although it is more lengthy to calculate. This 

method also allows standard deviations to be calculated, 

which puts boundaries on the species-area curve. If the 

curve levels off, the sample size is sufficient to find a 

majority of the species in the area. 

Density of mycorrhizae in a stressed aspen stand 

The density or number of mycorrhizal root tips per 100 

cc of soil in the aspen stand was determined by averaging 

the number of mycorrhizae in each sample, after adjusting to 

a standard volume of soil (100 cc). The equation of (Tews 

and Koske 1986) was used to estimate if the minimum sample 

size (N), needed to determine the mycorrhizae per 100 cc of 
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soil, was sufficient i.e. within a certain percent (E) of 

the mean for a confidence level of 95%. For example, ina 

sample size N, the sample mean will be within E% of the 

population mean 95% of the time. 

N = _t? (cv)* where t 1.96 (95% usually acceptable) 
E E = specified accuracy 

(0.1 means st. error 

is within 10% of mean) 
CV = s,/x (st.deviation/mean) 

(coefficient of variation) 
N = sample size 

The means and standard deviations used to calculate the 

coefficient of variation are usually calculated from 

preliminary samples, which in the present study includes all 

10 samples. The equation functions for non normally 

distributed data such as VAM spores (Tews and Koske 1986) 

and has been used to determine the effect of different size 

soil cores on the mean and variation of mycorrhizal numbers 

(Alexander 1985). 

Evaluation of the abundance and frequency of mycorrhizal 
types in the soil of an aspen stand 

The term '‘abundance' is preferable to 'density' in 

ecological studies where individuals such as clonal 

organisms can not be delineated (Pielou 1974). The 

abundance of each species of mycorrhizal fungus below ground 
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was defined for this study as the average number of 

mycorrhizae in 10 samples, standardized to 100 cc of soil. 

To establish the accuracy of these abundances, the formula 

in the previous section was used to calculate the sample 

sizes required to give an accurate estimate of the 

mycorrhizae/100 cc. of soil for the dominant fungi. The 

number of samples needed to determine the proportions of 

ectomycorrhizal fungi in the soil of a small "biodiversity- 

challenged" plot, can tell us the feasibility of this method 

for larger, more complex mycorrhizal communities. 

The %* frequency of each mycorrhizal type was defined as: 

% frequency = # of samples containing fungus x 100 
total # of samples 

The % frequency of fungi fruiting in subplots has been 

used as a measure of fungal dominance (Bills et al. 1986). 

In large scale mycorrhizal studies, where large sample sizes 

are needed for good estimates of density or abundance 

(Alexander 1985), it may be more feasible to determine the 

frequency than the abundance of mycorrhizal types. 
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Horizonal distribution of mycorrhizal fungi on the plot 

The distributions of mycorrhizal fungi both above and 

below ground were compared by plotting the mycorrhizal types 

found in each soil sample on a layout of the plot at the 

respective sample sites and demarcating the fruiting areas 

of each mycorrhizal species on the same plot. The figure 

contrasts the distribution of sporocarps of species of 

mycorrhizal fungus recorded over 4 years in the aspen stand 

with the distribution of their mycorrhizae on the aspen 

roots below ground. 

Vertical distribution of mycorrhizae in the soil 

To ascertain the vertical distribution of mycorrhizae 

in the soil, each of the 10 soil samples was divided into 3 

parts by depth: 0-16 cm, 16-32 cm, and 32-48 cm. The 

‘abundance! of mycorrhizae at each depth was defined as the 

average number of mycorrhizal root tips per 100cc of soil. 

Friedman's test (Hollander and Wolfe 1973) was used to 

determine if significant differences existed in the number 

of species (species richness) and abundance of mycorrhizae 

among the 3 depths sampled. This nonparametric test is used 

for data with large variations among samples, which are 
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filtered out by ranking the samples before comparison. 

The abundance and % frequency of each mycorrhizal type 

at each depth was estimated, but the sample sizes needed to 

accurately estimate the abundance of each species at each 

depth were exceedingly large. Therefore, it was felt that 

the vertical distributions of species could not be 

interpreted in a statistically significant manner. However, 

possible trends are discussed in the results section. 

RESULTS AND DISCUSSION 

The diversity and abundance of mycorrhizal fungi in the 
aspen stand as determined by sporocarps 

Four species of ectomycorrhizal fungi fruited on the 11 

x 20 m. plot within the aspen stand from 1990 to 1993. 

Inocybe lacera (Fr:Fr) Kummer var. lacera (Fig. 5a), and 

Laccaria laccata var. pallida (Peck) Peck (Fig. 5b) fruited 

regularly each spring and early summer all 4 years. Groups 

of 30 to well over 100 sporocarps of these 2 species were 

estimated on the plot each year (Table 2). Sporocarps 

occurred particularly in the barren sandy washes on the 

northern edge of the clone, often beyond the canopy zone. 

In 1992, one fruit body of Paxillus vernalis Watling (Fig. 

5b) occurred on the northern edge of the plot; it was not 
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observed fruiting in 1990, 1991, or 1993. Paxillus fruit 

bodies are remarkably durable, and it is unlikely additional 

sporocarps were overlooked. Tricholoma scalpturatum (Fr.) 

Quél. (Fig. 5c) did not fruit until the fourth year of the 

study (1993) when 2 small groups of sporocarps were produced 

in the grass understory within the canopy zone of the aspen 

stand. 

1991 1992 

Inocybe lacera KKK kK 

Paxillus vernalis - * - 

Tricholoma scalpturatum - - ax 

k*eK kkk kk 

  

kkk = OVer 30 Sporocarps/year * = 1 sporocarp/year 
** = 2-10 sporocarps/year - = no sporocarps/year 

Table 2. Abundance of ectomycorrhizal sporocarps fruiting 
on a stressed aspen site from 1990-1993. 

Precipitation was above normal in the Butte area in 

1992 and 1993 (Fig. 1). As a result, nearly ideal fruiting 

conditions prevailed, which should have resulted in maximum 

sporocarp production during the study. Even so, the 

diversity (species richness) of ectomycorrhizal fungi which 

fruited in the stand was low, with only two or three species 

fruiting each year, regardless of rainfall. In the larger, 
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Fig. 5. Sporocarps of species of ectomycorrhizal fungi which 
fruited in the disturbed aspen stand. a. Inocybe lacera, b. 
Paxillus vernalis, c. Tricholoma scalpturatum, and d. 
Laccaria laccata. 
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older aspen clones in the Butte area, the number of species 

did increase in 1993, reflecting the increased precipitation 

(Fig. 2 & 3). Not much is known about how often 

ectomycorrhizal fungi might fruit in xeric areas, such as 

the western U.S., and this study suggests that some species 

may fruit more regularly than others. Two species fruited 

every year on the plot (I. lacera, and L. laccata). 

However, 2 other species were more sporadic in their 

fruiting efforts (P. vernalis, and T. scalpturatum), and it 

is difficult to say if these latter species would have been 

represented above ground with a different set of 

environmental conditions. In a previous 3 year study, the 

rarity of species of Hebeloma in aspen stands of 

southeastern Idaho was puzzling since the Cortinariaceae are 

a dominant part of the aspen mycoflora (Cripps 1992). 

Following heavy rainfall in 1993, numerous species of 

Hebeloma fruited on the site. Different species of 

ectomycorrhizal fungi have different fruiting strategies, 

and it appears that some species fruit more regularly or in 

greater numbers than others. The abundance categories 

listed in Table 2 in this study were relatively consistent 

within species over the 4-year study. Bowen (1965) and 

Bryan and Zak (1961), as cited in Menge and Grand (1978) 

suggested that many mycorrhizal fungi may fruit sparingly. 

Only 50-75% of the species tabulated over 4 years 
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fruited in any one year in the stressed aspen stand. Lange 

(1978) found 21-59% of macrofungi fruited in any one year 

during a 10 year study. However, shifts in species 

composition due to succession might lower this percentage in 

a study of this length, as new species come in. It would be 

informative to compare the percentage of species fruiting 

annually in a stressed aspen stand with more productive 

aspen stands of higher diversity, with optimum fruiting 

conditions. 

If the dominance of certain ectomycorrhizal species in 

a community is predicated on the abundance of sporocarps, I 

lacera and L. laccata, are clearly the dominant fungi in the 

intensively studied aspen stand. However, biomass was not 

considered in this study, and in retrospect this would have 

been useful for examining dominance, since fruiting body 

size varied greatly among species. Species with small 

sporocarps fruited more frequently and species with larger 

sporocarps fruited less frequently. Paxillus sporocarps 

are much larger than those of the other species. When one 

calculates the weight by averaging 10 dried sporocarps of 

each species, dried sporocarps of Paxillus are 20 times 

heavier than those of Inocybe, and 4 times heavier than 

those of Laccaria. Hering (1966) discussed the possibility 

of defining "dominant fungi" as those which ranked highest 

in biomass multiplied by number of fruiting bodies. This 
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measure, which takes both parameters into account, may be a 

more reasonable assessment of dominance than one which 

considers either numbers or the biomass of sporocarps alone. 

If dominance is defined in this manner, Paxillus might also 

be considered a dominant fungus in the aspen stand, even 

though only one fruiting body occurred in 4 years. 

The cumulative number of species tallied over 4 years 

gave a more complete picture of the mycorrhizal community of 

the aspen stand than annual data. In another type of study, 

the cumulative number of fruit bodies in Douglas Fir stands 

over several seasons have been shown to correlate better 

with the number of mycorrhizae/100 cc of soil (Jansen 1991). 

Cumulative values over several years, whether of species or 

number of sporocarps, are often a better representation of 

macrofungi than annual figures. 

There are several possible reasons for the low 

diversity of fungi in the aspen stand examined. Low 

diversity may simply be a function of the limited size of 

the stand. Allen (1991) suggests that the diversity of VAM 

fungi in arid habitats may be limited by the size of the 

plant, much as island size can affect diversity. Secondly, 

the age of the aspen clone may be an influence. The average 

age of the older boles in the stand is 37 years, and 

therefore the stand is neither immature nor over-mature. 

Both of these conditions might limit the number of fungal 
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symbionts. The xeric nature of the southwest-facing 

hillside, with its poor, acidic soil exposed to previous 

smelter pollution, fits Ingleby et al.'s (1985) definition 

of "sites of derelection". Ingleby et al. found the 

diversity of ectomycorrhizal fungi associated with birch on 

derelict sites was low, and the few species which did exist 

in these areas were those tolerant of the harsh conditions. 

Three of the 4 species which fruited in the aspen stand (I. 

lacera, P. involutus, and L. laccata) are in ectomycorrhizal 

genera considered to be early colonizers in the succession 

of mycorrhizae on a host (Mason et al. 1984; Dighton et al. 

1986; Last et al. 1987). These genera typically associate 

with trees less than 14 years old, and are also found in 

disturbed, often acidified areas, where the succession of 

mycorrhizae has been affected or arrested by soil or other 

abiotic conditions (Fleming et al. 1985; Dighton et al. 

1986). Gouchenaur (1981) described the changes in fungal 

communities due to disturbance, including 1) reduction in 

diversity, and 2) a change in species composition to more 

tolerant species, i.e. the generalists of disturbed sites. 

A majority of the ectomycorrhizal species in the aspen stand 

fit this definition. 

Inocybe lacera is often indicative of acidic, nutrient 

poor sites (Derbsch and Schmitt 1987; Kuyper 1986) and coal 

spoils (Schramm 1966) and is an early colonizer with birch 
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(Fox 1983, 1986). Inocybe lacera is characteristically 

associated with aspen in smelter-affected areas of Montana, 

near Butte and Anaconda, and is uncommon in older, more 

productive aspen stands (Cripps and Miller 1993). 

Laccaria laccata is an early-stage mycorrhizal fungus 

(Fleming et al. 1985) as are most species of Laccaria 

(Gardner and Malajczuk 1988; Mason et al. 1984; Last et al. 

1987; Fox 1986). Laccaria laccata is common in aspen stands 

in the disturbed Butte-Anaconda area, and appears to be 

uncommon with aspen in undisturbed habitats (Cripps and 

Miller 1993). 

At least some strains of Paxillus involutus (Batsch: 

Fr.) Fr., a species closely related to P. vernalis (Watling 

1969), prefer somewhat acidic and xerothermic soils (Derbsch 

and Schmitt 1987; Kreisel 1987). It is considered somewhat 

of an early colonizer (Dighton et al. 1986) and often 

prefers disturbed ground (Laiho 1970). Sporocarps of P. 

vernalis are extremely common with aspen in the Butte- 

Anaconda area and are also widely distributed with aspen in 

Montana and Idaho under many conditions. 

The occurrance of Tricholoma scalpturatum in the 

western U.S. is less well-known. It occurs with Populus 

tremuloides, P. deltoides Bartr. ex Marsh, and other Populus 

and Salix species. It is the Tricholoma most commonly 

associated with the Salicaceae in Montana and Idaho (Cripps, 
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unpublished). Fleming et al. (1985) have suggested that 

Tricholoma spp. are intermediate in succession, although 

little is known about their ecological preferences. The 

mycorrhizae of T. scalpturatum were identified to genus 

before the sporocarps were seen in this study. 

The evidence of mycorrhizal fungi below ground: the 
diversity of mycorrhizal types 

Eight types of mycorrhizae were distinguished in the 10 

soil samples taken from the plot (Table 3). Four types were 

identified as species of ectomycorrhizal fungi which fruited 

on the plot: Type I = Inocybe lacera, Type II = Paxillus 

vernalis, Type III = Tricholoma scalpturatum, and Type IV = 

Laccaria laccata. Type V mycorrhizae were originally 

thought to be a separate type, but on further examination, 

they were found to be older, darker mycorrhizae of P. 

vernalis, so both groups were pooled under Type II. The 

morphology of Type VI is similar to that of Cenococcum, a 

Gistinctive taxon that does not form fruiting bodies, 

although it can form sclerotia in the soil. Type VII is 

designated here as Popularhiza sp., using terminology coined 

by Agerer (1990) for mycorrhizae which are found on a 

specific tree, but have not been correlated with a fungal 

species. The appearance of rare clamp connections confirms 
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that it is a basidiomycete. Type VII typically occurs in 

the top layer of soil associated with decayed wood. Types 

XIII and IX are ectomycorrhizae of 2 fungi which fruited in 

the small ravine beyond the southern boundary of the plot, 

Hebeloma mesophaeum, and Hebeloma sp., respectively. 

The evidence which supports the identification of each 

mycorrhizal type is listed in Table 3. The column labeled 

"In vitro syntheses" refers to syntheses of cultured fruit 

bodies from the Butte area and aspen seedlings (Cripps 1992, 

Cripps and Miller 1995), which were compared to natural 

mycorrhizae. Mycorrhizae from the plot were also compared 

to published descriptions of mycorrhizae at either the 

generic (i.e. a Tricholoma-type mycorrhizae) or species 

level, and this is indicated in the "morphology" column, 

with references provided in the text. "RFLP analysis" 

refers to a comparison of the banding pattern of the DNA of 

sporocarps and mycorrhizae, and "+" implies similarity. 

The "RFLP" column summarizes Figures 6-8. "Natural 

mycorrhizae", are those which occur on the Butte site, 

usually near the plot, in conjunction with fruiting bodies 

of the species indicated. On this stressed, and 

"biodiversity-challenged" site, it is often possible to find 

isolated fruitings associated with only one type of 

mycorrhiza. This may be the weakest kind of evidence, and 

circular in logic; however, the field evidence is striking 
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where fruiting bodies of only one species occur with one 

prolific type of mycorrhizae. 

mycorrhizal type in vitro morphology RFLP natural 
theses enus analysis orrhiza 

I: In lacera + + + + 

II: Paxill. vernalis + + + + 

III: T. scalpturatum + + + + 

IV: Laccaria laccata ? 

VI: Cenococcum-t - 

VII: hiza . - 

VIII: H. mes - + + - 

IX: Hebeloma sp. - + - - 

  

Table 3. Evidence supporting the identification of 
mycorrhizal types I-IX. Natural mycorrhizae were compared 
to synthesized ("in vitro") mycorrhizae from tissue isolates 
of sporocarps from the Butte area, and aspen seedlings. 
"Morphology" compares Butte mycorrhizae to published 
descriptions, references are in the text. RFLP analysis 
matches the DNA of sporocarps and mycorrhizae from the plot. 
Types were compared to "Natural mycorrhizae" from beneath 
fruit bodies. 

The morphology of Type I mycorrhizae matches that of in 

vitro syntheses of I. lacera and P. tremuloides (Cripps 

1992; Cripps and Miller 1995) and Betula pendula Roth. 

(Ingleby et al 1990), and conforms to descriptions of 

naturally occurring I. lacera and pine mycorrhizae (Chu-chou 

and Grace 1983; Schramm 1966). Inocybe lacera fruited in 

the plot, as well as on other areas of the Butte site, and 

this mycorrhizal type was typically present below the 
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fruiting bodies of I. lacera in isolated areas. The smooth 

mantles contain hyphal cells with simple septa which stain 

dark blue in lactophenol cotton blue (Fig. 9) as found in I. 

lacera-birch mycorrhizae (Ingleby et al. 1990). Buckle 

clamps on the sparse extramatricular hyphae, and 90° or Y- 

branching help identify this type as an Inocybe mycorrhiza 

(Ingleby et. al. 1990). RFLP analysis using three 

different endonucleases (RSA I, Ala I, and Hin f) matched 

mycorrhizal Type I with flesh samples from sporocarps of I. 

lacera collected on the plot (Figs. 6-8). 

The morphology of Type II mycorrhizae is similar to 

mycorrhizae synthesized with P. vernalis and aspen in vitro 

(Cripps 1992; Cripps and Miller 1995), and P. involutus 

with alder (Miller et al. 1991). The brown mottled staining 

or bruising of the light yellow-brown mantle, and the yellow 

refractive contents of some mantle cells are distinctive 

(Fig. 10). Type II mycorrhizae are similar to P. involutus 

mycorrhizae on birch (Ingleby et al. 1990), Picea abies (L.) 

Karst. (Agerer 1990), and aspen (Godbout and Fortin 1985). 

P. involutus is closely related to P. vernalis and is 

typically found on hosts other than aspen. The rhizomorphs 

of Type II mycorrhizae produced the same banding pattern as 

the flesh of P. vernalis sporocarps, using RFLP analysis 
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Fig. 6. ITS-RFLP analysis with endonuclease Hin F of 5 

mycorrhizal types and 4 sporocarps of ectomycorrhizal fungi 

from the aspen stand, plus Hydnellum suaveolens as a control. 

Bands for sporocarps of Inocybe lacera matched Type I, 

Paxillus vernalis matched Type II, and Tricholoma scalpturatum 

matched Type III. Type IV may be two genomes, one matching 

Laccaria laccata. Type A mycorrhiza definitely does not match 

any of the sporocarps, but is a basidiomycete (Bruns, pers. 

comm. ). 
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Fig. 7. ITS-RFLP analysis with endonuclease Ala I of 5 

mycorrhizal types and 4 sporocarps of ectomycorrhizal fungi 

from the aspen stand, plus Hydnellum suaveolens as a control. 

Bands for sporocarps of Inocybe lacera matched Type I, and 

Paxillus vernalis matched Type II. No bands were produced for 

sporocarps of Tricoloma scalpturatum. Type IV may be two 

genomes, one matching Laccaria laccata. Type A definitely 

does not match any of the sporocarps, but is a basidiomycete 

(Bruns, pers. comm.). 
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Fig. 8. ITS-RFLP analysis with endonuclease RSA I of 5 

mycorrhizal types and 4 sporocarps of ectomycorrhizal fungi 

from the aspen stand, plus Hydnellum suaveolens as a control. 

Bands for sporocarps of Inocybe lacera matched Type I, and 

Paxillus vernalis matched Type II. No bands were produced for 

sporocarps of Tricholoma scalpturatun. Type IV may be two 

genomes, one matching Laccaria laccata. Type A definitely 

does not match any of the sporocarps, but is a basidiomycete 

(Bruns, pers. comm.). 
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with 3 different endonucleases (Figs. 6-8). Paxillus 

vernalis fruited prolifically on the Butte site, and this 

type of mycorrhiza often occurred beneath the fruit bodies. 

Tricholoma scalpturatum is the only Tricholoma that 

fruited on the plot, and Type III mycorrhizae were similar 

to those synthesized in vitro with P. tremuloides and T. 

scalpturatum (Cripps, unpublished), although the synthesized 

mycorrhizae were not in large, agglutinated masses typical 

of the naturally occurring form, a striking difference. 

Type III mycorrhizae have dense, interconnected rhizomorphs 

with a broad mantle connection characteristic of Tricholoma 

rhizomorphs (Agerer 1990). Type III mycorrhizae are similar 

to sporocarps of T. scalpturatum with the endonuclease Hin f 

using RFLP analysis (Fig. 6). No banding occurred with 

endonucleases Ala I and RSA I in the sporocarp sample, due 

to enzyme problems and the tests were not repeated (Figs. 7 

and 8). Naturally occurring mycorrhizae similar to Type III 

occurred below fruit bodies of T. scalpturatun. 

Laccaria laccata fruited prolifically on the plot, and 

Type IV mycorrhizae were abundant below isolated fruit 

bodies. Type IV is similar to descriptions of other 

Laccaria mycorrhizae, particularly in mantle structure. It 

is similar in color to L. proxima (Boud.) Pat., and L. 

tortilis (Fr:Fr.) Gillet (Ingleby et al. 1990) mycorrhizae, 

and differs in color from the violet L. amethystina (Bolt.) 
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Murr. (Agerer 1990) and L. bicolor (R. Mre.) Orton (Godbout 

and Fortin 1985) mycorrhizae. Laccaria laccata-aspen 

mycorrhizae were a red-brown or pinkish color, similar to L. 

laccata-alder mycorrhizae (Miller et al. 1991). RFLP 

analysis was not totally definitive (Figs. 6-8). One 

possible interpretation of the banding pattern produced by 

Type IV mycorrhizae is that the sample consisted of 2 

genomes, one matching that of L. laccata, and another of an 

unknown type; this was consistent for all three 

endonucleases utilized. 

Type VI mycorrhizae were identified as a "Cenococcum" 

type of mycorrhiza, even though the mantle cells were 

epidermoidal (Fig. 13), and not of the typical star-shaped 

pattern expected for Cenococcum, for the following reasons: 

in vitro synthesis of aspen and a culture of Cenococcum 
  

geophilum produced the characteristic star-pattern typical 

of Cenococcum mantle cells and an epidermoidal pattern in 

parts of the mantle (Cripps 1992; Cripps and Miller,in ed.). 

This suggests that the epidermoidal pattern may be a younger 

developmental stage of Cenococcum, with the star-pattern 

forming later, at least for aspen. True Cenococcum 

geophilum mycorrhizae, with the characteristic mantle 

pattern of radiating cells were found on aspen roots on the 

study site but off the plot, indicating it is mycorrhizal 

with aspen in the Butte area. It should be noted, however, 
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that emanating bristles were sparse in Type VI, compared to 

typical Cenococcum mycorrhizae (Agerer 1990, Ingleby et al. 

1990), although this could be due to the young age of the 

Butte mycorrhizae. Godbout and Fortin's (1985) description 

of Cenococcum and P. tremuloides mycorrhizae does not note a 

star-pattern of the mantle cells, but it has been described 

for Salix by Lihnell (1942). 

Type VII mycorrhizae typically occurred in surface cores 

(0 - 16 cm) and were frequently associated with decomposing 

wood. Type VII mycorrhizae do not correlate with sporocarps 

found on or near the plot. It is, however, similar to types 

of Fagirhiza spinulosa described by Agerer (1990) and Type 

ITE.5 found on birch and spruce by Ingleby et al (1990). 

Interestingly, none of these similar types have been 

correlated with fruiting bodies of any known mycorrhizal 

fungus. Type VII is therefore designated as Popularhiza sp. 

1 after the method of Agerer (1990) for unknown mycorrhizae. 

RFLP analysis did not match this mycorrhizal type with any 

of the sporocarp samples (Figs 6-8). However, the fact that 

it produced bands categorizes it as a basidiomycete (Gardes 

and Bruns 1993b), as does the rare occurrence of clamps in 

the mantle. 

Hebeloma mesophaeum (Fr.) Quél. fruited near the plot, 

and mycorrhizal Type VIII was the sole mycorrhizal type 

beneath fruit bodies on several occasions. Type VIII 
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matched descriptions of H. mesophaeum and birch mycorrhizae 

(Ingleby et al. 1990), except the aspen variety was a 

brighter yellow. The yellow velar material found on 

sporocarps of H. mesophaeum var. aspenicola is similar in 

color. Particularly distinctive are the copious light 

yellow, thin-walled extramatricular hyphae with clamp 

connections, interspersed with occasional ornamented thick 

walled, dark yellow extramatricular hyphae as described by 

Ingleby et al. (1990). Type VIII mycorrhizae and fruiting 

bodies of H. mesophaeum were not subjected to RFLP analysis. 

Mycorrhizae matching the description of Type IX were 

found in conjunction with fruiting bodies of an unidentified 

Hebeloma which fruited just south of the plot. The 

morphology of Type IX is typical of a Hebeloma, with its 

thin incomplete mantle and silky rhizomorphs (Agerer 1990). 

RFLP analysis was not performed on Type IX. 

In summary, the RFLP analyses of the PCR amplified ITS 

region of the nuclear ribosomal repeat unit using three 

different endonucleases (Hinf, RSA I, and Ala I) are shown 

in Figs. 6-8. Bands produced by samples of the dried flesh 

of I. lacera (sporocarp), P. vernalis (rhizomorphs), T. 

scalpturatum (sporocarp), and L. laccata (sporocarp) matched 

those of bands produced by a fresh mycorrhiza of Types I, 

II, III, and IV, respectively. Inocybe lacera and P. 

vernalis sporocarps matched Types I and II in all 3 tests. 
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Tricholoma scalpturatum matched Type III in one test, but 

no bands were produced in 2 of the sporocarp samples because 

of enzyme problems. Possibly 2 genomes were present in Type 

IV mycorrhizae, with one probably matching sporocarp samples 

of L. laccata or extra bands are artifacts. Mycorrhizal 

Type VII did not match any of the sporocarp samples tested, 

but produced bands on the gel, suggesting it is a 

basidiomycete since the test is selective for this group of 

fungi (Gardes and Bruns 1993b). Samples of Type VI, VIII, 

and IX were not tested, nor were sporocarps of Hebeloma 

mesophaeum and H. sp. included in the analysis. RFLP 

analysis supports previous identifications of Types I, II, 

III, and IV determined with morphological, anatomical, and 

chemical information. 

A key to the mycorrhizal types is followed by 

descriptions of each type using Agerer's (1990) checklists. 

Starred (*) types are described in Cripps and Miller (in 

ed). Unstarred types are described after the key, and a 

diagnosis precedes each longer description. A discussion of 

the diversity of ectomycorrhizal fungi in the soil of the 

aspen stand follows the descriptions. 

66



A key to mycorrhizae on Populus tremuloides. 

1. 

1. 

2. 
2. 

3. 

3. 

10. 

10. 

mantle black or dark brownish black.......... ec cece eee 222 
mantle lighter COlOred..... cece ccc cree cece eee eee nese ed 

mantle smooth, emanating hyphae absent...........Type VII 
mantle rougher, emanating hyphae present (or sparse)....3 

mantle cells in radiating star-pattern........ Cenococcum* 
mantle cells epidermoidally-shaped................Type VI 

rhizomorphs absent (strands or sparse extramatricular 
hyphae may be present)... .. ccc e ccc wcrc ccc cece r cc ccrececs 5 
rhizomorphs or copious extramatricular hyphae present 
(collecting method may remove rhizomorphs in Paxillus)..7 

mantle smooth, waxy, pale brown, extramatricular hyphae 
absent or sparse and then with buckle clamps; thick septa 
in outer mantle cells darken in lactophenol cotton blue; 
cells with oily contents in inner mantle...Inocybe lacera 
mantle white, velvety, due to cystidial-like hairs, thin 
mycelial strands may be present.......... cece cree eves 22 66 

clamps present (may be rare) in localized areas of outer 
mantle and in thin strands...Amanita muscaria v. formosa* 
Clamps absent... ..cccecccccvccscece ..- Amanita pantherina* 

mantle white when young, bruising brown, finally totally 
brown, fibrous; clamped rhizomorphs present, or absent 
due to collecting method; occasional cells with yellow 
refractive contents in inner mantle.....Paxillus vernalis 
mantle not distinctly bruising/spotting brown...........8 

mantle basically white and remaining SO........cccee eee eD 
mantle with pale yellow or with faint pink/red tones...10 

dense clusters of mycorrhizae and stringy rhizomorphs in 
masses to 1 cm across with agglutinated soil; rhizomorphs 
without clamps, blacken in KOH....Tricholoma scalpturatum 
mycorrhizae not in large clumps; mantles thin, patchy; 
rhizomorphs silky, with numerous clamps...... Hebeloma sp. 

pale yellow mantles with copious cottony to woolly 
extramatricular hyphae of two types: golden with thick, 
ornamented walls, and pale yellow with smooth walls..... 
wc ee rece merce weer eve e nec ce ses ee vee e -HEDELOMAa mesophaeum 
pale to darker red brown mycorrhizae with overlay of 
white to pink hyphae; rhizomorphs with (rare) clamps; 
mantle cells with red brown contents....Laccaria laccata 
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Descriptions of natural mycorrhizae on Populus tremuloides 

Type I: Inocybe lacera (Fr.:Fr.) Kummer 

DIAGNOSIS: smooth, pale yellow-brown, translucent 
mycorrhizae with a waxy surface; no rhizomorphs; if 
extramatricular hyphae are present, they support numerous 
buckle clamps; inner mantle cells with amorphous refractive 
oily contents; outer mantle of short rectangular cells and 
hyphae with Y or 90° branching; hyphal walls thickened in 
groups of cells; some septa darkening in cottonblue. 

MORPHOLOGY (Figs. 9a, 17a) 
Mycorrhizal system predominantly simple (unramified), 
occasionally flexuous pinnate; ramified system 1-2.5 cm 
long, unramified system 0.5-2 mm (-10 mm) in length and 
0.25-.40 mm in diameter, axes diameter 0.2-0.3 mn, 
unramified tips tapering at both ends and with short 
protruding side branches or bumps (tuber-like); mantle 
surface distinct, often thin, dull or somewhat shiny, 
smooth, pale-yellow brown, or giving the impression of gray 
in artificial light; no rhizomorphs, occasional 
extramatricular hyphae that are crooked with numerous buckle 
clamps. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 9d) Pseudoparenchymatous, or 
plectenchymatous, of thin-walled rectangular to irregular 
cells, 5-15 um long and 3-4 um wide, thin-walled cells 5-15 
um long and 3-4 wm wide, often parallel to each other; 
hyphae branch at 900 or in Y-shape. 
INNER MANTLE: (Fig. 9c) Pseudoparenchymatous, of rectangular 
or squarish or irregular cells, some parallel, cells 4-8 um 
by 2-3 wm with smooth, thin walls, occasionally with thicker 
walls. 
NO RHIZOMORPHS 

EMANATING HYPHAE: (Fig. 9b) Occasional extramatricular 
hyphae, not truly emanating, hyphae 2-3 um wide by 30-70 um 
long, flexuous, with prolific buckle clamps. 

CHEMICAL REACTION IN DIFFERENT REAGENTS 

brilliant cresyl-blue, -; ethanol, -; FeSO,, -~; 3% KOH, -; 
lactic acid, -; Melzer's, -; phenol, -; sudan black, -; 
ammonia, -, cotton blue, darkens some septa. 

HARTIG NET: present (Fig. 18a). 
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Type II: Paxillus vernalis Watling 

DIAGNOSIS: mycorrhizae, rough-fibrous, white mottled with 
brown when young, yellow-brown, or brown in age; rhizomorphs 
prominent and robust or absent (depending on collecting 
technique), with descending branching; hyphal wefts and 
sclerotia often present; groups of mantle cells with yellow, 
refractive contents; contents more distinct in KOH or lactic 
acid. 

MORPHOLOGY (Figs. 10a, 17b) 
Mycorrhizal system typically monopodial pinnate, branching 
distinctively in the same plane, or irregular pinnate and 
tips parallel; ramified system 0.5-1.2 cm; unramified system 
1-2(-3) mm x 0.3-0.4 mm wide with bent or flexuous tips, 
axes diameter 0.4-0.5 mm.; mantle surface distinct or 
patchy, however mottled appearance is due to staining; 
mantle surface silvery, fibrous, white when young, bruising 
brown in patches, with a mottled appearance, finally brown. 
Rhizomorphs rare abundant and robust; mycorrhizal tips most 
often without rhizomorphs in this study due to collecting 
method; dense nests of large rhizomorphs occasionally 
present; rhizomorphs on tips or from other areas of the 
mantle; connection constricted, white in youth, brown in 
age, sparsely to highly branched, margin with hyphae 
branching off (Fig. 10b), round in cross-section; occasional 
extramatricular hyphae emanating from mantle; brown 
sclerotia and hyphal wefts with older brown mycorrhizal 
tips, absent from young white mycorrhizae. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 10d) Plectenchymatous to transitional 
type, no hyphal pattern, occasional cells with yellow 
refractive contents which are highlighted in KOH or lactic 
acid; cells hyphal-like to irregular, 10-30 x 5-6(-10) um, 
walls smooth, somewhat thickened, clamps present. 
INNER MANTLE: (Fig. 10c) Transitional between 
plectenchymatous and pseudoparenchymatous, no hyphal 
pattern; occasional cells with yellow refractive contents; 
cells hyphal-like to irregular, 10-50 um x 4-5 pm, walls 
thickened. 
RHIZOMORPHS: connection to mantle restricted, descending 
ramification from smooth robust branches to smaller branches 
with hairy margins; up to 10-60 wm in diameter; hyphal 
elements clamped and parallel, no vessel-like hyphae noted, 
remaining hyphae 4-5 x 10-50 wm, cell walls thickened. 
EXTRAMATRICULAR HYPHAE: rare, clamped. 
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Fig. 10. Natural mycorrhizae of Paxillus vernalis and 
Populus tremuloides. a. morphology, b. rhizomorphs, c. 

lower bar inner mantle, d. outer mantle. Upper bar 
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CHEMICAL REACTION IN DIFFERENT REAGENTS 
brilliant cresyl blue, -; cotton-blue-lactic acid, blue 
contents ina few cells, ethanol, -; FeSO,, -; 3% KOH, 

highlights yellow refractive cells, Melzer's, -; phenol, -; 
sudan black, -. 

HARTIG NET: present (Fig. 18b) 

Type III: Tricholoma scalpturatum (Fr.) Quél. 

DIAGNOSIS: dense "nests" of white, stringy, rhizomorphs with 
mycorrhizal tips protruding from the mass; cell walls of 
rhizomorphs blacken in KOH or ammonia. 

MORPHOLOGY (Fig. lla, 17c) 
Mycorrhizal system clusters of tips, agglutinated by 
numerous sticky rhizomorphs, in loose masses up to 1 cm 
across, incorporated with quartz, mica, and gray 
sediment(clay); ramification of individual tips, monopodial 
irregular, 1-2 mm x 0.3-0.6 mm, with straight or bent ends; 
mantle surface distinct but thin in areas particularly at 
tips, dense rhizomorphs obscure proximal ends; mantle 
texture stringy, all parts basically white, tips pale 
yellow-brown where mantle thins; rhizomorphs frequent, in 
dense stringy masses, flat, highly ramified and 
anastomosing; hyphal fans with hairy margins, and smooth 
round rhizomorphs also present. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

SURFACE MANTLE: (Fig. 11c) plectenchymatous, obscure net 
pattern; hyphal cells branch in Y pattern; no clamps 
present. 
INNER MANTLE: (Fig. 11d) tightly woven plectenchymatous, no 
apparent pattern, hyphal width uniform; cells 10-40 um long 
x 3-5 um wide; cell walls somewhat thickened; no clamps 
present. 
RHIZOMORPHS: (Fig. 11b) of anastomosing filaments or smooth 
and branched, 10-50 wm in diameter, of parallel agglutinated 
hyphae, clamps absent; vessel-like hyphae, 10 pum in 
diameter, walls 1 um thick, septa rare; remaining hyphae 60- 
100 pm x 4-6 pm, cell walls thickened, septa at in groups at 
intervals, some cells with contents; margins hairy or 
smooth. 

CHEMICAL REACTION IN DIFFERENT REAGENTS 

Cotton blue lactic acid, blue contents in some cells; 
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Fig. 11. Natural mycorrhizae of Tricholoma scalpturatum and 
Populus tremuloides. a. morphology, b. rhizomorph, c. outer 
mantle, and d. inner mantle. Upper bar = 1 mm, lower bar = 
10 pm. 
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ethanol, cells with contents in rhizomorphs yellow; FeS0O,, 
cell walls of rhizomorphs blacken (not mantle); 3% KOH, some 
cells in rhizomorphs yellow-brown (not in mantle); Melzer's, 
-; phenol, -; ammonia, rhizomorph cell walls darken; sudan 
black, -. 

HARTIG NET: present (Fig. 18c). 

Type IV: Laccaria laccata var. pallidifolia (Peck) Peck 

DIAGNOSIS: mantle fibrous, red-brown with overlay of silvery 
whitish pink hyphae; mantle cells with red-brown amorphous 
contents; rhizomorphs present, with rare clamps. 

MORPHOLOGY (Fig. 12a, 17d) 
Mycorrhizal system with simple ramification simple or 
monopodial pinnate, flexuous; ramified system -1.5 mm long, 
umramified system 0.5-3.0 mm x 0.25-0.40 mm; unramified ends 
straight when young, bent or flexuous later, often 
constricted at proximal end, a few indistinctly beaded or 
lumpy; mantle distinct, dull with silvery patches, texture 
coarse fibrous; extramatricular hyphae woolly, whitish to 
pinkish in surface layer, darker red-brown in deeper layers; 
older mycorrhizae and tips red-brown; rhizomorphs common to 
occasional, along mycorrhizae, but not typically from the 
tip, connection constricted, white with pink hue which 
darkens in age to red-brown, 1-3 um in diameter, of 
branching interconnected filaments with hairy margins, 
mostly flat; loose, cottony wefts between mycorrhizae. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 12d) plectenchymatous; cells hyphal- 
like, (5)10-40 um x 4-5 pm, contents red-brown and somewhat 
refractive; cell walls thickened, and smooth. 
INNER LAYER: (Fig. 12c) transitional, of hyphal-like 
irregular cells, 5-25 um x 3-5 wm; cell contents of red- 
brown amorphous refractive globules; cell walls thickened 
and slightly refractive. 
RHIZOMORPHS: (Fig. 12b) with descending branching of 
interconnected filaments, margins hairy, 10-20 um in 
diameter, no vessels; mantle connection frequently 
constricted; hyphae within rhizomorph parallel, 
agglutinated, not anastomosed, clamps rare (along hairy 
margins); cells, 10-40 wm x 2-4 wm wide, walls thickened. 
EXTRAMATRICULAR HYPHAE: in cottony wefts, cells up to 100 um 
x 4-5 pm, walls thickened and smooth. 
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COLOR REACTION IN CHEMICAL REAGENTS 

brilliant-cresyl blue, refractive material darkens; cotton 
blue lactic acid, -; 70% ethanol, red-brown refractive 
pigment more obvious, FeSO,, -; 3% KOH, -; Melzer's, -; 
phenol, -; sudan black, -; ammonia, -. 

HARTIG NET: present (Fig. 18d). 
CROSS SECTION: numerous collapsed refractive calyptra cells 
along total of root-mantle interface. 

Type V: same as Type II, see Paxillus vernalis 

Type V, originally described as a yellow-brown or brown 
mycorrhiza with large rhizomorphs, was determined to be an 
older stage of Type II, originally described as whitish with 
brown stains. Both types are described under Type II. 

Type VI: Cenococcum-type 

DIAGNOSIS: black mycorrhizae, or as patches of black 
mycelium along larger roots; mantle thin, extramatricular 
hyphae straight or slightly kinky; mantle pattern 
epidermoidal. 

MORPHOLOGY (Fig. 13a, 17e). 

Mycorrhizal system with simple ramification, existing mainly 
as patches of fungal tissue on main roots, unramified system 
1-1.5(2) mm long and x 15-25 um in diameter, flexuous to 
tortuous; mantle surface typically not distinct, patchy, 
cortical cells visible, especially at tip; all parts dull 
black, emanating hyphae not bristly or kinky as in 
Cenococcum, but straighter. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 13c) plectenchymatous, indistinct net 
pattern, hyphae often running parallel (no star-shaped 
pattern); cells hyphal-like or rectangular or irregular, 5- 
40 pm long x 2-2.5 um in diameter (narrow), contents brown; 
hyphal ends break off squarely; cell walls thick, smooth, 
dark-colored. 

INNER LAYER: (Fig. 13d) transitional, no pattern, of 
epidermoidal or puzzle-like irregularly shaped cells, 5-20 
pm x 2-4 um, with brown cell contents, cell walls thickened, 
dark-colored. 
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Fig. 13. Natural mycorrhizae of Cenococcum-type and Populus 
tremuloides. a. morphology, b. ornamented extramatricular 
hyphae, c. outer mantle, d. inner mantle. Upper bar = 1 mn, 
lower bar = 10 mm. 
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NO RHIZOMORPHS. 

EMANATING HYPHAE: (Fig. 13b) sparse, 2.5 um wide; walls 
thickened and rough; hyphae break off squarely at ends. 

CHEMICAL REACTION IN DIFFERENT REAGENTS: no chemical 
reactions performed, hyphae and cell contents too dark to 
discern results of reactions. 

HARTIG NET: present (Fig. 18e). 

TYPE VII: Popularhiza sp.: a basidiomycete. 

DIAGNOSIS: robust, smooth black or dark brown mycorrhizae 
with lighter tips, rhizomorphs and emanating hyphae absent, 
occasional setae-like cells with clamps at base in younger 
mycorrhizae; inner mantle cells larger than for other aspen 
mycorrhizae. 

MORPHOLOGY (Fig. 14a, 17f). 
Mycorrhizal system with ramification simple, monopodial 
irregular, or pinnate; ramified system 1 cm (-2 cm) long, 
unramified system 1-3(-4) mm long and 0.4-0.6 mm wide, ends 
straight or bent, side branches common and nearly at right 
angles to main axis, tapered at apex, constricted at 
proximal end; mantle smooth, shiny, black, with light tips; 
on compound systems, younger mycorrhizae are white and 
gradually darken to black, the typical condition; 
rhizomorphs and emanating hyphae absent. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 14c) plectenchymatous to transitional 
type, pattern absent, some hyphae parallel; cells 
rectangular to irregular, 10-40 wm x 3-5 um with brownish 
contents; cell walls irregularly thickened, black, smooth; 
Clamps absent or rare. 

INNER MANTLE: (Fig. 14d) pseudoparenchymatous, of large 
angular to rounded irregular cells, 5-30 pm x 5-10 um, walls 
thickened. 
RHIZOMORPHS: none 
EMANATING HYPHAE: none. 

CHEMICAL REACTION IN DIFFERENT REAGENTS 

brilliant cresyl blue, cell walls blacken; cotton blue 
lactic acid, -; 70% ethanol, -; FeS0O,, -; 3% KOH, darkens; 
lactic acid, -; Melzer's, -; phenol, -; sudan black, -. 

HARTIG NET: present (Fig. 14b, 18f). 
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Fig. 14. Natural mycorrhizae of Popularhiza sp. and Populus 
tremuloides. a. morphology, b. Hartig net, c. outer mantle, 
and d. inner mantle. Upper bar = 1 mm, and lower bar = 1 un. 

79



Type XIII: Hebeloma mesophaeum (Fr.) Quel. 

DIAGNOSIS: narrow, pale yellow mycorrhizae surrounded by a 
cloud of pale yellow cottony extramatricular clamped hyphae, 
interspersed with occasional dark yellow hyphae with 
thickened, roughened walls, and numerous clamps. 

MORPHOLOGY (Fig. 15a, 179). 
Mycorrhizal system simple to irregularly pinnate, ramified 
system up to 3 cm, unramified system to 1 cm, typically 
shorter, 0.3-0.5 mm wide, unramified ends straight when 
young, then bent or flexuous; mantle surface distinct, but 
thin; extramatricular material a loose cloud of cottony pale 
yellow hyphae, with occasional strands of dark yellow 
hyphae; occasional rhizomorphs, not at tips, 15-30 um in 
diameter, smooth and round in diameter. 

MANTLE: (Fig. 15c) essentially one layer, transitional type 
between plectenchymatous and pseudoparenchymatous, no 
pattern, cells irregular to hyphal-like, 5-10 um x 3-7 pun, 
walls thin, occasional clamps. 

RHIZOMORPHS: strands of loosely parallel hyphae, up to 50 mum 
wide; cells 3-4 um wide and up to 40 wm long; hyphae loosely 
parallel, with H-shaped anastomosing, clamps abundant and 
dispersed (not at intervals, not buckle clamps). 

EXTRAMATRICULAR HYPHAE: (Fig. 15b) hyphal branching Y- 
shaped, clamps abundant (not buckle type); cells 10-80 pm x 
2.5-3(-5) wm, hyaline, walls thick, smooth, cell contents 
homogeneous blue in cotton blue; occasional strands of 
hyphae with thick, roughened walls, and clamps. 

CHEMICAL REACTIONS IN DIFFERENT REAGENTS 
brilliant cresyl blue, -; cotton blue lactic acid, -; 70% 
ethanol, -; FeSO,, -~; 3% KOH, -; lactic acid, -; Melzer's, - 
; phenol, -; cotton blue, stains contents of some emanating 
hyphae blue. 
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  1ONy a 
Fig. 15. Natural mycorrhizae of Hebeloma mesophaeum and 
Populus tremuloides. a. morphology, b. extramatricular | 
hyphae, c. inner mantle on left, outer mantle on right. 
Upper bar = 1 mm, lower bar = 10 unm. 
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Type IX: Hebeloma sp. 

DIAGNOSIS: pure silky-white mycorrhizae with thin mantle, 
and silky, clamped rhizomorphs. 

MORPHOLOGY (Fig. 16a, 17h) 
Mycorrhizal system simple to irregular, ramified system to 
1.5 cm long, unramified system 1 cm x 0.4 cm, ends bent or 
flexuous; mantle loosely silky, thin, patchy; 
extramatricular hyphae silky; all parts white and remaining 
so; rhizomorphs common, from sides of mycorrhizae, with 
restricted mantle connection, to 10 wm in diameter, of 
interconnected filaments, flattened, with hairy margins; 
hyphal fans also present, of silky, loose wefts of parallel 
hyphae. 

ANATOMICAL CHARACTERISTICS OF MANTLE 

MANTLE SURFACE: (Fig. 16d) plectenchymatous, a loose net 
pattern, Y-branching of hyphae; cells 4-5 wm wide, up to 36 
em long; cell walls smooth, thin or somewhat thickened; 
clamps common. 

INNER MANTLE: (Fig. 16c) pseudoparenchymatous, of irregular 
cells, 5-10 wm x 10-20 pm; cell walls smooth and somewhat 
thickened. 

RHIZOMORPHS: (Fig. 16b) constricted connection with mantle, 
of loosely interwoven to parallel hyphae, with frequent 
clamps, H-shaped anastomoses and Y-shaped branching, up to 
60 wm in diameter, margins hairy; no vessel-like hyphae 
noted; hyphae 4 um in diameter x 10-100 wm long, walls 
smooth and thickened. 

EXTRAMATRICULAR HYPHAE: 3-4 um x 4-100 um, hyphal walls thin 
to slightly thickened and smooth, branching in Y or H 
pattern, clamps frequent. 

CHEMICAL REACTION TO DIFFERENT REAGENTS 

no reaction to: brilliant cresyl blue, cotton blue lactic 
acid, ethanol, FeSO,, 3% KOH, lactic acid, Melzer's, phenol, 
sudan black. In cotton blue, scattered cells with blue 
contents present in rhizomorphs. 
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Fig. 16. Natural mycorrhizae of Hebeloma sp. and Populus 
tremuloides. a. morphology, b. rhizomorph, c. inner mantle, 
and d. outer mantle. Upper bar = 1 mm, lower bar = 1 unm. 
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Fig. 17. Mycorrhizal types occurring naturally with Populus 
tremuloides on a disturbed site. a. Type I = Inocybe lacera 
(X 60), b. Type II = Paxillus vernalis (X 20), c. Type III = 
Tricholoma scalpturatum (X 50), d. Type IV = Laccaria laccata 
(X 20), e. Type VI = Cenococcum-type (X 20), f. Type VII = 
Popularhiza sp. (X 20), g. Type VIII = Hebeloma mesophaeum (X 
40), h. Type IX = Hebeloma sp. (X 40). 
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Fig. 18. Cross sections of naturally occurring mycorrhizal 
rootlets from the disturbed aspen stand showing Hartig nets. 
a. Type I = Inocybe lacera, b. Type II = Paxillus vernalis, 
c. Type III = Tricholoma scalpturatum, d. Type IV = Laccaria 
laccata, e. Type VI = Cenococcum-type, f£. Type VII = 
Popularhiza sp. Magnification 250X. 
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A comparison of the diversity of ectomycorrhizal fungi above 
and below ground in a stressed aspen stand 

Only half of the total number of species of 

ectomycorrhizal fungi in the soil fruited during the 4 year 

study (compare Tables 2 and 3). The low diversity of 

species in the aspen stand, and the success in identifying 

the mycorrhizal types (over 91%), allowed an inventory of 

this type to be carried out at a species level. Six of the 

8 mycorrhizal types were represented above ground in some 

manner: 4 species fruited on the plot, and 2 species off 

the plot. Mycorrhizae of these latter 2 types were rare on 

the plot, and were not considered to be represented above 

ground for the study since they did not fruit on the plot. 

The remaining 2 types might not be expected to fruit above 

ground: a Cenococcum-type fungus which does not form 

sporocarps, and an unknown type (VII) similar to mycorrhizae 

which have been described for other trees, but not 

correlated with fruiting structures (Agerer 1990; Ingleby 

1990). Consequently, 50% of the species in the soil were 

represented above ground on the plot over 4 years. The 

cumulative number of species of mycorrhizal fungi which 

fruited over 4 years matched the fungal diversity in the 

rhizosphere better than the number of species fruiting 

annually. Assuming all 8 mycorrhizal types were present 

throughout the 4 years of the study, only 25-38% of the 
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species found in the soil fruited in any one year, and 

exceptionally high rainfall during the study should have 

optimized the correlation of the diversity above and below 

ground in the stand. The low percentage of ectomycorrhizal 

fungi fruiting annually could be typical of xeric areas, or 

unique to the Butte site. 

The species-area curve of mycorrhizal types levels off 

(Fig. 19). This indicates that the sample size was 

sufficient for discovering a majority of the mycorrhizal 

fungi (8 types) in the plot's rhizosphere. This leveling of 

the species-area curve is expected for ecosystems of low 

diversity (Pielou 1977; Tews and Koske 1986). This means 

the number of species above and below ground can be compared 

with confidence. If the present study is indicative of 

other mycorrhizal communities, it suggests that even long 

term studies of sporocarps will not reveal all the fungal 

species present, but will detect a majority of those that 

fruit regularly. If this ratio holds for larger, more 

complex systems, one could expect only 50% of the 

mycorrhizal fungi to fruit in several years. When the total 

number of mycorrhizal species is an objective of the study, 

it would be necessary to examine the mycorrhizal rootlets. 

Only half of the mycorrhizal fungi determined by RFLP 

analysis fruited in a bishop pine plantation in 2 years 

(Gardes and Bruns 1992; Gardes and Bruns 1993a), and 68% as 
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Fig. 19. Average cumulative number of ectomycorrhizal 
species (Types) in a given number of soil samples from the 
aspen stand. Cumulative numbers of mycorrhizal types were 
calculated by averaging all possible subsamples for a given 
number of samples. The curve levels off, indicating a 
majority of the mycorrhizal types on the plot were 
discovered in 10 soil samples. 
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determined by morphology in jack pine forests in Alberta 

(Danielson 1984). Other studies have described fewer types 

of mycorrhizae in the soil than species fruiting above 

ground. Gardner and Malajczuk (1988) found 8 types of 

mycorrhizae in Eucalyptus forests, where 24 species of 

epigeous and 15 species of hypogeous mycorrhizal fungi were 

recorded. Jansen (1991) recorded 6 mycorrhizal types in 

Douglas fir stands where 21 species of mycorrhizal fungi 

fruited. Eleven types of mycorrhizae existed in loblolly 

pine plantations, where 39 species of mycorrhizal fungi were 

known to fruit (Menge et al. 1977; Menge and Grand 1978). 

Discrepancies in the diversity of mycorrhizal fungi above 

and below ground may be due to 1) the composition of the 

mycorrhizal community itself (depending on the number of 

species of hypogeous fungi, the number of species which 

fruit sporadically, and the number which do not produce 

sporocarps); 2) the climatic conditions, particularly in 

xeric areas where fruiting may not be reliable; or 3) the 

method employed in distinguishing mycorrhizae, which can 

result in an underestimate of species in the soil. 

Mycorrhizal types often correlate best with genera if 

laborious molecular and morphological techniques are not 

employed. Jansen and DeNie (1988) reported 8 mycorrhizal 

types in Douglas fir plantations which correlated better 

with the 8 genera, than the 18 species which fruited. Three 
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of the mycorrhizal types were fungi which did not fruit 

during the study, so there was not a complete 1:1 

correlation between genera and types. Closely related 

species are not easily distinguished by their mycorrhizal 

morphology alone, which can be a serious drawback in 

mycorrhizal studies. Species in the aspen stand were mostly 

of distantly related genera (Inocybe, Paxillus, Tricholoma, 

Laccaria, Cenococcum, and Hebeloma), and were distinguished 

with relative confidence, but this will not always be the 

case. Soil cores from a mature aspen stand in Idaho where 

numerous species of Russula and Lactarius fruited revealed a 

dense mat of smooth, white mycorrhizae typical of the 

Russulaceae, which would have been difficult if not 

impossible to sort by species or genera without sensitive 

methods. Inadequate sampling means a majority of the 

mycorrhizal types will not be discovered in an area. The 

number of soil cores taken per area has varied enormously 

for studies, and often no effort was made to determine if 

sampling was adequate for the area's size. Sampling is 

sometimes stratified in mycorrhizal studies by collecting 

data at a specific distance from a tree, which can 

underestimate diversity by detecting only species of fungi 

which form mycorrhizae at certain distances from their hosts 

(Fleming et al. 1984). 

The most effective possibilities for correlating 
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sporocarps and mycorrhizae at the species level in natural 

systems seem to lie in 1) studies of simple systems, and 2) 

careful use of molecular and morphological techniques. An 

important aspect of the present study, is that both 

morphological (Agerer 1990; Ingleby et al. 1990) and 

molecular techniques (Gardes and Bruns 1993a; Gardes et al. 

1991) were used for identification, and, in essence, each 

technique verified the other. The development of these 

methods means it may be possible to identify ectomycorrhizal 

fungi with confidence by their mycorrhizae in selected 

natural systems to answer ecological questions. Most 

studies have depended on only one method, and more studies 

are needed which compare the results of these 2 methods, 

particularly in more complex mycorrhizal communities. 

As discussed in the previous section, most of the fungi 

which fruited in the aspen stand, I. lacera, P. vernalis, L. 

laccata, and T. scalpturatum, were early successional 

species or species of disturbed sites. Two of the 

additional taxa discovered below ground were species of 

Hebeloma, some of which are early colonizing species 

(Dighton et al. 1986; Fleming 1984; Fleming et al. 1985; 

Last et al. 1987; Mason et al. 1984), although soil type and 

other factors can influence their presence. Species of 

Hebeloma are common in the richer soils of nurseries, and 

frequently fruit around recently planted aspens in Colorado 
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(Cripps, unpublished). Another fungus in the rhizosphere of 

the aspen stand was similar to Cenococcum, a ubiquitous 

ascomycete which forms mycorrhizae with most mycorrhizal 

trees (Trappe 1962), and is present under many conditions, 

at least in low levels in the soil (Menge et al. 1977; 

Harvey et al. 1978, 1979; Danielson 1984; Jansen and DeNie 

1988; Antibus and Linkins 1992). Worley and Hackskaylo 

(1959) found that Cenococcum tolerated drought, and this 

fungus may be an important symbiont in critical times of 

water stress. Ecological information for Type VII 

mycorrhizae was lacking, since this type was not identified. 

The mycorrhizae of this fungus were always associated with 

decayed wood, and it was the only fungus in the aspen stand 

to prefer the top layer of soil. The similar ITE.5 type of 

Ingleby (1990) is recorded on young birch and spruce 

seedlings 2-10 years of age, and the similar Fagirhiza 

spinulosa is reported with beech in mineral soil (not litter 

or humus). 

It is important to note that no late successional 

mycorrhizal fungi such as species of Russula, Lactarius, 

Cortinarius, and Amanita were present in the aspen stand 

above or below ground, although these genera fruit in the 

large contiguous aspen stand on the northwest hillside 

across the valley. In this sense, both above and below 

ground data are in agreement, only early colonizers and 

95



species of disturbed habitats were detected in the aspen 

stand, and the species which fruited reflected the kind of 

fungi inhabiting the rhizosphere. The low diversity of 

species in the stressed aspen stand is consistent with those 

of other disturbed sites such as coal spoils in the United 

Kingdom, where 4 species of fungi fruited, 3 of which are 

common on disturbed sites (Scleroderma, Paxillus, and 

Thelephora), and 7 mycorrhizal types were found below ground 

(Ingleby et al. 1985). Similarly, the mycorrhizal flora of 

one year old stands of eucalyptus on a bauxite mine was 

limited to 5 species in 3 stress tolerant genera, 

Scleroderma, Laccaria, and Pisolithus. Four types of 

ectomycorrhizae were found in the soil beneath the 

eucalyptus trees, 3 of which correlated to the above genera, 

plus Cenococcum (Gardner and Malajczuk 1988). In these 

stressed systems, the paucity of mycorrhizal species is 

apparent above and below ground, and mycorrhizae of 

distantly related fungi are easily distinguished. The low 

diversity of mycorrhizal types is not typical of all aspen 

stands, since over 10 mycorrhizal types were found in one 

soil core alone from a mature aspen stand in Idaho. It is 

likely this was a low estimate of the number of species. 

Functional redundancy is typical of mycorrhizal systems, 

with numerous fungal symbionts existing on one host in one 

area, even in the limited confines of a small aspen stand. 
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The significance of such a variety of fungi in an area or on 

a host, is not known, although ecosystems are in general are 

thought to be more stable when several species perform a 

given function, as discussed in Solbrig (1991). Closer 

examination of individual mycorrhizal species can reveal 

the unique functions performed by each, and how each species 

might be crucial to the survival of the host within a 

particular habitat, under different conditions. Moreover, 

synergistic interactions among mycorrhizal symbionts in 

natural systems have not been examined. 

Density of mycorrhizal root tips in a stressed aspen stand 

On average, there were 72 + 54 mycorrhizal root tips/ 

100 cc. of soil in the aspen stand (Table 4), a range of 18 

to 126 root tips per 100 cc of soil. Variation was high 

among samples, ranging from 9 to 190 mycorrhizae / 100 cc. 

of soil. Analysis of sample size showed that a sample of 

Table 4. Mycorrhizal root tips/100 cc of soil in 10 soil 
samples from a stressed aspen stand. 

  

| sample 1 2 3 4 5 6 7 8 9 10 ave ! 

| # tips 36 136 190 40 17 61 56 3 75 75 72 | 
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10 was sufficient to estimate the number of mycorrhizae per 

100 cc of soil within 46% of the mean, and 216 samples 

would be required to estimate the mean within the accepted 

confidence level of 10% (Table 5). The high number of 

samples needed for mycorrhizal studies can be logistically 

prohibitive, and most mycorrhizal studies do not examine 

sample size. Fogel and Hunt (1979) state that "large errors 

in some measurements may have to be tolerated (for 

mycorrhizal studies) unless sampling or design methods are 

refined". The large number of samples needed is due to 

Table 5. The number of samples (N) needed to determine the 
mean number of mycorrhizae/100 cc of soil within E% of the 
mean. 

  

| = | 10% | 208 | 30% | 46s | 
| N 216 54 24 10 | 
  

          

the variation in mycorrhizal numbers among samples. 

Alexander (1985) found that the variance in mycorrhizal 

numbers changed with the size of the soil core, and that an 

optimum core size existed where the required number of 

samples decreased dramatically : 431 samples for 12 mm core, 

44 samples for 39 mm core (optimum), and 125 for 113 mm 

core. This optimum is not expected to be the same for all 
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sites, and depends on the spatial heterogeneity of the site. 

Heterogeneity, or “significant deviation from randomness" 

implies the presence of a pattern, or clustering on some 

scale (Eberhardt and Thomas 1991). 

Heterogeneity in aspen stands, which can appear a 

rather homogeneous habitat, results from several factors. 

First, nutrients in the soil of aspen stands, particularly 

phosphorus, nitrogen, and magnesium, can be highly variable 

spatially and seasonally, although not as variable as in red 

Pine stands (Alban 1974). Other abiotic factors such as 

soil moisture vary as well in aspen stands (Lynch 1955). 

Secondly, the spatial pattern of the aspen ramets is of 

consideration, although the boles were rather uniformly 

distributed on the plot in the aspen stand. Thirdly, the 

root system of an aspen clone is unique and complex, with 

lateral roots criss-crossing throughout a stand, and 

undulating in the upper 2-3' following soil irregularities 

(Jones and DeByle 1985), and with roots in younger parts of 

the stands becoming independent (Sheppard 1993). Only the 

fine roots of aspen are capable of forming mycorrhizae, and 

these are clustered along main or lateral roots. [In 

addition, counting individual mycorrhizal root tips 

accentuates heterogeneity, because it is not known whether 

one is counting individuals, or the repetitious parts of 

individuals. Finally, fungi may cluster because of a 
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preference for microhabitats (Tyler 1985) or grow in 

discrete patterns such as rings (Fleming 1984). All these 

factors increase clustering, which increases variation, 

limiting the interpretation of data in many types of 

mycorrhizal studies. The advantage of using frequency 

instead of abundance for mycorrhizal types, is discussed 

later in this paper. 

The number of mycorrhizae in the aspen stand were 

underestimated because Cenococcum tips were not counted. 

Also, mycorrhizae existed at depths greater than the 48 cm 

sampled, and deeper sampling could raise or lower the 

average number of mycorrhizae per volume of soil, depending 

on their density in deeper horizons. Moreover, the number 

of mycorrhizae typical of the stand from a seasonal or 

yearly average viewpoint, may have been overestimated by 

sampling during peak mycorrhizal formation in the spring, 

and in years with above normal precipitation. A few samples 

taken on the plot in 1994, after a long drought, were 

virtually devoid of functional mycorrhizae to 48 cm. 

Mycorrhizal numbers have been shown to vary seasonally, 

peaking in some Montana soils in May and June (Harvey et al. 

1978), and the number of mycorrhizal root tips in Douglas 

fir stands in Montana has been shown to decline dramatically 

in the fall, from a high of 369/100 cc in June to 8/100 cc 

in October (Harvey et. al. 1980a) in undisturbed stands. 
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Mycorrhizal biomass also varies seasonally, and has been 

found to be greatest in the fall in Pacific silver fir 

stands in western Washington (Vogt et al. 1980), but ata 

minimum in Douglas fir stands in September (Fogel and Hunt 

1979), which suggests that the pattern of seasonality is 

unique for a location. Although the biomass of mycorrhizae 

varies seasonally, the variation may not be as pronounced as 

that of sporocarps. Fogel and Hunt (1979) found that in 

Douglas fir in Oregon, sporocarps varied from 2 gr./m’ in 

November to zero from January through August, while 

mycorrhizae were always present at about 20-40 fragments per 

gram dry weight of soil. 

To get a rough idea of the number of mycorrhizae in the 

stressed aspen stand compared to other aspen stands, a few 

samples were taken from more productive areas of the Butte 

site. These proved to be within the range found on the 

study plot (79, 126, and 136/100 cc soil); however, in 

samples taken from the center of a mature aspen stand in 

Idaho with a deep silty soil, mycorrhizal counts were 5 to 8 

times greater than in the stressed aspen stand. Counts of 

as many as 570 mycorrhizae/100cm were found if sampled to 48 

cm, but as high as 1,215/100 cc if only sampled to 16 cm. 

where the mycorrhizae were concentrated. Bergman (1961), as 

reported in Mikola and Laiho (1962), estimated 53 tips/cc or 

5300 tips/100 cc in the humus layer of a vigorously growing 
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aspen stand in Finland sampled only to 10 cm. The number of 

mycorrhizae reported from various forest types are compared 

season of to those of aspen in Table 6. However, methods, 

sampling, etc. varied greatly in these studies, and direct 

comparisons should be critically analyzed for these 

  

  

  

  

  

  

  

  

  

  

  

  

parameters. 

Table 6. Number of mycorrhizae/100 cc of soil in several 
forest cover types and references for the studies. 

Forest type number of mycorrhizae reference 
per 100 cc soil 

aspen, stressed 18-126 Cripps (Table 4) 

aspen, vigorous 5300 Bergman 1961 

Douglas fir, all 1-186 Jansen 1991 
ages 

Douglas fir, 20- 19-126 Jansen 1991 
40 YA 

Douglas fir 0-277 Jansen & DeNie 
1988 

Douglas fir 8-369 Harvey et al 
1980a 

Douglas fir 15 Harvey et al 1979 

hemlock 167 Harvey et al 1979 

subalpine fir 47 Harvey et al 1979 

loblolly pine 819-1018 Menge & Grand 
1977 

red pine 93-526 Antibus & Linkins 
1992       
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The number of mycorrhizae is affected by tree species 

(Harvey et al. 1979), location, season (Harvey et al. 1976, 

Vogt et. al. 1980), age of trees (Jansen and DeNie 1988; 

Jansen 1991), size of trees (Harvey et al. 1987), soil type 

(Mikola and Laiho 1962), soil compaction (Marx and Shafer 

1988), productivity, and various treatments such as liming 

(Fogel and Hunt 1979; Menge et al. 1977; Menge and Grand 

1978; Antibus and Linkins 1992). All of these factors 

should be considered when estimating mycorrhizal numbers, 

along with the methodology employed, and particular 

attention should be given to the depth sampled. More 

standardized baseline data is needed for mycorrhizal numbers 

in various forest types under different regimes or in 

different habitats. 

The total number of mycorrhizal root tips in the soil 

of the aspen plot (11 m x 20 m x 48 cm) was calculated to be 

76 + 56 million. This means there are roughly between 19 

and 133 million mycorrhizal root tips in a major portion of 

the small aspen stand. This is probably an underestimate 

and underscores the logistical and statistical problems 

inherent in mycorrhizal studies. The significance of such 

an enormous number of mycorrhizae in a natural system 

remains a mystery. While in vitro studies show that plant 

growth is enhanced by the formation of mycorrhizae, growth 

is not directly correlated with the number of mycorrhizae 
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formed for aspen at least in vitro (Cripps 1992). Some 
  

fungal species may be more effective, needing fewer 

connections to the host. The benefits of increased 

productivity to plants in natural systems in terms of 

fitness may be of importance, however, cost-benefit analysis 

show that there is also a drain on the host (Vogt et al 

1991). It may be that the most sensitive function of 

certain species is during critical times of stress and not 

in terms of increased growth per se. Additional benefits to 

the plant such as protection from parasites or herbivores, 

antibiotic activity, etc. also need to be addressed. The 

mycorrhizal condition is not a static one, but is ever 

changing and shifting towards stability, as constant 

colonization, recolonization, rejection, and mycorrhizal 

death occur (Allen 1991). Thus, the "benefits" from 

mycorrhizal colonization also change as mycobionts change. 

The abundance (density) and frequency of mycorrhizal fungi 

(types) in the rhizophere 

The densities of 7 of the mycorrhizal types were 

quantified (excluding Cenococcum), and 91% of the 

mycorrhizal root tips sampled were of the 4 species of 

ectomycorrhizal fungi which fruited: Inocybe lacera (34%), 
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Laccaria laccata (24%), P. vernalis (16%), and Tricholoma 

scalpturatum (10%) (Table 7, Fig. 20). The remaining 9% 

consisted of species not represented above ground on the 

plot: Type VII (6%), Hebeloma mesophaeum (1.5%), and 

Hebeloma sp. (1.5%). Mycorrhizal counts and the counts 

standardized to the number of root tips/100 cc of soil are 

listed in Tables 8 and 9, respectively. As expected, I. 

lacera and L. laccata were dominant below ground and fruited 

prolifically above ground. One-fourth of the mycorrhizae 

counted were of Paxillus vernalis, which was unexpected 

since this species only produced one fruiting body 

Table 7. Abundance (average number of mycorrhizae) of each 
fungal species in 100 cc soil from the aspen plot, and 
percentage of each type in the mycorrhizal community. 
Cenococcum mycorrhizae not quantified. 

  

  

  

  

  

  

  

  

mycorrhizal type average no. % of total 
mycorr/100 cc mycorrhizae 

I: I. lacera 24 + 22 34% 

Iv: L. laccata 17 + 23 24% 

II: P. vernalis 16 + 20 23% 

III: T. scalpturatum 7 + 16 10% 

VII: Popularhiza sp. 4+8 6% 

VIII: H. mesophaeum 1 + 2 1.5% 

1+ 3 1.5%         | IX: H. sp. 
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Fig. 20. Average number of mycorrhizal root tips of each 
type per 100 cc of soil. 
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Fig. 21. Total frequency of each mycorrhizal type in 10 samples. 
Frequency is defined as % of samples in which a type occurs. 
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Table 8- Abundance of mycorrhizal types: the number of root tips 
of each type per 100 cc of soil in samples 1-10. 

mycorrhizal types I-IX 
  

  

  

  

  

  

  

  

  

  

                      

I It Itt IV VI VII; VIII IX misc | totl 

1 37 28 0 0 0 0 0 0 <1 65 

2 63 12 0 49 0 0 0 12 | 136 

3 53 62 50 20 * 0 4 1{ 190 

4 22 1 12 0 0 0 5 0 40 

5 5 <1 4 0 0 <1 8 0 0 17 

6 24 33 0 <1 * 0 0 0 3 61 

7 22 0 5 ® 24 0 0 5 56 

8 1 2 * 0 0 0 1 9 

9 <1 0 61 * 14 0 0 0 75 

10 4 17 0 35 * 5 0 0 14 75 
eh     
  

Table 9- Abundance of mycorrhizal types: the number of root tips 
of each type per 6.5 x 16 cm soil core for samples 1-10. 

mycorrhizal types I-IxX 
  

  

  

  

  

  

  

  

  

  

                      

I It Iit IV vI VII | VIII IX misc | totl 

1 590 441 0 0 0 0 2 | 1033 

2 1001 185 0 774 0 0 0 198 | 2158 

3 851 994 793 312 * 0 0 59 12} 3021 

4 346 12 191 0 0 0 0 87 0 636 

5 85 5 66 0 0 1 121 0 0 278 

6 377 533 10 * 0 0 0 53 973 

7 356 73 * 388 0 0| 73 890 

8 72 16 36 * 0 0 0 12 136 

9 0 0 972 * 219 0 0 0; 1193 

10 61 271 0 555 * 81 0 0 221 {| 1189     
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in 4 years. As previously discussed, if biomass were 

considered, the relatively prolific mycorrhizae of Paxillus 

(23%) would have been more proportionally represented above 

ground, since the fruit body of a Paxillus is, on average, 

17 times heavier than that of I. lacera and L. laccata. 

Tricholoma scalpturatum also fruited only one year of the 

study (Table 2), and 10% of the mycorrhizae were of this 

type. The dense clusters of mycorrhizae, up to 1 cm in 

diameter, produced by this fungus may have contributed to an 

overestimation of its abundance. Tricholoma scalpturatum 

did not fruit until the fourth year of the study, and there 

was no way of knowing if it was a recent arrival on the 

site. 

The value of using sporocarps as indicators of the 

mycorrhizal fungi in the rhizosphere, may depend on the 

pattern of fruiting of particular species of fungi ina 

community, since some species may fruit more regularly than 

others. Laiho (1970) states that Paxillus fruits rarely on 

sites with poor soil, and found mycorrhizae of the Paxillus- 

type on 3 plots where it did not fruit in that year, and on 

2 plots where it never fruited. It is apparent that 

Paxillus is a sporadic fruiter under some conditions. In 

another study, Suillus pungens was dominant above ground in 

bishop pine stands in California where Russula amoenolens 

mycorrhizae were dominant below ground. However, R. 
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amoenolens rarely fruited, again showing that the dominance 

of ectomycorrhizal fungi may not be consistant above and 

below ground (Gardes and Bruns 1992). The dispersal 

strategies, and therefore the fruiting efforts of various 

mycorrhizal fungi may differ, causing dominant fungi to be 

missed in above ground surveys, depending on the autoecology 

of the mycorrhizal fungi of an area. In the present study, 

only 9% of all the mycorrhizal root tips, plus those of 

Cenococcum, were not represented above ground, and 3% of 

these were represented above ground by sporocarps which 

fruited near, but not on, the aspen plot. Several studies 

have found Cenococcum to be a ubiquitous, but not dominant 

fungus in forests, typically making up less than 10% of the 

mycorrhizae of an area (Dominik 1966 in Laiho 1970; Harvey 

et. al. 1979; Antibus and Linkins 1992), or to 23% in some 

forests (Menge and Grand 1978). Cenococcum has the 

potential to increase in numbers during drought (Worley and 

Hackskaylo 1959), and occurs in sites of extreme drought and 

temperature (Palmer 1954). 

A few studies have reported the percentage of 

individual mycorrhizal types in natural communities, but no 

studies were found which examined the number of mycorrhizae 

per soil volume of individual species or types. Harvey et 

al. (1979) found one unknown type of mycorrhiza dominant on 

all study sites, with 90% of the mycorrhizae in Douglas fir, 
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subalpine fir, and hemlock forests attributed to this type, 

while less than 1% were attributed to Cenococcum. Their 

methods for examining mycorrhizal types, may not have been 

sensitive enough to determine individual species. In coal 

spoils, Paxillus and Scleroderma accounted for 57% of the 

mycorrhizae on three sites, the remainder was attributable 

to 5 other types (Ingleby et al. 1985). More studies are 

needed which examine not only the diversity of mycorrhizal 

fungi, but how the resources of an ecosystem are apportioned 

to individual species of mycorrhizal fungi, as a prelude to 

examining the importance of each species. Menge and Grand 

(1978) found that between plots, sporocarp numbers were 

directly proportional to mycorrhizal numbers. They also 

found this correlation did not hold if Cenococcum 

mycorrhizae were ignored, suggesting that the number of 

mycorrhizae are not the primary determinant for the 

fruiting. Laiho (1970) found the same to be true fora 

single species: sporocarp numbers of Paxillus involutus were 

directly proportional to its mycorrhizal numbers along a 

transect, but within a plot there was no correlation of 

numbers of sporocarps and mycorrhizae, which emphasizes the 

importance of experimental design. 

Caution must be used in interpreting the abundance 

figures of mycorrhizal types in the aspen plot, because the 

sample sizes required to determine the abundance of each 

110



species with a reasonable degree of confidence are 

exceedingly large. The reason for this is that the 

distribution of the mycorrhizal root tips of each species 

was extremely patchy or clustered. Except for studies ona 

small scale or in more homogenous communities, the sample 

sizes required to determine abundances (densities) of the 

major species of mycorrhizal fungi may be prohibitive. 

The frequency of ectomycorrhizal fungi is another 

quantitative measure which may be more useful and 

logistically feasible for defining dominance of mycorrhizal 

types in the soil (Table 10 and Fig. 21). Inocybe lacera, 

Paxillus involutus, and Laccaria laccaria, mycorrhizae were 

the most frequent types, present in 90%, 80%, and 70% of the 

samples, respectively. These were species which fruited on 

the plot. Six mycorrhizal types occurred in at least 40% of 

the samples, and only the species of Hebeloma were uncommon 

with frequencies of 10% and 20%. The Cenococcum-type, which 

does not fruit, was found in 60% of the samples, as were 

Tricholoma scalpturatum mycorrhizae, and Popularhiza sp. 

mycorrhizae, an unidentified basidiomycete, occurred in 

40% of the samples. The frequency of sporocarps in subplots 

has been thought to be a more effective measure of fungal 

dominance than density for epigeous (Bills et al. 1986; 

Villeneuve et al. 1989) and hypogeous sporocarps (Luoma et 

al. 1991). For the present study, the frequency of 
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Table 10. Percent frequency of the soil samples in which 
mycorrhizal types I-IX occurred in the aspen stand, and 
their relative frequencies, as %. 

  

  

  

  

  

  

  

  

          

mycorrhizal percent relative 
type frequency frequency 

Type I: Inocybe lacera 90% 22% 

Type II: Paxillus vernalis 80% 20% 

Type III: Tf. scalpturatum 40% 10% 

Type Iv: L. laccata 70% 17% 

Type VI: Cenococcum-type 60% 15% 

Type VII: Popularhiza sp. 40% 10% 

Type VIII: H. mesophaeum 10% 2.5% 

Type IX: Hebeloma sp. 20% 5% 
  

mycorrhizal fungi has been redefined as the proportion of 

soil samples in which a mycorrhizal type occurred. 

Determination of the presence or absence of mycorrhizal 

types in a sample is less labor intensive than evaluating 

their density, and results were similar to the more labor 

intensive measure of density (compare Figs. 20 and 21). 

Frequency may ultimately prove more useful in these types of 

mycorrhizal studies, particularly if optimal size soil core 

can be determined for a particular area. A drawback is that 

there had been no way to evaluate the confidence level of 

frequencies, but this may be possible by frequency-area 

curves. 
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The species composition of a mycorrhizal community is 

affected by many factors. Species composition may shift 

seasonally. Vogt et al. (1980), found some species to be 

more prevalent, or active, in terms of mycorrhizal numbers, 

at certain times of the year, and Antibus and Linkins (1992) 

found that the dominance of Piloderma bicolor and Picearhiza 

nigra varied by month and year. Conversely, Harvey et al. 

(1978, 1979) found mycorrhizal numbers to be seasonably 

variable, but species composition to remain the same 

throughout the summer, although it was ultimately reduced to 

one type in the winter. Part of the seasonal change in the 

species composition of a mycorrhizal community, may be 

attributable to temperature. On a coal spoil, the number of 

Paxillus mycorrhizae decreased with increasing temperatures, 

and the number of Scleroderma mycorrhizae increased as 

spring temperatures increased (Ingleby et al. 985). Thus, 

the prevalence of a species was correlated with temperature. 

Parke et al. (1983) found that the species composition of 

the mycorrhizal community was affected by temperature 

differences in clear-cuts and undisturbed forests. 

Moisture also has the potential to affect the species 

composition of a mycorrhizal community. In a pot study, 

Worley and Hackskaylo (1959) showed that moisture regime 

could influence the abundance of 2 mycorrhizal fungi: 

Cenococcum mycorrhizae increased from 10% to 100% as 
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watering decreased, and a white type mycorrhizae decreased 

from 72 to 0% under the same regime. Various treatments 

such as burning (Danielson 1984), and liming can cause 

changes in the prevalence of mycorrhizal types. Menge et 

al. (1977) showed that the addition of N-P-K, changed the 

relative abundance of mycorrhizal types, and Antibus and 

Linkins (1992) found that although liming did not change the 

diversity of mycorrhizal fungi, it did alter the abundance 

of some mycorrhizal types. Over a longer time scale, the 

composition of mycorrhizal communities changes with tree age 

or forest age as the succession of mycobionts shifts from r- 

to k-selected fungi, and the abundance of the mycorrhizae of 

each species also changes (Deacon et al. 1983). The reasons 

for shifts in the composition of mycorrhizal communities 

throughout the lifetime of the host are not completely 

understood, and the lack of ability to identify the 

mycorrhizae of species has been a stumbling block in this 

regard. It has been unclear if above ground changes were 

merely differences in fruiting conditions, or reflected 

actual changes in the abundances of fungi. As the unique 

autoecologies of mycorrhizal fungi are examined, we will 

learn more about the contribution of each species in an 

ecosystem, and about the significance of the ever-shifting 

abundances of those repetitive organs from a fungal thallus, 

the mycorrhizae. 
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The vertical distribution of mycorrhizae in an aspen stand 
on a stressed site 

Mycorrhizal numbers were low in the top 16 cm of soil in 

the aspen stand. The majority of the mycorrhizae were 

distributed from 16-48 cm, and occurred even deeper in the 

soil (Fig. 22). From 0-16 cm, there were, on average, 26 

mycorrhizae/100 cc of soil in the surface layer, 104/100 cc 

at a depth of 16-32 cm, and 70/100 cc deeper in the soil 

from 32-48 cm (Table 11). The actual and standardized 

counts for the 3 depths are listed in Tables 12 and 13. 

Mycorrhizae appeared to be more abundant in the deeper 

  

  

  

  

number of 
depth of soil mycorrhizae/100cc 

QO - 16 cm 26 + 33 

16 - 32 cm 120 + 117 

32 - 48 cm 70 + 66       
  

Table 11. Average number of mycorrhizae/100 cc soil at 
three depths in the aspen stand. 

layers of soil, below 16 cm, and the Friedman test 

(Hollander and Wolfe 1973) found this difference to be 

significant. 
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Table 12. Abundance of mycorrhizal types at each depth: the number 
of root tips of each type per 100 cc of soil for samples 1-10. 

mycorrhizal types I[-Ix 

O u “rd i 

* tH totl VII {| VIII VI IV 

16 - 32 cn. 

 
 

32 - 48 cm. 
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Table 13. Abundance of mycorrhizal types at each depth: the number 
of root tips of each type per 6.5 x 16 cm core for samples 1-10. 

mycorrhizal I~IX 

II IIil IV VI VII | VIII IX | misc} totl 
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H,: There is no difference in the abundances (densities) of 
mycorrhizae at the 3 depths sampled. Dy = D, = D3. 

H,: There is a difference in the abundances of mycorrhizae 
at the 3 depths sampled. D, = D, = D;. 

Friedman test: 

number of mycorrhizae/soil core 

0-16 cm (rank) 
  

sample 

1 36 
2 49 
3 64 

4 0 

5 0 
6 249 

7 484 

8 19 

9 410 

10 79 

depth 
0-16 cm 

16-32 cm 
32-48 cm 

(1) 824 

N 
10 
10 
10 

Grand median 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(3) 
(1) 
(2) 

R, = 

274. 

test statistics: 

S = 8.6 

s (.05, 3, 

a.f. 

10) 

513 
930 

2182 
474 
27 

458 
269 
34 

661 

13 

Est. Median 
94.5 

449.0 

279.0 

2 

= 6.2 
if S 2s, reject H, 

i. ew S25 8.6 2 6.2, 

Therefore, we reject H,. There are differences in the 

R; 

16-32 cm (rank) 

(3) 
(2) 
(3) 
(3) 
(2) 
(3) 
(2) 
(2) 
(3) 

1 

(3) 

= 26 

-014 

484 
179 
775 
162 
251 
266 
137 
83 

122 
270 

32-48 cm(rank) 

(2) 
(3) 
(2) 
(2) 
(3) 
(2) 
(1) 
(3) 
(1) 

—__(2) _ 

R; = 21 

Sum of Ranks 

13 
26 
21 

abundances of mycorrhizae at the 3 depths sampled. 

Although there is no follow up test, it is logical to 

deduce that a majority of the mycorrhizae were distributed 
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from 16-48 cm, and that there were significantly fewer 

mycorrhizae in the top 16 cm of soil in the stressed aspen 

stand. 

The diversity of mycorrhizal fungi was also low in the 

top 16 cm of soil, with a total of 4 species occurring in 

all of the samples (Fig. 22b). The diversity doubled in the 

deeper horizons, with 7 and 8 species at 16-32 cm. and 32-48 

cm., respectively. The Friedman test showed that 

ectomycorrhizal fungi were significantly more diverse in the 

deeper layers of soil. 

H,: There is no difference in the diversity (number) of 
mycorrhizal types at the 3 depths sampled. D, = D, = Dj. 

H,: There is a difference in the diversity of mycorrhizal 
types at the 3 depths sampled. D, = D, = D;. 

Friedman test: 

number of mycorrhizal types 

sample 0-16 cm (rank) 16-32 cm (rank) 32-48 cm (rank) 
  

1 1 (1) 2 (2.5) 2 (2.5) 
2 1 (1) 4 (3) 3 (2) 
3 2 (1) 5 (2.5) 5 (2.5) 
4 0 (1) 3 (2.5) 3 (2.5) 
5 0 (1) 2 (2) 5 (3) 
6 1 (1) 4 (3) 3 (2) 
7 2 (1.5) 3 (3) 2 (1.5) 
8 1 (1) 2 (2) 4 (3) 
9 2 (1.5) 4 (3) 2 (1.5) 

10 2 (1) 5 (3) 4 (2) 
R, = 11 R, = 26.5 R,; = 22.5 
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depth N Est. Median Sum of Ranks 
0-16 cm 10 1.00 11.0 
16-32 cm 10 3.50 26.5 
32-48 cm 10 3.00 22.5 

Grand mean = 2.50 

test statistics: 

Ss 
Ss 

0.002 12.95 da.f 
a.f 0.001 (adjusted for ties) 14.80 -f. Ni

l N
 

"So
 '
O 

ti
l 

s (.05, 3, 10) = 6.2 
if S 2s, reject H, 
12.95 2 6.2 i.e. S2s 

Therefore, we reject H,. There is a difference in the 
diversity of the mycorrhizal types at the 3 depths. 

There is no follow up test, but it can be deduced that there 

were fewer species of mycorrhizal fungi from 0-16 cm, than 

at 16-48 cm in the soil. The P value of .001, indicated the 

difference was highly significant. The frequency of 

mycorrhizae follows the same trend, with mycorrhizal types 

being 3 times more frequent in the deeper layers of soil 

compared to the surface layer (Fig. 22). 

It has been commonly accepted that a majority of the 

mycorrhizae are restricted to the top few centimeters of 

soil, and decrease with depth (Marks et al. 1968; Fogel and 

Hunt 1979). However, there is increasing evidence that this 

is not true in all cases for a variety of reasons. Factors 

such as the preferential root depths of the hosts, tree age, 

season, soil moisture, organic matter content, soil 
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aeration, and temperature may influence the depth of the 

mycorhizosphere. 

A majority of mycorrhizae have been found to be 

associated with humus, charcoal, and decayed wood in Montana 

soils (Harvey et al. 1976, 1978, 1979). The authors report 

66% of the mycorrhizae in the humus portion of the soil, 21% 

in dead wood, 8% in charcoal, and only 5% in mineral soil 

(Harvey et al. 1976). This may explain the typical 

prevalence of mycorrhizae in the surface layer of most 

soils, in association with the accumulation of organic 

matter. Harvey et al. (1978) concluded that the water- 

holding capacity of organics may be important for 

mycorrhizal establishment and maintainance, and there is new 

evidence that organics in the soil may be an important 

nutrient source for some mycorrhizal fungi (Trojonowski et 

al. 1984). The surface organic layer is not well developed 

in the aspen stand at Butte. The organic matter is not 

concentrated at the surface but is distributed more evenly 

through the soil horizons (Table 14), probably due to the 

colluvial nature of the undeveloped soil. This means there 

  

  

| depth 8 cm | 15 cm 20 cm 58 cm 97 cm | 97+cm | 

| OM 1.9% 3.2% 4.8% 2.7% 2.1% 1.2%               
Table 14. Distribution of organic matter in the stressed 
aspen stand at Butte with increasing depth. 
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is little need for mycorrhizae to cluster within the top few 

centimeters of soil in the aspen stand. In fact, moisture 

requirements might make the deeper soil more conducive to 

mycorrhizal development. In the aspen stand, a majority of 

the mycorrhizae found at 0-16 cm were Type VII (48%), and 

these tips were clearly associated with decayed wood, many 

of which had to be removed from the interior of wood to be 

(1979) found ectomycorrhizae were counted. Harvey et al. 

concentrated in dead wood on chronically dry sites. Inocybe 

lacera mycorrhizae made up 33% of the surface mycorrhizae in 

the aspen stand, and this species is typical of xeric, sandy 

soils, and is tolerant of these conditions. 

To determine if a similar vertical distribution of 

mycorrhizae existed in other areas of the Butte site, 

particularly the more productive northwest facing slope and 

valley floor, a few core samples were taken in these areas 

  

  

  

  

  

  

(Table 15). 

number of mycorrhizae per 100 cc soil 

depth NW hillside grassy seep valley floor 

O - 16 cm 224 168 153 

16 - 32 cm 69 56 52 

32 - 48 cm 85 183 30 

48 ~- 64 cm not sampled not sampled (25) 

average 126 136 79         
  

Table 15. Mycorrhizae per 100 cc soil in older aspen clones 
on areas of the Butte site where moisture is retained. 
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The 3 areas sampled had more developed organic layers than 

the plot on the southwest slope, thicker understories, and 

tended to remain moister through the summer. Sampling was 

limited, but the 3 cores showed similar results: 1) a 

significant majority of the mycorrhizae were found in the 

top 16 cm, 2) the mycorrhizae generally decreased with 

depth, and 3) mycorrhizae were distributed to 48 cm and 

deeper. This means that the top 16 cm of soil in the more 

hospitable areas of the Butte site, were not as deficient in 

mycorrhizae as the southwest slope. 

To further examine the effect of moisture on 

mycorrhizae, a few casual samples were taken in the 

intensively studied aspen stand, after a long summer drought 

in 1994 (Table 16). Few live mycorrhizae were present in 

number of mycorrhizae per 100 cc of soil 
  

  

  

  

  

depth sample 1 sample 2 sample 3 

0 - 16 cm 7 1 0 

16 - 32 cm 0 1 0 

32 ~ 48 cm 0 6 4 

average 2 1 1           
  

Table 16. Mycorrhizae/100 cc of soil on the plot in the 
aspen stand at Butte in Sept. 1994, after a drought. Dead 
mycorrhizae were abundant, but were not counted. 
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the samples, but shriveled, nonfunctional mycorrhizae were 

abundant. Similarly, no mycorrhizae were found in the 

forest floor of Douglas fir stands after a drought (Fogel 

1980). Thus, the depth at which mycorrhizae occur may also 

be dependent on the moisture source. VAM mycorrhizae have 

been found at depths greater than 4 meters, above a stable 

water source in the Sonoran desert (Virginia et al. 1986). 

These results suggest a strong relationship between moisture 

and viable mycorrhizae. 

The particle size distribution of soils, and soil 

compaction, influence aeration of the rhizosphere which in 

turn affects mycorrhizal functioning. The soil of the Butte 

site is three-fourths sand (Cripps 1992), and presumably 

better aerated than many other soil types, which increases 

the potential for mycorrhizae to exist at greater depths. 

In the pine plantations of Australia, mycorrhizae were found 

in the top 6 in. to 8 in. in deep loamy, well-aerated soils, 

and even to depths of 14 in. to 16 in. if bulk density did 

not change. Mycorrhizae were confined to the top 4 in. in 

clay soil where bulk density increased with depth (Marks et 

al. 1968). In general, mycorrhizal numbers decreased as 

bulk density increased. Ectomycorrhizae have been found as 

deep as 1.7 m in sandy soil with pine by Mikola and Laiho 

(1962) and McMinn (1963) observed mycorrhizae deep in the 

soil along old root channels where aeration was better than 
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in the compacted subsoils. Laiho (1970) found mycorrhizae 

to a depth of 20 cm in light mineral soils, and to 50 cm 

along root channels. 

The vertical distribution of mycorrhizae can change as 

stands age. Mycorrhizae were more distributed with depth in 

younger stands of Pacific silver fir (Abies amabilis 

(Dougl.) Forbes), and in older stands the distribution of 

mycorrhizae shifted upward in the soil (Grier et al. 1981; 

Vogt et. al. 1981). In these 30 year old stands of fir, 

most of the mycorrhizae (48-67%) were found in the A 

horizon, and in the 123 year old stand a majority of the 

mycorrhizae (54-69%) were in the top few centimeters of the 

forest floor. There was a general shift in the primary 

rooting zone of the fir, from the A horizon to the forest 

floor as the stands aged. 

To examine how the combined effects of stand age, soil 

type, and moisture could affect the vertical distribution of 

mycorrhizae specifically in aspen stands, 2 soil cores were 

taken from a mature aspen stand in Idaho for a casual 

comparison with the Butte stand. The Idaho stand was mature 

(61 years old), with a deep, silty loam (77%) soil. Since 

only 2 samples were taken, statistical comparisons could not 

be made, but mycorrhizae were primarily in the top 16 cm of 

soil (or less), and decreased with depth (Table 17). The 2 

surface cores contained high numbers of mycorrhizae, 6,450 
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and 5,400 before standardization to 1,215 and 1,017 / 100 cc 

of soil, respectively. This demonstrates that mycorrhizae 

in aspen stands may follow the expected pattern, and 

decrease with depth. Intense sampling would be necessary 

  

  

  

  

  

depth sample 1 sample 2 

0-16 cm 1215 1017 

16-32 cm 490 9 

32-48 cm 5 0 

average 570 342         
  

Table 17. Mycorrhizae/100 cc of soil in a mature aspen 
stand, with a deep silty (77%) soil in Idaho. 

to determine if this holds for all mature and productive 

aspen stands, and to ascertain what restricts mycorrhizae to 

the top layer of soil. 

Some tree species have a preference for rooting depth 

under various conditions (Kochenderfer 1973; McQueen 1968), 

but no studies were found on aspen rooting preference. In 

pine and spruce stands in Finland, the pine mycorrhizae 

were, on the average, deeper than the spruce mycorrhizae 

(Mikola and Laiho 1962). Humus contained 41% of the pine 

mycorrhizae, while 58% were in the mineral soil. Spruce 

differed by having 84% of the mycorrhizae in the humus and 

15% in the mineral soil (Mikola et al. 1966). This has also 

been demonstrated for VAM plants in the southwestern U.S., 
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where VAM fungi were distributed by depth according to their 

host (Staffeldt and Vogt 1974 as reported in Allen 1991). 

When the roots of different plant species segregate by 

depth, it reduces competition for nutrients and moisture 

between species by a vertical separation. 

The paucity of mycorrhizae in the surface soil of the 

aspen plot could potentially have been caused by 

contamination from smelter pollution, especially heavy 

metals. Elevated levels of copper, lead, zinc, and cadmium 

have been reported in soils within 16.7 km of Anaconda 

(Bissell 1982) and probably extends to Butte. Cadmiun, 

lead, and nickel have been shown to inhibit the growth of 

ectomycorrhizal fungi in vitro, with Laccaria laccata being 

one of the most tolerant fungi tested (McCreight and 

Schroeder 1982). Ectomycorrhizal fungi have been shown to 

increase the tolerance of pine and birch seedlings to large 

concentrations of zinc, nickel, and copper, unless levels 

were extreme (reviewed in Vogt et al. 1991). Cadmium and 

lead levels were not tested for on the Butte site, but Cu, 

Zn, and Al levels were elevated in the aspen stand. 

However, concentrations of these metals were not highest at 

the surface where there was a paucity of mycorrhizae, but at 

20 cm (Table 18). In addition, roots of understory plants 

were found from 0-16 cm, indicating that the soil was not 

too contaminated to support grasses and herbaceaous plants. 
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depth an Mn Fe Al cu B 

8 cm 11 48 32 155 43 0.7 

15 cm 8 14 72 264 116 0.7 

20 cm 20 34 35 588 142 0.1 

58 cm 73 102 10 388 3.5 0.1 

97 cm 2 7 3 71 0.3 0.1 

97+cm 1 10 5 58 0.3 0.1                 
  

Table 18. Exchangable and acid soluble soil nutrients (ppm) 
in the aspen plot of the Butte site (Cripps 1992). 

Species composition and vertical distribution of mycorrhizae 

The mycorrhizae of some species of ectomycorrhizal 

fungi in the aspen plot seemed to exibit a preference for a 

particular soil depth. The sample size is small but trends 

can be suggested. In the top layer of soil, 81% of the 

mycorrhizae were Type VII (Popularhiza) and Type I (I. 

lacera) (Figs. 23, 25, Table 19). Additionally, 98% of all 

Type VII mycorrhizae were found in the top 16 cm of soil 

associated with dead wood. Inocybe lacera was also 

prevalent deeper in the soil, as were the other species of 

ectomycorrhizal fungi. The frequency of the mycorrhizal 

types showed the same trends (Figs. 24, 26, Table 20). 

Moisture availability can change the species composition, as 
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Types 0-16 cm 16-32 cm 32-48 cm 

I: I. lacera 9 44 18 

II: P. vernalis <1 18 27 

III: T.scalpturatum 0 16 4 

Iv: L. laccata 4 31 17 

VII: Popularhiza 13 <1 <1 

VIII: H. mesophaeum 0 0 2 

IX: Hebeloma sp. 0 2 <1 
  

Table 19. The average number of mycorrhizae of each type 
per 100 cc of soil at three depths. 

  

  

  

  

                      

depth I If II IV VI VII VIII Ix 

0-16 cm 60% 10% 0% 20% 0% 30% 0% 0% 

16-32 cm 90% 60% 20% 60% 60% 20% 0% | 20% 

32-48 cm 90% 70% 40% 60% 40% 10% 10% | 10% 

average 90% 80% 40% 70% 60% 40% 10% | 20% 
  

Table 20. Percent frequencies of mycorrhizal types at three 
depths in the aspen stand. Percent frequency is the 
proportion of samples in which a mycorrhizal type occurs x 
100. 
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Fig. 23. Mycorrhizal root tips of each type per 100 cc of 
soil at three depths within an aspen stand on a stressed 
site. Type 6 (Cenococcum- type) was not quantified, but 
occurred from 16-48 cm. 
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16-32 cm 32-48 cm 
depth 

P. vernalis [2] T. scalpturatum L. laccata 
KN H. mesophaeum [7] H. sp 

      
Fig. 24. The percent frequency of each mycorrhizal type at 
three depths in a stressed aspen stand. Frequency of each 
type is the number of samples in which it occurred out of a 
possible ten (x 100). 
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shown by Worley and Hacskaylo (1959) in a pot study where 

Cenococcum mycorrhizae increased from 10% to 100% with a dry 

regime, and a white type mycorrhiza decreased under the same 

regime. Cenococcum has been associated with extremes of 

drought and temperature (Palmer 1954); however, in the 

present study, Cenococcum-type mycorrhizae were found in the 

deeper layers of soil. Temperature can also affect the 

species composition of mycorrhizal communites and alter the 

vertical distribution of species. In hot coal spoils of the 

United Kingdom (Table 21), Scleroderma mycorrhizae increased 

with depth to 30 cm., and Paxillus mycorrhizae decreased 

  

  

  

with depth (Ingleby et al. 1985). In the same study, 

depth 0-10 cm 11-20 cm 21-30 cm 

% Paxillus 31.6 % 20.2% 9.8% 

% Scleroderma 20.5% 41.7% 53.2%           
  

Table 21. Percent of mycorrhizal root tips of 2 types on 
birch at 3 depths in coal spoil. Results from Ingleby et 
al. (1985). 

Scleroderma mycorrhizae increased with temperature and 

Paxillus mycorrhizae decreased with temperature in the 

spring, suggesting that Scleroderma can better withstand 

high temperatures, perhaps because they are found deeper in 

the soil. Similarly, in "vigorously growing" aspen stands 
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in Finland, Type A mycorrhizae decreased with depth and 

"“pseudomycorrhizae" increased with depth (Table 22). 

  

  

  

          

depth of soil Type A pseudomycorrhizae 

humus layer 65% 3.2% 

5-10 cm 26.5% 27% 

deeper no data 90% 
  

Table 22. Percentage of 2 types of mycorrhizae at 3 soil 
depths in aspen stands in Finland. Results from Bergman 
(1961), reported in Mikola and Laiho (1962). 

The distribution of mycorrhizae in the present study 

showed that ectomycorrhizal fungi can be distributed to over 

48 cm deep in aspen stands, and that the species composition 

of the mycorrhizal community changes with depth on a clonal 

root system. Vertical changes in the species composition of 

soil microfungi have also been reported in alpine areas of 

Canada (Bissett and Parkinson 1979). Further investigation 

into the vertical distribution of ectomycorrhizae, whether 

on one host or many in a forest, can help elucidate 

differences in adaptations, tolerances, and competitive 

abilities of the species of mycorrhizal fungi involved, and 

help detemine how each functions in an ecosysten. 
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Horizonal distribution of mycorrhizal fungi on the plot: 
sporocarps and mycorrhizae 

In general, each species of mycorrhizal fungus fruited 

in clusters restricted to one or 2 areas, and their 

mycorrhizae were more widespread throughout the plot (Fig. 

27). In some cases, detected mycorrhizae were a distance 

from sporocarps of the same species, and up to 11m (or 33 

ft.) away. Mycorrhizal samples were taken randomly and not 

directly below sporocarps. The spatial arrangement of 

individuals was not determined, so it is not known if 

distinct clusters of sporocarps were from the same 

individual. Similarly, it is not known if mycorrhizae of 

one species were from one genet, a few widespread genets, or 

if numerous genets were present. De LaBastide et al. (1994) 

using RAPD analysis, found that distinctly separated 

sporocarps of L. bicolor around one spruce tree had the same 

polymorphisms, indicating they were from the same 

individual. 

Inocybe lacera fruited on the northern and western 

edges of the plot, and in large numbers beyond the northern 

boundary and the canopy of the aspen stand (Fig. 27). The 

mycorrhizae of I. lacera, were distributed over the whole 

plot, occurring in 9 of the 10 soil cores, indicating that 

the fungus is present through out the stand. It fruited 

annually on the edge of the clone, and rarely in the 

136



"yOjd 
Sy] 

W
O
 

UaYe)] 
Sojdwes 

j1os 
Of 

Ul 
BuLUNDOO 

s
e
d
]
 
jezZIUOOAW 

ajOUap 
S|OqUAS 

‘IBUN] 
JeZIULICOALUO}OS 

Jo 
Sease 

B
u
r
i
n
 
a}eouljap 

Soul] 
P
o
y
o
G
 

‘pues 
uedse 

ue 
Ul 

jojd 
W
e
.
 

|. X 
LU 

Og 
B 

UO 
SadA} 

jezIWUOOAW 
pue 

(----) 
sduedaiods 

jo 
uonnquisig 

‘/2 
‘Bie 

W 02 

 
 

‘ds 
e
w
i
o
p
a
s
H
 

VW 

"SOU! 
BLUOPEGO}) 

(©) 

HA adAy | | 
uinmoosouen 

>k 

R
I
O
R
]
 

== 

B
w
o
P
L
p
U
l
 

YW 

snineg 
@ 

eqhoou 

s
e
d
}
 
jeZuLODAUs 

s
d
i
e
s
o
i
o
d
s
   

L
I
*
~
—
@
m
 

p
o
o
c
e
 
e
r
e
 
e
e
e
 

ee 
ee 

O
O
V
W
e
n
 

/
v
e
O
n
 

a
c
”
 

k—-On 

tee 
e
e
e
 
e
e
e
 

p
o
t
e
 
r
e
e
 

e
r
 

ew 
ee 

ee 
ee 

we 
e
e
 
e
e
 

w
e
 
e
e
 

e
e
 

ee 
e
e
e
 

ee 

: 
O
n
 

t ‘ ’ 

  
 
 

137



interior of the plot (small triangle in Fig. 27). 

Mycorrhizae of I. lacera were found below the fruiting 

bodies as well as 6 m (18 ft.) from the closest sporocarps. 

Laccaria laccata shows a similar picture, fruiting 

annually on the northern edge of the clone, but with 

mycorrhizae distributed throughout most of the plot. 

Inocybe lacera mycorrhizae were absent from the 3 cores on 

the southwestern quarter of the plot, but were in present in 

the remaining 7 cores. Mycorrhizae of L. laccata occurred 

over 6 m from the nearest fruiting body. 

Only one fruiting body of P. vernalis was observed 

during the 4-year period of the study, on the northern edge 

of the plot, at the base of an aspen ramet. Mycorrhizae of 

P. vernalis occurred over the whole plot, in 80% of the 

samples, indicating that the fungus is common in the 

rhizosphere. Mycorrhizae of P. vernalis were found in soil 

cores 11m (33 ft.) from the fruitbody. Paxillus vernalis 

may be a fungus which fruits rarely producing large durable 

fruiting bodies when it does fruit, or the specific 

conditions on the plot may not have been conducive to its 

fruiting. Paxillus vernalis fruits prolifically elsewhere 

on the Butte site, and its sporocarps are the most commonly 

encountered type during dry periods. 

Tricholoma scalpturatum was the only fungus which 

fruited entirely within the canopy zone and in the grass 
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understory of the aspen stand. Tricholoma mycorrhizae were 

found below the fruiting bodies to over 6 m (18 ft.) away 

from the closest sporocarps. 

The Cenococcum-type of mycorrhizae occurred over most 

of the plot, except for the southwest area. Type VII 

occurred on the western half of the plot, in areas where 

dead wood was more prevalent. Hebeloma mycorrhizae were 

found predominantly on the south end of the plot closer to 

where fruiting occurred in a ravine off the plot, but 

Hebeloma mycorrhizae were rare on the plot. 

The fruiting bodies of macrofungi are commonly 

clustered (Fogel 1981; Luoma et al. 1991), and Laccaria 

laccata sporophores have been reported as “clumped" around 

spruce trees (De La Bastide 1994). A majority of the 

fruiting bodies on the aspen plot were clustered on the 

northern edge of the stand. Schramm (1966) reported a 

possible shading effect and observed mycorrhizal fungi 

fruiting on the north sides of trees in coal fields in areas 

where high temperatures often inhibited seedling growth. 

The interrelated roles of shade, temperature, and 

moisture to the fruiting of mycorrhizal fungi were evaluated 

in the aspen stand. Inocybe lacera fruited in several other 

clones on the Butte site, and 3 of these areas were compared 

for consistency of slope, aspect, and spatial relationship 

to the canopy line. Inocybe lacera fruited on 5° to 21° 
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slopes, in clones of several aspects (northwest to 

southwest-facing), and fruited on the northern, southern, 

and western edges of the aspen clones. However, in all 

cases, it fruited primarily outside the canopy zone, always 

at the edge of the aspen stands, indicating an edge effect. 

Fleming et al. (1984) found Inocybe mycorrhizae to be 

consistently at the greatest distance from the bases of 

birch, in the younger parts of the root system matching the 

spatial occurrence of their fruit bodies. The succession of 

mycorrhizal fungi is known to produce "rings" around birch 

seedlings (Deacon et al. 1983; Last et al. 1987), and it may 

be that I. lacera and L. laccata, as early colonizers, were 

fruiting in a ring around the aspen stand, and that because 

the southern edge of the plot falls away into a ravine, 

fruiting did not occur on all edges of the stand. Early 

colonizing ectomycorrhizal fungi are capable of inoculating 

seedlings through spores, where late colonizers have failed 

to do so in pot studies (Fox 1983). The importance of spore 

inoculum to early colonizers has not been well examined; 

however, as primarily wind dispersed pioneers in mycorrhizal 

succession, the predominance of sporocarps on the edge of 

clones would be an advantage. Allen (1991) noted that wind 

turbulence is limited on forest floors, which limits 

turbulence-induced dispersal in ectomycorrhizal fungi. 

Turbulence is higher at the edge of stands. The spores of 
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Thelephora, an early colonizer, have been found repeatedly 

on the edge of forests on Mt. St. Helens, Oregon (Allen 

1987). Aspen clones can be of considerable size (Grant et 

al. 1992), often with thick understories, both of which may 

influence fruiting patterns. 

One month after soil cores were taken in the plot, L. 

laccata sporocarps were observed in several of the core 

holes in the interior of the plot, where mycorrhizae of this 

type had been identified, but where no fruiting had 

previously occurred during the 4 year study. The 

disturbance removed the understory as well as the top layers 

of soil, and the fungus responded by fruiting. Most L. 

laccata mycorrhizae were deep in the soil, and the new 

proximity to the surface triggered fruiting. It would be of 

interest to examine the relationship between mycorrhizal 

depth and fruiting patterns, to see if fungi are more likely 

to fruit when their mycorrhizae are closer to the surface, 

as happens when the lateral roots of aspen come close to the 

surface and sucker. The roots of understory plants in the 

aspen stand were restricted to the top 16 cm of soil, and it 

is not known how the dense mat of grass influenced fruiting 

patterns, although extracts of prairie soil containing grass 

roots reduced the respiration rate of ectotrophic 

mycorrhizal roots (Persidsky et al. 1965). Leaf litter is 

capable of inhibiting the growth of some mycorrhizal fungi 
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(Rose et al. 1983), and aspen leaves can inhibit the growth 

of some mycorrhizal fungi, at least in laboratory studies 

(Olsen et al. 1971), although it is unclear if this may be 

an influence on fruiting patterns in nature. 

It is clear from the study of the aspen stand, that the 

mycorrhizae of the fungal species were more spatially 

dispersed than their fruiting bodies, with fruiting bodies 

of these early colonizing species fruiting at the clone 

edge. This makes sense from a functional view point, with 

sporocarps poised where they can take advantage of wind, and 

mycorrhizae dispersed maximally on the roots of its host. 

Observing how natural systems function, gives us clues 

into how they recover from disturbance, how they progress 

through time, and the kinds of equilibriums that can be 

achieved, all valuable knowledge for management strategies 

designed to help ecosystems restore or maintain themselves 

in the future. 
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CONCLUSIONS 

1. Mycorrhizal types can be identified by both morphological 
and molecular means for ecological studies. Ninety-one 
percent of the colonized roots sampled on the aspen plot 
were identified to species. 

2. Four species of ectomycorrhizal fungi (Inocybe lacera, 
Laccaria laccata, Paxillus vernalis, and Tricholoma 
scalpturatum) early colonizers, fruited in the stand over a 
4 year period. 

3. Eight types of mycorrhizae were found in the rhizosphere 
of the aspen stand, and seven of the types were identified 
to species by morphological methods, backed up in some cases 
by ITS-RFLP analysis. 

a) Four types correlated with species fruiting on the 
plot: I. lacera, L. laccata, P. vernalis, and T. 
scalpturatum. 

b) Two types correlated with species fruiting near the 
plot: Hebeloma mesophaeum, and Hebeloma sp. 

c) One type was similar to Cenococcum, which does not 
form fruiting bodies. 

da) The last type was an unidentified basidiomycete 
associated primarily with dead wood. 

4. The cumulative species-area curve levels off, indicating 
that a majority of the types were discovered on the plot. 

5. In a 4 year period, 50% of the mycorrhizal types 
(species) in the rhizosphere of the aspen stand, were 
represented above ground. 

6. The cumulative number of species of ectomycorrhizal fungi 
which fruited over 4 years correlated better with the number 
of mycorrhizal types (species) than fruiting in any one 
year. 

7. Excluding Cenococcum, which was not counted, 94% of the 
mycorrhizal root tips counted were species which fruited on 
the plot. 

8. Mycorrhizae of the 2 species which fruited prolifically 
each year, I. lacera and L. laccata, constituted 58% of the 
total number of tips. 
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9. One fruiting body of P. vernalis was observed in 4 years 
on the plot, and its mycorrhizae constituted one fourth of 
the total counted. 

10. The total number of mycorrhizae in the 20 m x 11 m x 48 
cm plot was estimated at between 19 and 133 million. 

11. An average of 72 + 54 viable mycorrhizal root tips/ 100 
cc of soil were found in the stressed aspen stand, to a 
depth of 48 cm. 

12. Frequencies of the mycorrhizal types showed a similar 
pattern to abundances (densities), and could be a more 
logistically feasible measure for future studies. 

13. Mycorrhizae were distributed to a depth of over 48 cm in 
the aspen stand, which most likely reflects the distribution 
of organic matter and moisture. 

14. There were significantly fewer mycorrhizae, and 
mycorrhizal types (species) in the top 16 cm of soil, than 
from 16-48 cm. in the aspen stand, most likely due to 
moisture and organic matter considerations. 

15. The species composition appeared to change with depth, 
with 98% of Type VII mycorrhizae occurring from 0-16 cm, 
primarily associated with dead wood, and other types 
preferring the deeper soil. 

16. The ectomycorrhizal fungi fruited in clusters primarily 
restricted to the north edge of the aspen stand, which 
appears to be an edge effect and not a shading effect. 

17. The mycorrhizae of the fruiting species were distributed 
through out most of the stand, and in some cases mycorrhizae 
were 11m from the nearest recorded sporocarp of that 
species. 

18. Laccaria laccata fruited in the core holes of the plot 
after it was sampled, in areas where it had not previously 
fruited, indicating that disturbance can alter established 
fruiting patterns. 
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CHAPTER 2: THE PREDOMINANCE OF SMOOTH-SPORED CORTINATE 

SPECIES OF INOCYBE WITH POPULUS TREMULOIDES IN MONTANA 

INTRODUCTION 

During a study to determine the ectomycorrhizal fungi 

associated with Populus tremuloides Michx., mycorrhizal 

members of the Cortinariaceae, particularly the genus 

Inocybe were found to be common in aspen stands in the north 

central Rocky Mountains (Cripps and Miller 1993). Inocybe 

species were particularly prevalent on a xeric site near the 

mining town of Butte, Montana, where the soil and the 

vegetation have been affected by copper smelters. However, 

it became apparent that some of the same species of Inocybe 

occurred in other aspen stands, suggesting a specific subset 

of this genus might occur with aspen in these areas. 

Species in the mycorrhizal genera of the Cortinariaceae 

are widely distributed in the Northern hemisphere but are 

not monographed, and often are not well known in North 

America. The genus Inocybe (Fr.) Fr. is well delineated and 

easy to recognize on sight, but the large number of species 

and phenotypic similarities within this taxon make 

identification to species difficult. Micromorphological 

similarities among species and apparent variability within a 

species have also led to confusion in the literature. 

Inocybe spores do not germinate in vitro, and biological 
  

species can not be determined by mating tests. Monographs 
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of European species have recently been published by stangl 

(1989) and Kuyper (1986). Both authors provide keys and 

descriptions for European species of Inocybe, as well as 

discussions concerning nomenclature problems. Both authors 

report many of these species from North America, but only 

two papers on Inocybe in North America have followed their 

publications (Nisheda 1988, 1989). The North American and 

European floras of Inocybe have not been extensively 

compared. 

Species of Inocybe in North America have been studied 

in Nova Scotia, Canada (Grund and Stuntz 1968-1984; Smith 

and Wehmeyer 1936), the Eastern United States (Peck 1872- 

1910; Atkinson 1918; Kauffman 1921, 1924; Smith and Hesler 

1938), Michigan (Stuntz 1954; Smith 1939), Washington and 

Oregon (Smith and Stuntz 1950; Stuntz 1947), California 

(Nisheda 1988, 1989), and the Yukon territory and Alaska 

(Miller 1987). No studies have focused on the genus Inocybe 

in the Rocky Mountains, and ecological information is scant 

in much of the North American literature. 

Populus tremuloides and the closely related P. tremula 

have a circumboreal distribution in the northerly latitudes, 

which includes North America, Europe, Asia, and the Arctic 

biome. Although there are scattered reports of Inocybe 

species occurring with Populus across this region, no 

research has focused on this genus with aspen. Only an 
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early report, in the current study, has investigated several 

species of Inocybe with pure aspen (Cripps and Miller 1993). 

It is not known if aspen hosts a specific set of Inocybe 

species, and if these occur across the wide range of 

Populus. 

The species of Inocybe are often considered to be 

generalists, occurring with a broad range of hosts, and this 

may be true, as many species are reported associated with 

both conifers and angiosperm trees. However, 

misidentifications and poor ecological notes are of concern 

here. Two distinct Inocybe floras were found in California, 

associated with two forest types, conifers and live oaks 

(Nisheda 1989). In that study nodulose-spored species were 

found to be more prevalent with conifers. There is evidence 

that an alpine flora of Inocybe species exists, with many of 

the same species occurring in Alaska (Miller 1987), the Alps 

(Favre 1955, 1960; Horak 1987), Greenland (Lange 1957), and 

Norway (Printz 1992). These species are associated with a 

limited array of alpine hosts, particularly willow and 

birch. 

Inocybes are often considered "weedy" species, which 

occur early in succession (Fox 1983, 1986), and on disturbed 

sites (Kuyper 1986), and this in itself may be a pattern. 

There is evidence that certain species of Inocybe occur 

repeatedly in a particular soil type. Inocybe lacera and I. 
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sambucina, for example, occur predominantly in nutrient poor 

sand, and many species in Europe occur primarily in 

calcareous soil (Kuyper 1986). Thus, some patterns are 

emerging, but whether it is the host, the soil, or other 

abiotic variables remains to be discovered. 

The large pure stands of aspen in North America provide 

an opportunity to study species of Inocybe which occur with 

one host across a range of environmental conditions, 

uncomplicated by the presence of other ectomycorrhizal 

plants. This study will add to the knowledge of the genus 

Inocybe in North America and provide ecological information 

on the species associated with Populus tremuloides in the 

north central Rocky Mountains. It is hoped that by 

providing keys and detailed descriptions the occurrence of 

these species with aspen, as well as with other hosts, will 

become more known and reported in North America. 

METHODS AND MATERIALS 

Species of Inocybe were collected primarily on two 

sites in southwestern Montana in pure aspen stands (unless 

otherwise noted). The mountainous sites near the town of 

Butte, and in the Cinnabar basin (north of Yellowstone 

National Park) were described in detail in Cripps and Miller 

(1993). Both areas are between 1800 and 1900 meters a.s.l. 
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in the north central Rocky Mountains in southwestern 

Montana. Macroscopic descriptions were of fresh specimens, 

which were then dried and stored. Selected collections are 

in the Massey Herbarium Virginia Tech (VPI), and the rest 

are in the private collection of C. Cripps. Color 

designations were from the Methuen Handbook of Color 

(Kornerup and Wanscher 1961). Spore prints were made on 

white bond paper. Microscopic examination was carried out 

using 3% KOH on rehydrated material from dried specimens. 

Drawings of microscopic features were made with a camera 

lucida at 1000x magnification. Drawings of fruiting bodies 

were taken from outlines of specimens, and are actual size. 

Nomenclature follows that suggested by Kuyper (1986) and 

Stangl (1989), unless otherwise noted. The term 

paracystidia refers to cells on the gill edge which are 

thin-walled and clavate to pyriform (Kuyper 1986). 

RESULTS 

Sixteen species of Inocybe were recorded with Populus 

tremuloides in Montana (Table 23). Thirteen were in the 

supersection Cortinatae, which consists of species with 

smooth spores, a cortina, and thick-walled pleurocystidia. 

A key to subgenera, sections, and supersections of Inocybe, 

is found in Kuyper (1986). 
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Table 23. Species of Inocybe found with Populus 
Tremuloides in Montana. Numbers in parentheses are the 
approximate number of species in the taxon reported by 
Kuyper (1986) and Stangl (1989). 

  

genus Inocybe 

subgenus Mallocybe (10) 
i. Gulcamara (Alb. & Schw.:Pers.) Kumn. 

subgenus Inosperma 
section Cervicolores (5) 

none 

section Rimosae (15) 
Inocybe flavella P. Karst. var. flavella 

subgenus Inocybe 
supersection Cortinatae 

smooth spores (65) 
Inocybe 

Inocybe 

Inocybe 

Inocybe 

Inocybe 

Inocybe 
iInocybe 

Inocybe 
Inocybe 

Inocybe 
Inocybe 

Inocybe 

flocculosa (Berk.) Sacc. var. flocculosa 
geophylla (Fr.:Fr.) Kumm. var. geophylla 
griseolilacina J. Lange 
lacera (Fr.:Fr.) Kumm. var. 
longispora M. Lange 
nitidiuscula (Britz.) Sacc. 
cf. obscurobadia (J. Favre) Grund & Stuntz 
phaeocomis (Pers.) Kuyp. var. major 
pusio P. Karst. 
pseudodestricta Stangl & Veselsky 
sindonia (Fr.) P.Karst. 
whitei (B. & Br.) Sacc. 

lacera 

£. whitei 
nodulose spores (24) 

Inocybe cf. giacomi Favre 

supersection Marginatae 
smooth spores (28) 

none 
nodulose spores (49) 

Inocybe mixtilis (Britz.) Sacc. 
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1. 
1. 

KEY TO SPECIES OF INOCYBE WITH POPULUS TREMULOIDES 
IN MONTANA 

Pleurocystidia absent, spores sSmooth........cceccccsceeead 
Pleurocystidia present, spores smooth or nodulose.......3 

Pileus flat disc-shaped, margin inrolled, ocher, rough 
fibrous, ; stipe ocher, short, surface rough; cortina 
ephemeral; spores phaseoliform (8-9.5 x 4.5-5 pm); 
basidia necropigmented (dried specimens).....1I1. dulcamara 

{other species in the subgenus Mallocybe will key out 
here, and are distinguished by a more distinct ring 
zone, a velipellis, or different spores] 

Pileus conic-convex, yellow, yellow-orange, yellow-brown, 
smooth or radially fibrous, greasy or dry, rimose; stipe 
shining white; spores 10-12 x 5-5.5 um........1. flavella 

{other species in section Rimosae will key out here, and 
are distinguished by broader spores, or cheilocystidia 
over 15 um wide] 

Spores NOACULOSE.. cc ccecccc ese vec ncccrcescccrcccccc cece eed 

Spores smooth.....ccecsee eeeee meee cece cc ec eee eee eee eee eee oD 

Pileus shallowly conic-convex, umber brown, fibrils 
diverging in bundles towards margin; lamellae brown; 
stipe short, equal, or indistinctly submarginate, tan, + 
pink hue; spores 10-11(-14) x 5-6.5(-7), irregular, with 
low knobs, often pointed at one end............ I. giacomi 

Pileus flat convex, ocher, smooth, greasy; lamellae gray, 
gray brown; stipe marginate, white, pruinose to base; 
spores nodulose (7.5-9.5 x 5.5-6.5 uwm)....... I. mixtilis 

[I. praetervisa is similar, but has larger spores; other 
nodulose spored species in Marginatae lack the above 
combination of characters, but will key out here] 

Pileus white, cream, light-colored.......... cece cece cece 6 
PileuS Garker... cece cre cece rece ev vccesscercsccesceeee ed 

Pileus conic with umbo, white, staining salmon; stipe 
equal, or swollen at base, white, staining salmon; spores 
elliptical, (8.5)9-10 x 5-5.5 uwm......1. whitei f. whitei 
Pileus conic to convex, white, without salmon stains....7 

Pileus conic-convex, white, smooth; lamellae light brown, 
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9. 

10. 

10. 

ll. 
11. 

12. 

12. 

13. 

13. 

well-spaced; stipe equal, thin, white; spores elliptical 
8-9.5 x (4.5)5-5.5 pm.........1. geophylla var. geophylla 

Pileus convex, plane, white, cream; lamellae white, light 
brown (+ yellow or gray hues); stipe striate, white, pink 
at apex, spores (sub)amygdaliform (8.5-10 x 4.5-5.5 pum; 
pleurocystidia 63-90 x 12-18 um, narrowly subfusiforn, 
rather long and narrow.......ceeececceceseeeeeLle Sindonia 

Stipe with lilac hue at apex (check young specimens)....9 
Fruit bodies lacking lilac hues..............2cceeee---ll1 

Stipe with brown fibrils particularly towards base 
(almost reticulate), lilac and white, sturdy; pileus 
convex, brown, appressed squamulose; pleurocystidia long 
and narrow (60-100 x 14-23 um); paracystidia brown 
encrusted; spores (8.5)9-11 x 5.5-6.5 um, 
subamygdaliform,..............e+e--L- Dhaeocomis var. major 
Stipe without distinct brown fibrils, smoother...... ---10 

Pileus campanulate-conic, light brown, excoriate or not; 
lamellae lilac or yellow brown; stipe covered with white 
fibrils, + lilac at apex or whole length; at least some 
pleurocystidia subcapitate; spores subamygdaliform (8.5) 
9-10 KX 5.5-6.5 UM. cece cw ccccceccvesseeL. gGriseolilacina 

Pileus conic-convex, pale brown, radially fibrous (not 
Squamose or rough); lamellae light brown; stipe white, 
lilac at apex soon fading; pleurocystidia subfusiform; 
spores 9-9.5(10) x 5-5.5 um, subamygdaliform....I. pusio 

Spores on average, over 11 MM. ccc ccc ccccnveservcccceeela 

Spores on average, less than 11 pm............... coe e -L4 

Pileus minutely woolly or lacerate with recurved scales, 
hemispheric, dark brown, light brown, yellow brown; 
lamellae brown; stipe paler than cap; spores long 
cylindrical, 12-14 x 4.5-5 pm.......-.eeeeeeeeeeLeLacera 

[spore length from 6.5-17 wm in var.heterosperma] 

Pileus appressed squamulose, fibrous, or smooth.......13 

Pileus convex, umbonate, smooth, indistinctly radially 
fibrous, bright ocher, yellow-brown, dry to greasy; 
lamellae gray brown; stipe white, equal, stout; spores 
cylindrical 11-14(15.5) x 4.5-5.5 pm.......1. longispora 

Pileus campanulate with inflexed margin, applanate, 
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14. 
14. 

15. 

yellow brown color, brown, appressed squamose; lamellae 
gray brown (+ yellow hue); stipe white, long, covered 
with white fibrils; pleurocystidia with yellow walls; 
spores amygdaliform, or torpedo-shaped.....I. flocculosa 

[spores of I. flocculosa are typically 10-12 x 5-5.5 um; 
spores are variable in some collections, with torpedo- 
shaped spores 12-13(-17), rarely up to 20 x 5-7 pum]j 

Pileus appressed squamose.......1. flocculosa (see 13b) 
Pileus without appressed squamules, radially fibrous..15 

Pileus campanulate, umbonate, often minutely aereolate 
in center, radial fibers in bundles (may appear rough), 
light or dark brown, + staining gray-black; lamellae 
yellow gray, gray brown; stipe white, + bruising gray- 
black; odor fragrant; pleurocystidia 63-76(-90) x 12-16 
um, long and narrowly subfusiform, + flexuous necks; 
spores amygdaliform, 9-12 x 5-6 um......1. obscurobadia 

15. Pileus conic to convex, smoother, radially fibrous; 

16. 

16. 

pleurocystidia without flexuous necks................16 

Pileus convex, light brown; lamellae narrow, pale or 
dark yellow; stipe white, equal, + incarnate at apex; 
spores subamygdaliform, 8.5 -10.5 x 5-5.5 pum.......2e00- 
cece eee c ene sees eee eee ec er ev ccevesesee- lL. pseudodestricta 

Pileus conic-convex, margin inflexed, dark brown, 
uniformly radially fibrous; lamellae not narrow, brown 
or yellow brown; stipe white, club-shaped; spores 
10-12 x 5.5-6.5 um, subamygdaliform,.....1. nitidiuscula 

FIELD KEY TO SPECIES OF INOCYBE WITH ASPEN IN MONTANA 

This key is not definitive, and is for initial field 
identifications, which should be verified by microscopic 
examination. 

1. 
1. 

2. 

2. 

3. 

3. 

Fruit body white, or cream overall........ceccceevcecev ed 
Fruit body darker... . cc ccc ecw ccc cece ere vc wc cece rc cces 224 

Fruit body staining salmon............1. whitei f. whitei 
Fruit body not staining salmon...... Cece e reece cece ceseed 

Pileus and stipe white............-.2.+-5ee-eeeLe geophylla 
Pileus white, cream, stipe striate, with a pink tint..... 

ce ccc cee wc eww cc cece ccc ee eee eee ee es eeeeveceele. Sindonia 
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4. 

5. 
5. 

6. 
6. 

10. 

10. 

11. 

11. 

12. 

12. 

13. 

13. 

14. 

14. 

Lilac tints on fruit body (check young specimens).......5 
Without lilac tints....... eee rece eer eee c ccc cree ccc eel 

Stipe with dark brown fibrils....I. phaeocomis var. major 
Stipe SMOother... cc ccccevcccscccscccecvccvescccesrecceecee el 

Pileus + scaly, or excoriate............ I. griseolilacina 
Pileus smoother, radially fibrous................1. pusio 

Pileus greasy, smooth or indistinctly radially fibrous in 
young fresh specimens (old specimens may be dry)........ 8 
Pileus dry, radially fibrous, (sub)squamulose, woolly, or 
LOUGN... wc cece rec v cere veccce ecm m emcee cere rere e weer c cece 10 

Stipe marginate, almost cupulate, white....... I. mixtilis 
Stipe not marginate, may be white.....ccs cece nseeveee ceed 

Pileus conic, yellow orange, smooth to radially fibrous, 
rimose (reminiscent of I. rimosa)............- I. flavella 
Pileus flatter, ocher, not rimose, stipe pruinose to base 
cece ceee cee cee eee c cere ere eee were nse cece ees I. longispora 

Pileus, flat convex, ocher; stipe short, ocher, rough 
FIDTOUS. .. ccc wee eee c cece cere ccceescesecccevel. Gulcamara 
Pileus not flat convex, more convex to conic, typically 
brown; stipe not ocher, short or long, white or pale 
brown, rough or smooth...... ccc cere ncn ccncsenee eeeeell 

Pileus obviously textured, minutely woolly, lacerate 
with recurved scales, or appressed squamulose.........12 
Pileus smoother, radially fibrous or minutely roughened 
and aereolate in Center... .. ccc ccc cc ccc cccccccee eee el 

Pileus dark brown, minutely woolly, or lighter brown and 
lacerate, stipe often rough..............-2e. --L. lacera 
Pileus tawny yellow, light brown, appressed squamulose; 
stipe long, white, with soft white fibrils.I. flocculosa 

Pileus light to dark brown, campanulate, + staining 
gray, often minutely roughened, or aereolate in center, 
outwardly radially fibrous; stipe white, bruising gray 
cece ce ccc cere cece esse eee cece esse seesecedlse ObSCUrObadia 
Pileus brown, conic to convex, radially fibrous, not 
roughened, not staining gray; stipe not bruising gray.14 

Pileus light brown, convex, lamellae yellow, narrow, 
stipe white, + incarnate at apex......1I1. pseudodestricta 
Pileus umber brown, lamellae broader, yellow brown, + 
With yellow tints in age... ccc cee ccc ccc c cece cee n ence elD 
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15. Pileus conic, fibrils not diverging, stipe white, long, 
Club-shaped........ cc eee eeees eeceecceeeeeLe nNitidiuscula 

15. Pileus shallowly conic-convex with small umbo, fibrils 
diverging in bundles towards margin exposing white 
flesh, stipe short, with + pink hue at apex, rarely 
indistinctly submarginate............0.2- eooeeeeLe Giacomi 

DESCRIPTIONS 

Inocybe dulcamara (Alb. & Schw.:Pers.) Kummer 

Figs. 28 and 44. 

DIAGNOSIS: Pileus hemispheric to flat in center with 
downturned or inrolled margin, lion color (tawny yellow), 
ocher, woolly fibrous; lamellae yellow-brown, broadly 
attached; stipe short, firm, equal, surface roughened with 
longitudinal fibrils; metuloids absent, cheilocystidia thin- 
walled, spores bean-shaped, 8-9.5 x 4.5-5 um, basidia with 
necropigment. 

DESCRIPTION 

Pileus 20-50 mm in diameter, hemispheric when young 
with inrolled margin, becoming broadly hemispheric to almost 
plane, flat in center, margin down turned, occasional 
indistinct umbo, uniformly round, tawny lion color, ocher, 
yellow brown, orangish brown (5C6, 6D7), woolly-fibrous with 
some recurved fibrils in age, fibrils darkening to brown; 
margin whitish from cortina in young specimens, entire, not 
rimose, occasionally split; cuticle often overhangs 
lamellae; velar remnants whitish, common on margin. Lamellae 
broadly attached, adnate to almost subdecurrent, well- 
spaced, somewhat broad (-5 um), clay at first, then ocher, 
yellow-brown, or brown (+ with yellow hue), typically 
concolorous with pileus; edges fimbriate, white or brown. 
Stipe 15-70 x 3-9 mm, typically shorter than cap width, less 
frequently longer, equal, or flaring at apex, light ocher, 
paler than pileus, whitish above ring zone, white at base, 
floccose at extreme apex, remainder fibrous or rough, with 
longitudinal fibrils in bundles which darken in age giving 
surface a roughened appearance. Cortina white, arachnoid, 
flaring upward when present, leaving an indistinct superior 
annular zone, remnants may persist at cap margin. Context: 
white, pale ocher, firm. Odor indistinct. 

Spore deposit olive brown. Basidiospores 8-9.5 x 4.5-5 
um (E = 1.7-2.2, E, = 1.9), smooth, phaseoliform, bean- 
shaped, less frequently regular (elliptical). Basidia 22-29 
x 5.5-7.5 wm, clavate, filled with dense material 
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(necropigment) in dried specimens, protruding from hymeniun, 
4-sterigmate, a few with yellow contents in KOH, clamp 
connections. Pleurocystidia absent. Cheilocystidia 8-13 x 
16-22, thin-walled, broadly clavate, clamp connections. 
Lamellar trama parallel, hyphae 6-10 wm wide, swollen, walls 
smooth, clamp connections. Pileipellis hyphae parallel, 4-7 
um wide, swollen, encrusted, clamp connections. 

Habitat and Distribution: in open areas under Populus 
tremuloides in Montana. Reported from Europe and western 
North America, with Salix, Betula, and conifers. Found in 
alpine habitats and sandy soil. 

Material examined: Montana, U.S.A. (collected by c. 
Cripps) Silverbow County: CLC 373, CLC 374; Park County: CLC 
232, CLC 348, CLC 405, CLC 472 (VPI), CLC 605, CLC 606, CLC 

607, CLC 716. 

Oservations: Inocybe dulcamara is easily recognized by 
its overall ocher color, and the rough fibrous texture of 
the cap and stipe. It has been reported from Washington 
(Stuntz 1947) with conifers, and from the Yukon Territory in 
Canada with willows, dwarf willows, or Dryas (Miller 1987). 

Inocybe flavella P. Karst var. flavella 

synonym: Inocybe xanthocephala Orton 

Figs. 29 and 44. 

DIAGNOSIS: Pileus conic, bright ocher, smooth in center, 
radially fibrous, margin rimose; stipe bright white, smooth, 
not marginate; pleurocystidia absent; cheilocystidia 40-65 x 
9-14(18) wm, narrowly, thin-walled clavate; spores 
phaseoliform, rather slim, 10-12 x 5-5.5 um. 

DESCRIPTION 

Pileus 18-80 mm in diameter, at first conic with rounded 
apex and inflexed uneven margin, becoming expanded conic, or 
almost applanate, with or without obtuse umbo, apex sharp or 
rounded, bright brownish yellow (5C7), bright ocher, yellow, 
dull ocher, greasy or dry, center smooth, radially fibrous, 
fibers occasionally diverging exposing white context, with 
or without white velipellis in center; margin turned under, 
straight, or uplifted, often uneven, rimose, splitting 
deeply in a few places. Lamellae narrowly sinuate, or 
almost free, crowded, narrow or broad (-8 mm wide), clay, 
then light gray or yellow-gray, finally gray-brown, 
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occasionally bruising yellow or brown; edges fimbriate, 
white. Stipe 40-100(150) x 4-10 mm, equal or gradually 
enlarged towards base, not marginate, bright white, watery 
ocher in age, smooth, + greasy, sparse hairs at apex, 
typically buried in the soil. Cortina absent. Flesh white, 
rarely with yellow tints in cap, fibrous in stipe. Odor 
spermatic, faint to strong. 

Spore deposit brown. Basidiospores 10-12(-17) x 5-5.5 
(-6.5) wm (E = 1.8-2.2, E, = 2.1), smooth, subphaseoliforn, 
a few regular (elliptical), with small apiculus and thick 
walls. Basidia 30-38 x 8-11 um, clavate, mostly 4- 
sterigmate, less frequently 2-sterigmate, clamp connections. 
Pleurocystidia absent. Cheilocystidia 40-65 x 9-14(-18) unm, 
narrowly clavate, apex broadly rounded, walls thin, clamp 
connections. Caulocystidia absent, or swollen end cells 
Similar to cheilocystidia. Lamellar trama parallel, hyphae 
4-7(10) wm wide, inflated, small clamp connections; 
occasional yellow oleiferous hyphae connected to 
cheilocystidia. Pileipellis hyphae parallel, 3-6(-8) um in 
width, encrusted, a few inflated, clamp connections common, 
not obvious, oleiferous hyphae may be present. 

Habitat and distribution: with Populus tremuloides in 
Montana and Idaho, on many soil types. JI. flavella is a 
common associate of aspen in the north central Rocky 
Mountains, sometimes occurring in great numbers. 

Reported to be widespread in Europe, found with Fagus, 
Corylus, Populus cv. canadensis, and Picea. 

Material examined: U.S.A. (collected by C. Cripps) 
Silverbow County, Montana: CLC 376, CLC 498, CLC 502; Park 
County, Montana, CLC 719 (VPI), CLC 476, CLC 479 (VPI), CLC 
672; Teton County, Idaho: CLC 517, CLC 516. 

Observations: I. flavella P. Karst. var. flavella is 
Similar to I. rimosa (Bull.:Fr.) Kumm., with rimose cap and 
no metuloids. It differs by a bright golden piliepellis when 
young, slimmer phaseoliform spores, and narrower 
cheilocystidia. Montana specimens are more robust than 
those described for Europe, and have a spermatic odor not 
commonly noted for European specimens. Cetto (1992) reports 
a spermatic odor for this species, and reports it with 
Populus canescens. Kuyper (1986) reports it with Populus 
cv. canadensis. Montana specimens have occasional large 
spores, up to 16-17 um in length, in collections with 2- 
spored basidia. This is also true according to Orton (1960) 
for I. xanthocephala Orton, considered a synonym by Kuyper 
(1986). 
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Fig. 28. Inocybe dulcamara. Sporocarps, spores, 
cheilocystidia, and necropigmented basidia. Fig. 29. 
Inocybe flavella. Sporocarps, spores, cheilocystidia, and 
basidia. Left bars = 1 cm., and right bars = 10 un. 
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Inocybe flocculosa (Berk.) Sacc. var. flocculosa 

Figs. 30 and 45. 

DIAGNOSIS: Pileus campanulate, typically with inflexed 
margin (covered by white cortina), or applanate, tawny lion 
color, or brown, minutely appressed squamulose; lamellae 
gray, gray brown with + yellow hue; stipe long (-80 mn), 
white, covered with soft, longitudinal white fibrils; spores 
9-11(17) pum, subamygdaliform, smooth, larger spores may be 
present; pleurocystidia subfusiform, walls thick, bright 
yellow. 

DESCRIPTION 

Pileus 20-70 mm in diameter, hemispheric or campanulate 
with inflexed margin when young, then broadly campanulate, 
or almost plane with + uplifted margin, with small round 
umbo or without umbo, less frequently depressed in center, 
tawny lion-color, brownish yellow (5C7), tan, or brown with 
varying degrees of yellow, darker brown in youth, lighter 
and more yellow in age, minutely appressed squamulose 
(recurved in age) in center, or over entire cap, outwards 
indistinctly radially fibrous, occasionally with a dark 
ocher patch in the center; margin entire or slightly 
rimulose, inflexed and covered with a copious cortina in 
young specimens, cuticle may over-hang gills. lLamellae 
sinuate, or deeply sinuate, depressed at stipe apex, often 
broad (-8 mm), white, then gray, gray-brown, yellow-brown, 
bruising yellow or brown, edges white fimbriate. Stipe 30- 
80 x 3-10(-18) mm, equal, or gradually enlarged towards base 
(long, club-shaped), more rarely expanded at apex, +t 
flexuous, solid, white, or tinted ocher, pruinose in top 
third, remainder covered by "soft downy" longitudinal white 
fibrils. Cortina white, fibrous, copious on margin of young 
specimens. Context white in cap, watery tan in stipe. Odor 
spermatic, often strongly so. 

Spores brown in deposit. Basidiospores 10-12(13) x 5- 
5.5 pm (E = 1.8-2.4, E, = 2.0), smooth, thick-walled, 
subamygdaliform or regular, occasionally with conic apex, 
some larger 12-13(-17) um, rarely -20 um, by 5-7 um wide, 
variable in shape, the largest spores torpedo-shaped. 
Basidia 27-32 x 6-8 um, clavate, 4-sterigmate, clamp 
connections; atypical spores on 4-sterigmate basidia. 
Pleurocystidia infrequent or frequent, 50-63 x 13-15 un, 
subfusiform, less frequently clavate, shape variable, a few 
fine-grained crystals at apex, + viscid exudate at apex, 
clamp connections; walls 2-3 wm thick, bright yellow, more 
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rarely colorless, color varies along lamellae edge. 
Cheilocystidia similar to pleurocystidia, walls thinner (-2 
um), yellow; paracystidia clavate, 23 x 9 wm, walls thin. 
Caulocystidia similar to cheilocystidia, present in top 
third of stipe. Lamellar trama parallel, hyphae 13-30 um 
wide, swollen, clamp connections. Pileipellis hyphae 
parallel, 6-8(10) wm wide, encrusted, clamp connections. 

Habitat and Distribution a common associate of Populus 
tremuloides in many soil types in Montana and Idaho. 

Reported to be widespread in Europe with Betula, Salix, 
Populus, Alnus, Quercus, Fagus, Picea, and Pinus. Reported 
with Salix in alpine habitats. Also in Eastern and Western 
North America. 

    

Material examined: U.S.A.: (collected by C. Cripps) 
Silverbow County, Montana, CLC 201, CLC 455, CLC 750; Park 
County, Montana, CLC 350, CLC 351, CLC 410, CLC 414 (VPI), 
CLC 415, CLC 416, CLC 417(VPI), CLC 484; Teton County, 
Idaho, CLC 515, CLC 526; Lake County, Idaho, CLC 761(761). 

Observations: Stangl (1989) described I. flocculosa 
spores as 8-11 in length and noted that Lange described 
spores up to 13 wm. Stangl & Veselsky (1977) as cited by 
Kuyper (1986), described 5 groups within the species complex 
with different spore forms. 

Two collections had both regular and long torpedo- 
shaped spores. Collection CLC 417 came from the same aspen 
stand as collections with regular sized spores, which means 
this trait can vary locally. A second collection with 
variable spores (CLC 761) came from Idaho. This wider 
distribution shows, as reported for European specimens, that 
variation in spore size is a characteristic of this taxon. 

Inocybe geophylla (Fr.:Fr.) Kumm. var. geophylla 

Figs. 31 and 45. 

DIAGNOSIS: Pileus conic-convex, with distinct umbo, smooth, 
or indistinctly radially fibrous, pure white, or very pale 
brown, margin rimose; lamellae pale brown, well-separated, 
almost free; stipe white, long, thin, flexuous; 
pleurocystidia thick-walled; spores 8-9.5 x (4.5)5-5.5 pm, 
smooth, elliptical. 

DESCRIPTION: 
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Pileus 15-30 mm in diameter, up to 5 mm high at apex, 
sharply conic when young with inflexed margin, expanding to 
conic-convex, or almost applanate with distinct, sharp 
papillate umbo, and uplifted margin, white at first, 
becoming pale brown, with + ochraceous tints, totally smooth 
at first, then umbo smooth, and outwardly silky-radially 
fibrous, fibrils not diverging; white velar material may 
obscure darker ground color in younger specimens; margin 
often rimose. Lamellae well-separated, broad (-2 mm), 
attachment narrow, sinuate, almost free, white, light brown, 
light gray brown, light yellow brown, + with yellow hue; 
edges fimbriate, white or concolorous. stipe 20-50 x 2-3 
mm, long, thin, equal, or with indistinct knob at base, + 
flexuous, white, light tan, + ocher tints, smooth, shining, 
pruinose at apex, remainder covered by longitudinal white 
fibrils (easily removed on handling). Cortina white, 
evident in young specimens, soon gone. Context white, 
occasionally yellow beneath cuticle. Odor spermatic. 

Spores brown in deposit. Basidiospores 8-9.5 x (4.5)5- 
5.5 pm, (E = 1.5-1.9, E, = 1.7), smooth, elliptical, with 
small apiculus, a few spores obviously larger, 12-14 x 4.5- 
6.5 um, long elliptical. Basidia 23-30 x 6-9 yum, clavate, 
1-, 2-, and 4-sterigmate, rarely dichotomous at apex, clamp 

connections. Pleurocystidia 54-72 x 9-14 um, narrowly 
subfusiform, or almost cylindrical, walls 1-2(-3) um thick 
pale green, crystals at apex, clamp connections. 
Cheilocystidia similar to pleurocystidia; paracystidia 18 x 
9 um, thin-walled, clavate. Caulocystidia present at stipe 
apex, similar to pleurocystidia. Lamellar trama parallel, 
hyphae 5-9 um wide, slightly swollen, or not swollen, clamp 
connections. Piliepellis hyphae parallel, 6.5-12(-15) un, 
slightly swollen, walls rough, clamp connections. 

Habitat and Distribution: in riparian areas beneath 
aspen or with mixed aspen and willow, in Montana. 
Widespread and common in Europe and North America with 
hardwoods and conifers. 

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 365 (VPI), CLC 622, CLC 785. 

Observations: Montana specimens fit Kuyper's (1986) 
macroscopic concept of I. geophylla, except that they are 
strongly umbonate, which Kuyper says is indicative of I. 
whitei (B. & Br.) Sacc. f. armeniaca (Huijsman) Kyp., more 
rarely I. geophylla. Basidia with 1, 2, and 4-sterigma may 
be the basis for the presence of both small and large 
spores. This is the first report of heteromorphic spores up 
to 14 um, for this species. 
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Fig. 30. Inocybe flocculosa. Sporocarps, spores, 
cheilocystidia, and basidia. Fig. 31. Inocybe geophylla. 
Sporocarps, spores, pleurocystidia, and 1-, 2-, and 4- 
sterigmate basidia. Left bar = 1 cm., and right bar = 10 um. 
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Inocybe giacomi Favre 

synonym: Inocybe borealis Lange 

Figs. 32 and 46. 

DIAGNOSIS: Pileus shallowly convex, disk-shaped, with small 
umbo, umber brown, cuticle splitting at margin to reveal 
flesh; lamellae well-spaced, brown; stipe equal, short, pale 
brown; pleurocystidia thick-walled; spores 10-11(-14) x 5- 
6.5(7), long and indistinctly nodulose. 

DESCRIPTION 

Pileus 10-25 mm in diameter, hemispheric, shallowly 
convex, flattened (disk-shaped), with small umbo, shiny, 
metallic, umber brown, radially fibrous, fibrils splitting 
in bundles towards margin, revealing light-colored flesh, 
margin downturned in young specimens. lLamellae sinuate, 
continuing down stipe, subdistant, yellow brown, brown, 
edges white. Stipe 10-15 x 4-6 mm, short, equal, or 
tapering towards base, indistinctly submarginate in some 
specimens, light brown, paler at apex with + pink hue, 
minutely fibrous for whole length. Cortina not noted. 
Context white, with + pink hue at stipe apex. Odor none. 

Basidiospores (9)10-11(-14) x 5-6.5(-7) wm (E = 1.6-2, E, 
= 1.9), indistinctly nodulose, with numerous low bumps, 
often pointed at one end, 1 guttulate, walls thick. Basidia 
20-32 x 8-11 wm, clavate, 4-sterigmate, clamp connections. 
Pleurocystidia 54-80 x (11)17-21(-32) um, subfusiform, or 
bulging on one side and curved, width variable, crystals at 
apex, walls 2-4 wm thick, colorless, or pale green, clamp 
connections. Cheilocystidia rare, similar to pleurocystidia; 
paracystidia 6-9 x 14-25 um, thin-walled, clavate. Lamellar 
trama parallel, hyphae 5-20(-28) wm. wide, width variable, 
smooth-walled, clamp connections. Caulocystidia not 
observed, caulocystidioid hairs present. Piliepellis 
parallel, hyphae swollen, 14-19 wm wide, encrusted, clamp 
connections. 

Habitat and Distribution: rare, with Populus 
tremuloides in Montana. Appears to be a species of arctic 
and alpine habitats. Reported with Salix in the Alps (Favre 
1955), from Greenland (as I. borealis Lange 1957), and with 
Salix in Alaska as I. boltonii ssp. giacomi (Favre) Miller 
(Miller 1987). 

  

Collections examined: Silverbow County, Montana, 
U.S.A.: (collected by C. Cripps) CLC 503(VPI). 
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Observations: Horak (1987) considers the taxa I. giacomi 
Favre and I. borealis Lange synonymous, and discusses them 
in the genus Astrosporina. Both descriptions fit our 
Specimens. Lange (1957) considered them separate taxa 
because of a difference in spore shape. Both taxa are close 
to I. boltonii Heim, which is considered a separate taxon by 
both Stangl (1976) and Horak (1987). 

Inocybe griseolilacina J. Lange 

Figs. 33 and 46. 

DIAGNOSIS: Pileus campanulate-conic, often umbonate, 
roughened, scaly, excoriate, or smoothly fibrous, light 
brown, scurfy-scaly or smoother; lamellae lilac or yellow 
brown; stipe equal, long, thin, lilac at apex or whole 
length, covered with a layer of white longitudinal fibrils; 
spores (8.5)9-10 x 5.5-6.5 um, smooth; pleurocystidia thick- 
walled, frequently subcapitate. 

DESCRIPTION 

Pileus 20-40 mm in diameter, conic when young, then 
broadly campanulate-convex, or almost applanate, with or 
without papillate umbo, pale brown, with + lilac hue 
especially towards margin, dark ochraceous in center with 
yellow hues if umbonate (without velipellis), or pale lilac- 
tan and not umbonate (with velipellis), radially fibrous, 
becoming excoriate especially in center as fibrils lift, 
cuticle + breaking into dark brown patches with exposed 
flesh between patches; margin not rimose (or rarely so), 
extreme margin lighter from cortina in young specimens; 
cuticle frequently not covering flesh at margin. Lamellae 
attached, angular emarginate, adnexed, or nearly 
subdecurrent, narrow or broad (-5 mm), whitish-lilac or 
lilac + yellow tones when young, then gray-brown, yellow- 
brown; edges white or concolorous. Stipe 40-80 x 2-6 mn, 
long and thin, equal, or gradually enlarged towards base, 
flexuous, lilac at apex or to base, rarely without lilac 
(check young specimens in the field), remainder pale watery 
tan, with distinct covering of white longitudinal fibrils, 
easily removed on handling. Cortina whitish or lilac, 
ephemeral. Context white in pileus, + lilac in stipe, 
rarely with reddish-pink hue at stipe apex. Odor spermatic, 
often strong. 

Spore deposit brown. Basidiospores (8.5)9-10 x 5.5-6.5 
pm, (E = 1.4-1.8, E, = 1.6), smooth, subamygdaliform with 
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small apiculus and conical apex, walls thick. Basidia 30-32 
x 8-10 um, clavate, 4-sterigmate, clamp connections. 
Pleurocystidia numerous, 50-80 x 8-14 um, variable in shape, 
primarily subcapitate, less frequently utriform, fusiform, 
or capitate, often with thin pedicel, without crystals at 
apex, clamp connections; walls pale, 1-2 um thick. 
Cheilocystidia similar to pleurocystidia; paracystidia 7-10 
x 5-7 pm, narrowly clavate. Caulocystidia absent. 
Pileipellis hyphae parallel, 6-9(-12) wm wide, slightly 
swollen, encrusted, clamp connections. Lamellar trama 
parallel, hyphae slightly swollen, 8-10 um wide, clamp 
connections. 

Habitat and Distribution: fruiting in summer under 
mature Populus tremuloides in Montana. Widespread in Europe 
with hardwoods. Also reported in North America from 
Michigan and Washington. 

Collections examined: Park County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 351A (VPI), CLC 407, CLC 408, 
CLC 409(VPI), CLC 478 (VPI), CLC 480, CLC 536, CLC 674, CLC 

665, CLC 723. 

Observations: At least three species of Inocybe with lilac 
tints are found with Populus tremuloides. Inocybe 
griseolilacina is distinct in having subcapitate cystidia 
as drawn by Stangl (1989). I. pusio has a smoother pileus, 
and I. phaeocomis v. major has dark fibrils on the stipe. 

Inocybe griseolilacina has been reported from Mt. 
Rainier National Park in Washington (Smith and Stuntz 1950) 
and from Michigan under hardwoods or in mixed woods (Stuntz 
1954). The Michigan specimens had thinner stipes. 
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Fig. 32. Inocybe giacomi. Sporocarps, spores, 
cheilocystidia, and basidia. Fig. 33. Inocybe 
griseolilacina. Sporocarps, spores, pleurocystidia, and 
basidia. Left bar = 1 cm., and right bar = 10 umm. 
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Inocybe lacera (Fr.:Fr.) Kumm. var. lacera 

Figs. 34 and 47. 

DIAGNOSIS: Pileus hemispheric, dark brown, light brown, 
light yellow brown, woolly or lacerate with recurved scales; 
stipe rough fibrous; thick-walled pleurocystidia; spores 12- 
14 x 4.5-5 pm, smooth, long elliptical or slightly angular. 

DESCRIPTION 

Pileus 15-40 mm in diameter, up to 4 mm high in center, 
typically hemispheric, occasionally conic-convex, or nearly 
applanate, not umbonate or indistinctly so, medium or dark 
brown (6E6) when young or protected from elements, light 
brown or pale yellow brown (5D8) in age or when weathered, 
at first woolly-tomentose over entire pileus, becoming 
aereolate in center, outwardly lacerate with recurved 
scales, tips of scales often lighter than cap color, 
particularly at margin; margin turned under or not, entire, 
often obscured by fibrillose scales, occasionally split when 
weathered; rarely with velar material in center, whitish, 
tan, causing pileus to appear smoother and lighter colored. 
Lamellae broadly or narrowly attached, depressed at stipe 
apex, crowded in youth, moderately broad (2-8 mm), white at 
first, then yellow brown, cocoa brown, rather light colored, 
may bruise brown. stipe 10-45 x 3-6(10) mm, long or very 
short, often buried in sand, stout in young specimens, 
longer and thinner in age, equal or tapering towards base, 
straight or flexuous, dingy white, light brown, yellow 
brown, dark brown, darker towards base, white at apex, 
surface rough fibrous (more rarely smoother), smooth above 
cortina, lighter-colored fibrils in patches, tough, firn, 
not fragile. Context white, watery tan. Odor faintly 
spermatic, none, or fungoid. 

Spores brown in deposit. Basidiospores 12-14 x 4.5-5 
(E = 2.6-3.0, E, = 2.8), cylindrical, long elliptical, 
smooth, or slightly angular, with thick walls. Basidia 23- 
27 x 8-9 wm, clavate, 4-sterigmate, infrequently 2- 
sterigmate, clamp connections. Pleurocystidia common, 54-68 
x 10-19 um, subfusiform, with fine crystals or none at apex, 
walls thick, 1-2(-3) wm, colorless, clamp connections. 
Cheilocystidia similar to pleurocystidia or broader, some 
subcapitate; paracystidia 25-30 x 10-15 wm, variable, thin 
walled, clavate. lLamellae trama parallel, hyphae 5-8 um 
wide, walls smooth, clamp connections. Piliepellis a 
trichoderm, hyphae 10-12 um wide, encrusted, pigmented, not 
swollen or slightly swollen, clamp connections. 
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Habitat and Distribution occurring at edge of aspen 
clones, in sandy soil, in Montana. Widespread in Europe, 
also in North America with conifers and hardwoods, found 
most often in sandy soil, and on mine spoils. 

Material examined: U.S.A.: (collected by C. Cripps) 
Silverbow County, Montana, CLC 076, CLC 158, CLC 162, CLC 
173, CLC 367, CLC 450, CLC 448, CLC 496, CLC 574, CLC 575, 

CLC 620, CLC 712, CLC 745(VPI), Fremont County, Idaho, CLC 
325(VPI). 

Observations: Collection CLC 325 from the Targee forest 
(under mixed aspen, willow, & conifers) possessed spores 
which ranged from 6.5 to 17 wm in length, and their shape 
was variable. Basidia were 1-, 2-, and 4-sterigmate. This 
collection fits Favre's (1955) description of I. lacera 
(Fr.) forme foncee heterosporique (1955), also reported as 
I. lacera (Fr.) var. heterosperma (Grund & Stuntz 1977) 
from Nova Scotia. This is the first report of variety 
heterosperma from western North America. 

Inocybe longispora M. Lange 

Figs. 35 and 47. 

DIAGNOSIS: Pileus broadly convex, or applanate with low 
umbo, light orange brown, often with white velipellis, 

center smooth, outward indistinctly radially fibrous; 
lamellae deeply sinuate, grayish brown; stipe equal, or 
rarely appearing submarginate, firm, stout; pleurocystidia 
thick-walled; spores 11-14 x 4.5-5.5 um, smooth, long 
elliptical, 

COMPLETE DESCRIPTION 

Pileus 18-60 mm in diameter (round when observed from 
above), up to 8 mm high at apex, at first conic convex with 
low umbo or rounded apex and inturned margin, becoming 
broadly convex, with prominent rounded umbo, or sharper 
apex, and down turned margin, or applanate; fresh fruitings 
bright orange brown with white velipellis, older specimens 
dingy brownish orange with + velipellis in concentric 
patches at margin; dirt adheres to fresh specimens with 
velipellis in collecting container, but not to older 
specimens; center smooth or covered with velipellis, outer 
part indistinctly radially fibrous, fibers not diverging; 
margin occasionally white with velipellis. Lamellae deeply 
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sinuate, attachment narrow, broadly rounded, almost free, 
broad (3-9 mm), white at first, then gray, finally gray- 
brown (or with yellow cast), edges white. Stipe 20-60 x 4-9 
mm, stout, firm, equal, or with slightly swollen base, 
rarely somewhat submarginate; white at first, then pale 
ocher, watery orange, white at base, smooth, appearing 
pruinose in top half, not truly pruinose, fibrous-striate, 
with fine longitudinal white hairs. Cortina not noted. 
Flesh white, or watery orange, slowly reddening (or pink) at 
stipe apex in a few specimens, firm. Odor faintly to 
strongly spermatic. 

Spore deposit brown. Basidiospores 11-14(15.5) x 4.5- 
5.5 pm. (E = 2.0-3.2, E, = 2.6), smooth, long narrow 
elliptical or slightly irregular, with small apiculus, 
without conical apex (rarely with conical apex), often 1- 
guttulate, with thick walls. Basidia 25-35 x 8-10 un, 
clavate, 4-sterigmate, clamp connections. Pleurocystidia 
frequent, not abundant, 63-76 x 18-27 um, fusiform (no 
distinct neck), more rarely subfusiform, or broadly clavate, 
with narrow base, crystals at apex, clamp connections at 
base; walls thick, 2-3(-4) uwm., colorless. Cheilocystidia 
Similar to pleurocystidia, or slimmer with thinner walls and 
with narrower neck. Caulocystidia rare, fusiform with 
narrow base, walls <1 um, without crystals. Lamellar 
trama parallel, hyphae 9-12(-28) um wide, walls smooth, 
frequent clamp connections. Pileipellis hyphae parallel, 7- 
12(-17) wm wide, encrusted, inflated, with thick walls, 
clamp connections. 

Habitat & distribution: with Populus tremuloides on 
dry, sandy soil in late spring and early summer. Also 
reported with Salix in the Alps. 

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 743 (VPI), CLC 621, CLC 377. 

Observations: I. longispora is similar to I. pruinosa 
which has wider spores (5-6.5 um), abundant clusters of 
caulocystidia (rare in Montana specimens), and the stipe is 
not described as reddening. I. longispora was discussed in 
Kuyper (1986) in the notes on I. pruinosa. Identification 
of CLC 743(VPI) was confirmed by Kuyper. 

Lange (1957) described I. longispora with willow in 
sandy soil in Greenland. Specimens described here are 
larger, have a spermatic odor, but are otherwise similar. 
To the author's knowledge, this is the first report of this 
species in North America, and the first report with aspen. 
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Fig. 34. Inocybe lacera. Sporocarps, spores, 
pleurocystidia, and basidia. Fig. 35. Inocybe longispora. 
Sporocarps, spores, pleurocystidia, and basidia. Left bar = 
1 cm., and right bar = 10 unm. 
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Inocybe mixtilis (Britz.) Sacc. 

Figs. 36 and 48. 

synonym: I. trechispora sensu Kauffman (Grund and Stuntz 
1980). 

DIAGNOSIS: Pileus conic-convex, + umbonate, honey-colored, 
viscid; stipe bright white, distinctly marginate, pruinose 
for entire length; thick-walled pleurocystidia; spores 7.5- 
9.5 x 5.5-6.5 pum, nodulose. 

DESCRIPTION 

Pileus 15-40 mm in diameter, conic-convex, conic- 
campanulate, or almost applanate, with rounded, papillate, 
or indistinct umbo, light brownish orange (5C6), honey, 
ocher, darker brown when young, entirely smooth, or smooth 
in center and outwardly indistinctly radially fibrous, 
fibrils not diverging, greasy or subviscid, more rarely dry 
and shiny; margin not rimose; velipellis in center, or at 
margin of young specimens, dingy white. lLamellae narrowly 
attached, sinuate, almost free, broad (-6 mm), at first 
cream or light gray, then grayish brown or brown; edges 
concolorous. Stipe 40-60 x 4-7 mm, equal down to distinct 
cuplike marginate base (-10 mm), straight or curved, 
strikingly white, + with yellow or ocher hues, finely 
pruinose for entire length. Cortina present. Context 
white. Odor none or faintly spermatic. 

Spore deposit brown. Basidiospores 7.5-9.5 x 5.5-6.5 
pm (E = 1.3-1.8, E, = 1.5), nodulose, with about 8 
protruding knobs, and apiculus. Basidia 20-28 x 7-9 unm, 
clavate, 4-sterigmate, clamp connections. Pleurocystidia 
common, 40-58 x 14-19 wm, fusiform to subfusiform, crystals 
at apex; walls pale yellow, 3-4 um thick, clamp connections. 
Cheilocystidia similar to pleurocystidia; paracystidia 13 x 
9 pm, thin-walled, clavate. Caulocystidia similar to 
pleurocystidia, with thinner walls, on entire stipe, 
accompanied by paracystidia. Lamellar trama parallel, 
hyphae 3-4 um wide, clamps not observed. Pileipellis a 
parallellocutis or mixocutis, with + thin layer of 
agglutinated hyphae at surface, hyphae below 6-7 um wide, 
encrusted, pigmented, clamps connections. 

Habitat and Distribution under Populus tremuloides in 
Montana. Widespread and common in Europe and North America 
with hardwoods and conifers. One of the commonest species 
on the West coast of North America (Grund and Stuntz 1980). 
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Material examined: U.S.A.: (collected by C. Cripps) 
Silverbow County, Montana, CLC 449, CLC 629(VPI), CLC 630, 
CLC 631, CLC 684, CLC 668; Park County, Montana, CLC 413, 

CLC 724. 

Observations: Inocybe mixtilis is similar to I. 
pratervisa, which has a larger fruiting body, and larger 
spores 9-12.5 x (6.5)7-8(-9) unm. 

Stuntz and Grund (1980) state that their specimens of 
I. mixtilis (Britz.) Sacc. also represent I. trechispora 
sensu Kauffmann, and that both concepts are the same taxa. 
  

Inocybe nitidiuscula (Britz.) Sacc. 

synonym: Inocybe friesii R. Heim 

Figs. 37 and 48. 

DIAGNOSIS: Pileus conic-campanulate with inflexed margin, 
brown, often with coppery tints, shiny (rarely dull), 
radially fibrous, brown fibrils uniformly aligned, which 
darken in age; stipe long, white, club-shaped, gradually 
enlarged towards base, watery orange at apex. Pleurocystidia 
thick-walled, spores 10-12(-13.5) x 5.5-6.5(-7.5) mm, 
smooth, subamygdaliform. 

DESCRIPTIONS 

Pileus 10-40 mm in diameter, conic-convex when young 
with inflexed margin, then expanded conic-convex or 
campanulate, margin remaining inflexed, umbonate, less 
frequently without umbo, occasionally applanate, medium 
brown (6E5), dark brown, grayish brown, + coppery tints 
(8E8), infrequently with whitish "bloom" from velipellis 
covering entire cap, shiny (or dull), becoming shiny on 
drying, center smooth or minutely woolly, distinctly 
radially fibrous, of uniformly aligned brown fibrils 
("combed of Stangl") which darken to almost black, and do 
not diverge, or diverge infrequently at margin revealing 
white context, making margin appear lighter. lLamellae 
attachment narrow or broad, sinuate or adnate, depressed at 
stipe apex, occasionally broad (-7 mm), white or cream at 
first, then brown, milk coffee, yellow brown, edges white, 
tan, or concolorous. stipe 25-60(-80) x 3-7 mm, long, 
gradually enlarged towards base, "club-shaped", straight, or 
curved at base, white, + watery orange in upper half, 
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heavily floccose-pruinose in upper third, covered with 
longitudinal white hairs on lower stipe (watery orange if 
hairs are removed on handling). Cortina white, ephemeral, 
noted only in young specimens. Context white, watery orange 
in top half or whole length of stipe. Odor spermatic. 

Spore deposit brown. Basidiospores 10-12(-13.5) x 5.5- 
6.5(-7.5) wm (E = 1.7-2, E, = 1.8), smooth, thick-walled, 
subamygdaliform, with or without conic apex which is 
occasionally large, and small apiculus. Basidia 22-44 x 9- 
12 um, clavate, 4-sterigmate, clamp connections. 
Pleurocystidia frequent, 50-63 x 13-22 um, variable, 
subfusiform, narrowly subfusiform, broadly fusiform, 
crystals at apex (or broadly fusiform without crystals), 
walls 2-4 wm thick, colorless, pale green, clamp 
connections. Cheilocystidia similar to pleurocystidia; 
paracystidia 6-8 x 16-18 um, clavate, thin-walled. 
Caulocystidia rare, similar to pleurocystidia, or long and 
narrow (up to 60 pum), crystals at apex; paracystidia and 
caulocystidioid hairs also present. Lamellar trama parallel, 
of swollen hyphae, 6-10(-18) um wide, clamp connections. 
Pileipellis hyphae parallel, 6-9 um wide, encrusted, 
pigmented, clamp connections. 

Habitat and Distribution with Populus tremuloides in 
Montana. Widespread in Europe, particularly with conifers, 
more rarely with hardwoods. Also reported from North 
America as I. freisii R. Heim. 

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 613, CLC 614, CLC 683; Park 
County, Montana; CLC 666, CLC 609(VPI). 

Observations: Inocybe friesii R. Heim is a synonym of 
I. nitidiuscula according to Kuyper (1986) and Stangl 
(1989). It has been reported under this name from Nova 
Scotia (Grund and Stuntz 1968) and Washington (Stuntz, 
unpublished) with conifers and Fagus, and from the alps with 
salix and Dryas (Favre 1955). 
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7 O)   
Fig. 36. Inocybe mixtilis. Sporocarps, spores, 
pleurocystidia, and basidia. Fig. 37. Inocybe nitidiuscula. 
Sporocarps, spores, cheilocystidia, and basidia. Left bar = 
1 cm., and right bar = 10 um. 
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Inocybe cf. obscurobadia (Favre) Grund & stuntz 

synonym: I. tenuicystidiata Horak & Stangl 

Figs. 38 and 49. 

DIAGNOSIS: Pileus campanulate, convex, with small round 
umbo, honey, brown (+ bruising gray-black), center often 
minutely aereolate, outwardly with radial fibers in bundles 
(appearing minutely squamose or roughened), fibers black, 
especially at margin, not diverging; lamellae pale yellow, 
yellow gray, yellow brown; stipe white, equal, + bruising 
gray-black; pleurocystidia subfusiform, long and thin, often 
with flexuous necks; spores 9-12 x 5-6 um, smooth, 
amygdaliform. 

DESCRIPTION 

Pileus 15-50(-70) mm in diameter, when young conic- 
convex, with inflexed margin, becoming broadly conic-convex, 
campanulate, convex, or applanate with small round umbo 
(rarely without umbo), dull, light brown, medium brown, dark 
brown, often with yellow tints (honey-colored), occasionally 
with gray-black (sooty) stains, center smooth or minutely 
aereolate, radially fibrous with fibers in bundles, often 
appearing (sub)squamulose or roughened, fibrils concolorous 
or black, darker at margin, not diverging; velipellis 
present or not, dingy yellowish gray. Lamellae deeply 
Sinuate, adnexed, deeply depressed at stipe apex, well- 
separated, somewhat broad (-7 mm), pale yellow, yellow-gray, 
grayish brown, yellow brown, staining grayish-black (sooty), 
or spotting brown. Stipe 25-70 x 3-6(-12) mm, equal or 
gradually enlarging towards base, dull dirty white, + with 
grayish-black stains, felty white at base, pruinose at apex, 
longitudinal fibrils for most of length, firm. Cortina 
whitish, soon gone. Context white, watery ocher in stipe 
apex. Odor spermatic, often mixed with a fragrant flower- 
like smell (which may be Pelargonium-like). 

Spore deposit brown. Basidiospores 9-12 x 5-6 wm (E = 
1.8-2.2, E, = 2), amygdaliform with conical apex, and small 
apiculus, smooth, thick-walled. Basidia 27-36 x 8-13 un, 
clavate, 2- and 4-sterigmate, clamp connections. 
Pleurocystidia frequent, 63-76(90) x 12-16 um, narrowly 
subfusiform, + flexuous necks, crystals at apex or not; 
walls 3-4(-5) wm thick, color variable, colorless, pale 
yellow, bright yellow, clamp connections. Cheilocystidia 
similar to pleurocystidia, walls typically more yellow; 
paracystidia clavate, thin-walled, 9-15 um, clamp 

187



connections. Lamellar trama parallel, of slightly swollen 
hyphae 4-15 um. Piliepellis hyphae parallel, 6-15(-23) pum 
wide, swollen, encrusted, clamp connections. 

Habitat and Distribution: under Populus tremuloides in 
Montana. Reported from Europe with Alnus, Salix, Populus, 
Quercus, Picea, and Pinus. 

    

  

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps): CLC 611, CLC 685, CLC 685(VPI), 
CLC 687, CLC 749. 

Observations: The correct and accepted name of this 
taxon is not completely certain. The flexuous cystidial 
necks seem diagnostic, but the cystidia are quite variable 
in the Montana collections. The pileus and stipe often 
bruise grayish black, not mentioned in other descriptions. 

There are also nomenclatural problems with this 
taxon. The name I. obscurobadia (J. Favre) Grund and Stuntz 
is considered correct by Kuyper (1986) and Stangl (1989), 
but the taxon described by Grund and Stuntz (1977) is 
apparently not the same fungus. Also, Horak and Stangl 
(1980) described the taxon under question as I. 
tenuicystidiata Horak and Stangl, which Stangl (1989) later 
synonymized with I. obscurobadia. 

Inocybe phaeocomis (Pers.) Kuyp. var. major S. Peterson 

Figs. 39 and 49. 

DIAGNOSIS: Pileus convex, light or dark brown with 
appressed squamules; lamellae with lilac tint; stipe equal, 
apex lilac, with dark brown fibrils over whole length, 
particularly at base; pleurocystidia long (-100 um) and 
narrow (-23 um), with thick yellow walls; spores (8.5)9-11 x 
5.5-6.5, subamygdaliform, smooth. 

DESCRIPTION 

Pileus 15-45 mm in diameter, conic-convex when young with 
inrolled margin, then hemispherical or broadly convex, 
applanate, or slightly concave, without umbo or umbo 
indistinct, light brown (6D6), yellow-brown, medium brown, 
appressed squamulose in center, scales dark umber or 
concolorous, recurving in age, radially fibrous towards 
Margin (or squamulose), fibrils not diverging (except at 
margin in age); occasionally rimulose. Lamellae attachment 
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broad, adnexed, more rarely sinuate or subdecurrent, 
somewhat broad in mature specimens, well-spaced, a 

combination of white-gray-lilac hues when young, later 
yellow-brown or brown; margin indistinctly fimbriate, 
concolorous; velipellis present or not. stipe 35-75 x 3-7 
mm, equal, straight or slightly flexuous, tough, fibrous, 
lilac at apex or entire length, more rarely without lilac 
tones (check young specimens in the field), otherwise 
whitish-gray, with dark brown fibrils over entire length, 
but particularly towards base, fibrils obvious, almost 
reticulate. Cortina in young specimens, ephemeral, buff. 
Context white, lilac in stipe apex. Odor spermatic. 

Spore deposit brown. Basidiospores (8.5)9-11 x 5.5-6.5 
(E = 1.6-1.8, E, = 1.7), smooth, subamygdaliform, with small 
apiculus, obtuse apex, less frequently with conic apex, 
somewhat lemon-shaped, thick-walled. Basidia 22-36 x 9-11 
um, Clavate, 4-sterigmate, clamp connections. Pleurocystidia 
numerous, 60-100 x 14-23 um, narrowly fusiform, pedicel 
long, crystals at apex, walls 1-3 wm thick, pale or bright 
yellow, clamp connections. Cheilocystidia similar to 
pleurocystidia but shorter (-60 um); paracystidia 13-36 x 9- 
18 wm, pyriform or clavate, walls brown encrusted. 
Caulocystidia absent, or extremely rare, similar to 
pleurocystidia. Pileipellis hyphae parallel, 7-20(30) um 
wide, encrusted, inflated, clamp connections. Lamellar 
trama parallel, hyphae 5-20 um wide, slightly inflated, 
walls smooth, clamp connections. 

Habitat and Distribution: with Populus tremuloides in 
Montana. Widespread in Europe with Populus, Tilia, Picea, 
Pseudotsuga. Also reported from western North America with 
conifers. 

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 633, CLC 634(VPI). 

Observations: The lilac color, brown encrusted 
paracystidia, and long thin cystidia are diagnostic for this 
species. Macroscopically it is similar to I. griseolilacina 
which lacks dark fibrils on the stipe. This species has 
been reported with Populus and other trees in Europe, 
particularly in earlier stages of succession (Kuyper 1986), 
as is true of the Montana location. Nisheda (1989) reports 
this species with conifers in California. 
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Fig. 38. Inocybe obscurobadia. Sporocarps, spores, 
pleurocystidia, and basidia. Fig. 39. Inocybe phaeocomis 
var. major. Sporocarps, spores, pleurocystidia, and 
basidia. Left bar = 1 cm., and right bar = 10 un. 
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Inocybe pseudodestricta Stangl & Veselsky 

Figs. 40 and 50. 

DIAGNOSIS: Pileus convex, light brown, radially fibrous; 
lamellae narrow, somewhat close, often subdecurrent, pale 
yellow, or dark yellow, staining reddish brown; stipe equal, 
long (35-50 mm), white, with + incarnate apex; 
pleurocystidia thick-walled, spores 8.5-10.5 x 5-5.5(-6.5) 
um, smooth, subamygdaliform. 

DESCRIPTION 

Pileus 10-20 mm in diameter, broadly convex, 
hemispheric, not umbonate, occasionally indistinctly so, 
light brown (5D5), medium brown, + coppery hues on drying, 
radially fibrous, fibrils not or only slightly diverging, 
ary or somewhat shiny; margin inflexed at first, then 
straight, not rimose. Lamellae broadly to narrowly 
attached, subdecurrent, somewhat close, narrow, pale yellow 
when young, then dark yellow, staining reddish brown, edges 
yellow. Stipe 35-50 x 3-4 mm, rather long, equal, slightly 
flexuous, white overall, + rosy at extreme apex, pruinose at 
apex to 1/6 of length, with fine white fibrils over most of 
stipe. Cortina ephemeral. Context white, + incarnate at 
stipe apex. Odor spermatic. 

Basidiospores 8.5-10.5 x 5-5.5(-6.5) wm (E = 1.6-1.9, 
E, = 1.7), smooth, thick-walled, subamygdaliform, with 
obtuse apex, infrequently with conic apex. Basidia 28-30 x 
8-9 um, Clavate, 4-sterigmate, clamp connections; basidioles 
often with yellow contents in KOH. Pleurocystidia 54-63 x 
11-15 wm, subfusiform, crystals at apex, walls 1-3(4) pm 
thick, pale green, pale yellow, clamp connections. 
Cheilocystidia similar to pleurocystidia, walls thinner (-1 
um); paracystidia 18 x 8 um, clavate, thin-walled. 
Caulocystidia similar to cheilocystidia, present at stipe 
apex, with paracystidia, and caulocystidioid hairs. 
Lamellar trama parallel, hyphae 5-10 um wide, somewhat 
swollen, walls smooth, clamp connections. Pileipellis hyphae 
parallel, 6-9(-15) wm in diameter, slightly swollen, 
encrusted, pigmented, clamp connections. 

Habitat and Distribution: rare, found under Populus 
tremuloides in Montana. Reported from Europe with Populus, 
Quercus, and Betula. 

Material examined: Park County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 608(VPI). 

Observations: Inocybe pseudodestricta differs from I. 
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nitidiuscula, by a lighter brown, nonumbonate pileus. Also, 
the gills are narrower and conspicuously yellow. Inocybe 
pseudodestricta has been reported with Populus in Europe, 
where it is widespread, but rare. To my knowledge, this is 
the first report of this species in North America. 

Inocybe pusio P. Karst. 

Figs. 41 and 50. 

DIAGNOSIS: Pileus conic-convex, pale brown, radially 
fibrous (not squamose); lamellae light brown; stipe equal, 
white, apex lilac (which fades), pruinose at apex, silky 
striate; pleurocystidia thick-walled, slenderly subfusiform; 
spores 9-9.5(-10) x 5-5.5 um, smooth, subamygdaliform. 

DESCRIPTION 

Pileus 25-40 mm in diameter, conic-convex, applanate, 
occasionally with uplifted margin, broadly umbonate, light 
brown, yellow brown, ocher, lighter at margin, smooth in 
center, outward radially fibrous; margin + rimulose; 
velipellis indistinct, whitish. lLamellae sinuate, broad (-5 
mm), Clay, light brown, brown, edges white. Stipe 50-70 x 
4~5 mm, equal, or slightly enlarged at base, undulating, 
white, lilac at apex (not obvious, soon gone), becoming pale 
yellow brown, pruinose to 1/6, white, silky striate, firm, 
solid. Cortina white, on margin of young specimens. 
Context white, stipe apex lilac. Odor strongly spermatic. 

Basidiospores 9-9.5(-10) x 5-5.5 um (E = 1.6-2.0, E, = 
1.8), smooth, subamygdaliform, apex obtuse or conic, thick- 
walled. Basidia 27-30 x 8-10 um, clavate, 4-sterigmate, 
clamp connections. Pleurocystidia 36-68 x 10-12 un, 
Slenderly subfusiform, crystals at apex, walls 1 um or less, 
more rarely 2-3 um, pale green, clamp connections. 
Cheilocystidia frequent, similar to pleurocystidia; 
paracystidia 9-12 x 25-27 um, clavate, thin-walled. 
Lamellar trama parallel, hyphae, 9-14 wm wide, smooth, clamp 
connections. Caulocystidia similar to cheilocystidia, not 
common. Piliepellis hyphae parallel, 10-18 wm in diameter, 
swollen, encrusted, pigmented, clamp connections. 

Habitat and Distribution: under Populus tremuloides in 
Montana. Reported in Europe with Populus, Tilia, Picea, and 
Pinus. Also reported from western North America. 

    

  

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 375(VPI). 

Observations: The lilac color in this species is 
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Fig. 40. Inocybe pseudodestricta. Sporocarps, spores, 
pleurocystidia, and basidia. Fig. 41. Inocybe pusio. 
Sporocarps, spores, pleurocystidia, and basidia. Left bar = 
1 cm., and right bar = 10 unm. 
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typically confined to the stipe apex. It is not always 
distinct, and can be absent altogether. The lamellae and 
pileus usually lack lilac tints. Inocybe pusio has been 
reported with conifers in California (Nisheda 1989). 

Inocybe sindonia (Fr.) P.Karst. 

Figs. 42 and 51. 

DIAGNOSIS: Pileus convex, or plane, white, beige, smooth or 
indistinctly radially fibrous; stipe equal, firm, white, 
striate, pink tint at apex; pleurocystidia long (-100 um) 
and thin (-18 um) with a pedicel, and thick yellow walls; 
spores 8.5-10 x 4.5-5.5 um, subamygdaliform, smooth. 

DESCRIPTION 

Pileus 15-45 mm in diameter, hemispheric or convex when 
young, at maturity shallowly conic convex, applanate, with + 
uplifted margin, small umbo in some specimens (absent from 
young sporocarps), white, cream, beige (4B3), light brown, 
greasy or dry, smooth or indistinctly radially fibrous, 
fibrils not diverging, breaking up towards margin in age, 
with indistinct velipellis; margin entire, rarely rimulose. 
Lamellae sinuate, extending as ridges down stipe, broad, 
white, cream, light brown (5C6), or with yellow-gray-tan 
hues, remaining light-colored. Stipe 10-40(-50) x 2-5 mn, 
equal, or gradually enlarged towards base, rarely flared at 
apex, white, cream, + incarnate or watery orange at apex, 
indistinctly pruinose for 1/6 to 1/3 of length, striate, 
particularly at apex, with white longitudinal hairs, firm. 
Cortina white. Context white, incarnate in stipe apex (+ 
yellow hues), firm in stipe. Odor faintly spermatic or like 
a wet dog. 

Basidiospores 8.5-10 x 4.5-5.5 um (E = 1.6-2, E,.1.9), 
smooth, subamygdaliform with subconical to obtuse apex, less 
frequently regular, or irregular, a few obviously larger (12 
x 5.5 um). Basidia 27-32 x 7-9 um, clavate, most 4- 
sterigmate, less frequently 2-sterigmate, clamp connections. 
Pleurocystidia numerous, 63-90 x 12-18 um, narrowly 
subfusiform with pedicel, crystals at apex; walls 2-4(5) yum 
thick, pale to bright yellow; paracystidia 18 x 11 un, 
clavate, thin-walled, clamp connections. Caulocystidia 
similar to pleurocystidia, in clusters with paracystidia. 
Lamellar trama parallel, regular, hyphae slightly inflated 
5-10(-12) um wide. Pileipellis parallel, hyphae 9-12(-20) 
um, inflated, yellow-brown contents, walls smooth, with 
clamp connections. 
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Habitat and Distribution: with aspen, willow, and alder 
in wet areas in Montana. Widespread in Europe and North 
America with hardwoods and conifers. 

Material examined: Silverbow County, Montana, U.S.A.: 
(collected by C. Cripps) CLC 783(VPI), CLC 784. 

Observations: The spore size of Montana specimens is 
the same as reported by Moser (1978), and somewhat larger 
than reported by Kuyper (1986) but ranges overlap. The 
surface of the pileus of Montana specimens was not 
subsquamulose, as is often reported for this species. 
Kauffman (1924) reported this species from Eastern United 
States, Colorado, Washington, and Oregon. 

Inocybe whitei (B. & Br.)Sacc. f. whitei 

synonym: I. pudica Kuhner 

Figs. 43 and 51. 

DIAGNOSIS: Pileus conic-convex, with knobby umbo, white, 
staining salmon; stipe equal, thin, white, staining salmon; 
pleurocystidia thick-walled; spores (8.5)9-10 x 5-5.5 un, 
smooth, regularly elliptical, 

DESCRIPTION 

Pileus 10-30 mm in diameter, conic with inflexed margin 
covered by cortina when young, then conic-convex, with 
distinct knobby or papillate umbo, + uplifted wavy margin, 
greasy or dry, entirely smooth, or umbo smooth and outward 
radially fibrous, fibrils not diverging or only in extreme 
age, white, staining salmon color (7B6), umbo can be yellow- 
brown; margin entire or slightly rimulose in age, rarely 
rimose. Lamellae attachment narrow, sinuate, almost free, 
depressed at stipe apex, well-spaced, somewhat broad (-6mm), 
white, or cream when young, then light brown, yellow-brown, 
gray brown, staining salmon (+ salmon in dried specimens), 
edges white. Stipe 25-60 x 2-5 mm, long and slender, equal 
or slightly swollen at base, straight or undulating, white, 
staining salmon, apex pruinose-flocculose, longitudinal 
fibrils on remainder of stipe. Cortina white, copious in 
young specimens, soon gone. Context white, or with salmon 
or ocher stains. Odor spermatic. 

Spore print brown. Basidiospores (8.5)9-10 x 5-5.5 (E 
= 1.7-2.0, E, = 1.9), smooth, elliptical, with small 
apiculus, walls thick. Basidia 23-27 x 7-9 um, clavate, 4- 
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sterigmate, clamp connections. Pleurocystidia common to 
sparse, 50-58 x 15-18 um, subfusiform, fusiform, sparse 
crystals at apex, walls 1-2(3) wm thick, bright or pale 
yellow, clamp connections. Cheilocystidia numerous, similar 
to pleurocystidia, frequently with bright yellow contents, 
walls bright yellow; paracystidia rather round, 13 x 8 um, 
thin-walled, clamp connections. Caulocystidia similar to 
pleurocystidia, rare. Lamellar trama parallel, hyphae 4-6 
um wide, not swollen, clamp connections. Pileipellis a 
parallelicutis, hyphae inflated 6-8(-14) um wide, not 
pigmented, smooth or slightly rough walls, clamp 
connections. 

Habitat and Distribution: in riparian areas, in Montana 
and Idaho with pure aspen or in mixed woods of aspen, 
Willow, and alder. Reported from central Europe with 
conifers and Fagus. Common in western North America, rare 
east of the Rocky Mountains. 

Material examined: U.S.A.: (collected by C. Cripps) 
Silverbow County, Montana, CLC 366; Park County, Montana, 
CLC 669, CLC 347(VPI), CLC 406; Teton County, Idaho, CLC 
527, CLC 301. 

Observations: Kuyper (1986) considers this species to be 
rarely umbonate, with more prominently umbonate forms 
belonging to I. whitei f. armeniaca (Huijsman) Kuyp. Except 
for the prominent umbo, Montana specimens better fit the 
form whitei, primarily because of the yellow cystidial 
walls. Grund and Stuntz (1981) report I. pudica Kuhner, 
which Kuyper (1986) and Stangl (1989) consider a synonym, 
from Nova Scotia, and cite it as one of the commonest 
species of Inocybe along the west coast of North America. 
The caps of their specimens were not umbonate. 

This species is often found with conifers, and has 
not, to our knowledge, been reported with aspen. 
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Fig. 42. Inocybe sindonia. Sporocarps, spores, 
pleurocystidia, and basidia. Fig. 43. Inocybe whitei. 
Sporocarps, spores, pleurocystidia, and basidia. Left bar = 
1 cm., and right bar = 10 unm. 
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Fig. 44. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe dulcamara. b. Inocybe flavella. 
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Fig. 45. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe flocculosa. b. Inocybe geophylla. 
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Fig. 46. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe giacomi. b. Inocybe griseolilacina. 
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Fig. 47. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe lacera. b. Inocybe longispora. 
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Fig. 48. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe mixtilis. b. Inocybe nitidiuscula. 
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Fig. 49. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe obscurobadia. b. Inocybe phaeocomis. 
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Fig. 50. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe pseudodestricta. b. Inocybe pusio. 
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Fig. 51. Species of Inocybe occurring with Populus tremuloides 
in Montana. a. Inocybe sindonia. b. Inocybe whitei. 
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DISCUSSION 

Species of Inocybe were common in Populus tremuloides 

stands in Montana. However, fruiting bodies were more 

prevalent in some aspen stands, and rare in others. Only 

three collections were found in the extensive mature aspen 

stands near Felt, Idaho, which were studied intensively for 

three years (Cripps and Miller 1993). Aspen may have 

persisted in this area for quite some time. The silty soil 

and extremely dense understory were quite different from the 

other areas studied. The Montana aspen stands studied had a 

sparser understory and sandy or loamy soil, which appears to 

be more conducive to the fruiting or the presence of this 

genus. 

Thirteen of the 16 species of Inocybe occurring with 

aspen in the north central Rocky Mountains have smooth 

spores, metuloids, and a cortina, making them members of 

supersection Cortinatae as treated by Kuyper (1986). One 

nodulose spored species, I. giacomi, is also a member of the 

Cortinatae. There is little information on the occurrence 

of Inocybes with aspen, and it is possible that species in 

the supersection Cortinatae dominate aspen's Inocybe flora 

in other areas of North America, or on other continents. 

Additional evidence is gained from Kuyper (1986). He lists 

12 smooth spored species with the genus Populus (none of 
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them exclusively) in Europe, and 3/4 of these are in the 

Cortinatae group. This hypothesis should be tested with 

wider coverage of the ectomycorrhizal associates of aspen. 

The genus Inocybe is a prominent part of the mycoflora 

of Salix, another member of the Salicaceae. Watling (1992) 
  

lists 17 species with willow in Britain, and Delzenne- 

VanHaluwyn (1971) lists 23 species with willow in Europe. 

Similar to aspen, a majority of the species reported by 

Watling (9) are in Cortinatae, compared to 4 in Marginatae. 

Similarly, Delzenne-VanHaluwyn (1971) reported over 10 

species in Cortinatae with willow in Europe, and only two in 

Marginate. The predominance of Cortinate species as a 

pattern in the Salicaceae remains to be tested. The 

protection provided by a cortina could predispose these 

species to the pioneering habitats where members of the 

Salicaceae are found. Nodulose spored species appear to be 

more common with willow, than with aspen. Half (8) of the 

species of Inocybe listed by Watling (1992) with willow have 

nodulose spores, in contrast to the two found with aspen. 

It is also possible that these differences are ecological, 

geographic or climactic, and not tied to host. 

Six of the Montana species are listed as occurring 

with Populus as well as other trees in Europe: I. flavella, 

I. phaeocomis var. major, I. pusio, I. pseudodestricta, I. 

flocculosa, and I. obscurobadia (Kuyper 1986). Several of 
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the Montana species prefer deciduous woods in Europe, but 

only I. griseolilacina has been recorded exclusively in 

deciduous forests. It is interesting to note that I. 

squamata J. Lange, which associates mainly with Populus in 

Europe, did not occur in the Rocky Mountain stands. 

Species of Inocybe are common with willow in arctic and 

alpine habitats. All 16 of the species reported here with 

aspen in Montana have been recorded in one or several papers 

on arctic alpine fungi, primarily with willow (Lange 1957; 

Favre 1955, 1960; Delzenne~VanHaluwyn 1971; Horak 1987; 

Miller 1987; Watling 1987; Printz 1992). 

All smooth-spored species of Inocybe from Montana 

except I. longispora are reported as widespread in Europe 

by Kuyper (1986). All of the species of Inocybe with aspen 

in Montana have been reported from Scandinavia, except I. 

longispora and I. giacomi (Printz 1992). The nodulose- 

spored I. mixtilis is common in Europe, and I. giacomi is 

rarely reported. 

All of the Montana species except three have been 

reported from North American. To my knowledge, this is the 

first report of I. flavella, I. longispora, and I. 

pseudodestricta from North American. Inocybe giacomi has 

been reported from Alaska as I. boltonii Heim sp. giacomi 

(Favre) Miller. Many taxa have been reported under 

synonymous epithets in the North American literature: I. 
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flocculosa (Berk.) Sacc. as I. gausapata Kuhner (Grund and 

Stuntz 1981), I. mixtilis (Britz.) Sacc. as I.trechispora 

(Grund and Stuntz 1980), I. nitidiuscula (Britz.) Sacc. as 

I. friesii f. nemorosa R. Heim (Grund and Stuntz 1968), I. 

obscurobadia (J. Favre) Grund & Stuntz (not the taxon sensu 
  

Grund and Stuntz 1977) as I. tenuicystidiata Horak and 

Stangl (Miller 1987), and I. whitei (B. & Br.) Sacc. f. 

whitei as I. pudica Kuhner (Kuyper 1986). Many of these 

nomenclatural problems are discussed in Kuyper (1986). 

All of the species occurring in North America have been 

reported from the western U.S. (if Alaska is included). 

Seven species have previously been reported with aspen in 

Montana (Cripps and Miller 1993), and I. longispora, I. 

mixtilis, I. nitidiuscula, I. obscurobadia, I. phaeocomis 

var. major, I. pseudodestricta, I. pusio, I. sindonia, and 

I. giacomi are reported for the first time with aspen in 

Montana. None of these 16 species has been linked to pure 

aspen in North America, except by the author. 

Five of the species of Inocybe found with aspen had at 

least some two-spored basidia, and several species had a 

spore length/width ratio greater than 2.0. Two sterigmate 

basidia often (but not always) produce the longer spores. 

Both phenomena are characteristic for the genus Inocybe, but 

may possibly occur more frequently in inhospitable habitats. 

If the longer spores from the 2-sterigmate basidia are 
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functional heterokaryons, this would be a decided advantage 

in harsh conditions. It is purely conjecture at this point, 

but the variation in spore size may suggest a variety of 

spore dispersal strategies. Both hypotheses need to be 

tested. 

It remains to be discovered whether a certain subset of 

Inocybe species exist with aspen across its wide range, or 

if Inocybes are "weedy" opportunists limited only by soil 

and environmental constraints, but not by host. It has been 

suggested that this genus, more than any other mycorrhizal 

genus, is tied to the soil rather than to specific hosts 

(Kuyper 1986). None of the Inocybe species reported here 

are restricted to aspen. However, a group of species in the 

subsection Cortinatae occur with Populus in both Europe and 

North America. This may be expected, considering aspen's 

circumboreal distribution and northerly evolution. Careful 

identification and complete ecological notes for collections 

of Inocybe are needed to further elucidate patterns that may 

exist towards host, soil, climate, or geographic 

distribution for species within this genus. 

In conclusion, there seems to be a need to survey the 

ectomycorrhizal associates of aspen over its important 

western range to confirm and fully elucidate the Inocybe 

associates over a broader range of habitats, elevations, and 

soil types. 
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