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INTRODUCTION 

The two Basidiomycete taxa Collybia dryophila (Bulliard ex 

Fries)Kummer and Collybia butyracea (Bulliard ex Fries)Kummer 

have long been surrounded by a halo of uncertainty as to 

their distinct identity. Both these fungi are placed in 

different sections of the genus Collybia (Fries) Kummer, yet 

much confusion surrounds their taxonomy. Many early North 

American mycologists (Peck, 1897; Kauffmann, 1918; Coker & 

Beardslee, 1921) had noted difficulty in distinguishing the 

two from each other, since many forms of each seemed to 

intergrade. These two taxa are best distinguished from each 

other using microscopic techniques (Halling, 1980). Modern 

mycologists still encounter difficulty with their taxonomy, 

since a close complex of related species now surrounds 

Collybia butyracea as well as C. dryophila . 
• 

The objective of this study is to examine the closely 

related group of fungi near Collybia dryophi/a using biological 

criteria, in addition to traditional morphological ones, in 

order to better determine taxonomic relationships in the 

group. Many recent investigations of Basidiomycetes, 

particularly with gilled fungi, have successfully tested the 

validity of current species concepts, using a combination of 

classical and experimental criteria. The use of biological 

1 



2 

species concepts to assess phenotypic variation within a 

single interbreeding population has produced a clearer 

understanding of other species complexes in several families 

in the Agaricales. Two such examples include the Coprinaceae 

(Lange, 1952; Kemp, 1975) and Strophariaceae (Farr, Miller and 

Farr, 1976). 



LITERATURE REVIEW 

The genus Col/ybia 

The Swedish mycologist Elias Fries first erected the taxon 

Collybia as a tribe within the expansive genus Agaricus with 

the publication of his Systema Mycologicum ( 1821). He 

included in Collybia small, white-spored mushrooms with a 

fleshy to membraneous pileus, inrolled pileus margin and a 

hollow stipe. The descriptions of taxa by Fries were short, 

and often based on the concepts of previous mycologists 

whose works he referred to. Fries, however, included 

valuable information on habitat and substrate. At that 

time, two subdivisions of the tribe Collybfu were created: 

Cenuinae and Omphalariae. 

At the present time, the Systema Myco/ogicum ( 1821) of 

Fries is considered the starting point for nomenclature of 

gilled fungi, and thus all concepts of the modern genus 

Collybia should be based on Fries' concepts. 

Later in his Epicrisis ( 1838), Fries expanded his concept 

of the tribe Collybia with the assigment of many taxa 

previously placed in other tribes. Four new sections 

(Striipedes, Vestipedes, Levipedes and Tephrophanae) were 

erected, replacing tribes Cenuinae and Omphalariae. Halling 

3 
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(1980) has noted that, with this publication, Fries changed 

his concept of Agaricus tribe Col/ybia. Most of the original 

members of Agaricus tribe Col/ybia (Fries, 1821) were 

transferred in 1838 to the tribe Collybfu in the newly 

erected genus Marasmius Fr. The use of the same tribe name 

in two separate genera has created much confusion in the 

later taxonomy of the group. Fries considered these to be 

two distinct tribes, and later species described by him were 

assigned to both tribes (Halling, 1980). 

The name Collybia is derived from the Greek term for 

'small coin', and refers to the size of the pileus, which 

has a rather disc-like appearance when expanded. In the 

modern sense, the term co/lybioid is used to refer to the 

physiognomic aspects of a fruiting body, and is applied to 

several.unrelated groups of fungi (Singer, 1975). Fries 

distinguished Agaricus tribe Col/ybia by the incurved immature 

pileus margin, pliant and hollow stipe, and the fact that 

the basidiocarps did not revive when moistened. 

Kummer (1871) later elevated many of Fries' tribes to the 

generic rank, establishing the genus Col/ybia Kummer. It is 

unclear whether the tribe Co/lybia in Agaricus (Fries, 1821) 

or Marasmius (Fries, 1836) was the source for Kumrner's 

generic name (Halling, 1980). Lucien Quelet (1872) and C. 

C. Gillet (1874) also accorded generic status to Col/ybia, 
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although each was apparently unaware of Kummer's publication 

(Halling, 1980). 

Karsten (1881; 1891), and later mycologists who followed 

him, began to define the genus Col/ybia on stricter terms, 

with the recognition of new genera based on species and 

sections described by Fries in tribe Collybia. The result of 

generic segregation of collybioid genera was nearly complete 

with Singer's revision of the Agaricales (1936). The 

erection of new segregate genera serves to distinguish 

closely related groups of fungi previously considered 

closely related to Co/lybia, and helps to define the genus in 

a stricter sense. The genus Co/lybia is now distinguished 

from other collybioid genera by the incurved pileus margin, 

insititious (vestured) stipe base, and repent hyphae present 

in the pileus cuticle. Major taxonomic treatments based on 

modern concepts of the genus Col/ybia have recently been 

completed in North America by Williams (1975) and Halling 

(1980). 

The Co/lybia dryophi/a complex 

Bulliard originally described Agaricus dryophllus in his 

Histoire des Champignons ( 1780). Fries included it within the 

tribe Clitocybe in the Systema Mycologicum ( 1821), and cited 

Bulliard (1780). Fries also described a variety of C. 
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dryophila with yellow lamellae, designated J3 funicu/aris, as 

new. He later (1838) placed A. dryophilus in the section 

Levi pedes ( tribe Collybia) . 

Kummer (1871), Quelet (1872), and Gillet (1874) all 

substituted the name Col/ybia dryophila when they elevated many 

of Fries' tribes to generic status. Quelet described 

several new varieties, including C. dryophi/a var. aurata and 

C. dryophi/a var. oedipus. Que let ( 1872) also considered A. 

aquosus Fr. to be a variety of C. dryophila. Gillet (1874) 

described C. dryophi/a var. luteifolia, which differs from C. 

dryophila by having yellow lamellae, but he did not 

distinguish it from C. dryophila var. funicularis Fr. 

Using what they considered as truer Friesian characters, 

several authors in the past have placed C. dryophila and 

other species of Collybia in the genus Marasmius Fr. (Karsten, 

1881,Kuhner, 1935; Kuhner and Romagnesi,1953). This 

placement was based on Fries' original (1838) concept of the 

genus Marasmius, where the sporocarp is capable of reviving 

when moistened. However, C. dryophila, C. peronata, C. 

confluens and several other species of Col/ybia all revive 

when moistened, and are also capable of subsequent spore 

discharge (Haard and Kramer, 1970). The variability of this 

character in both Collybia and Marasmius has prompted many 

contemporary mycologists to de-emphasize it and to rely on 

other criteria for generic seperation (Gilliam, 1976). 
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In North America, Peck (1894; 1897; 1907) described many 

species of Col/ybia using Que let's ( 1872) system of 

classification. Of those species described by Peck in 

section Levipedes, only C. dryophi/a belongs to the modern 

genus Collybia. Murrill (1916) was the first North American 

mycologist to describe many new taxa allied to C. dryophila. 

These include C. earleae, C. agrico/a and C. virginiana. 

Kauffmann (1918) included several species of Collybia in his 

Agaricaceae of Michigan, including C. dryophi/a and two related 

taxa: C. pie xi pes Fr. and C. aquosa Fr. Hal 1 ing ( 1980) has 

shown that C. plexipes Fr. sensu Kauffmann is actually C. 

alkalivirens Singer, and C. plexipes Fr. is really a member of 

the genus Lyophyllum Karst. Kauffmann's concept of C. aquosa 

also does not match that of Fries and may even be a separate 

taxon (Williams, 1975). 

Coker and Beardslee (1921) monographed the species of 

Col/ybia in North Carolina including several allies of C. 

dryophi/a, such as C. earleae and an unnamed variety of C. 

dryophi/a that occurred on soil. 

Peck (1897; 1907), Kauffmann (1918), and Coker & 

Beardslee (1921) all reported difficulty in distinguishing 

several taxa apparently similar to C. dryophila. These 

include C. butyracea, C. aquosa, C. lentinoides, and C. acervata. 

This difficulty occurred despite the fact that some of these 
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taxa, such as C. butyracea and C. lentinoides, have always been 

placed in another section of Collybia (sect. Striipedes Fr. ) . 

Some of this past confusion results from the character of 

the stipe. In C. butyracea, and other members of section 

Striipedes, the stipe is typically stout, bulbous or 

radicating, with conspicuous white pulverlulent longitudinal 

striae when fresh. Collybia dryophila ( section Levipedes) 

possesses a stipe which is typically slender, lacking a 

large bulb, and also lacking conspicuous striae. Phenotypic 

variation of these characters in both taxa results in a 

situation that creates confusion. Using characteristics not 

available to earlier workers, smaller fungi in section 

Striipedes, such as C. butyracea, C. lentinoides, C. asema, C. 

badiialba and C. lentinoides, may be clearly distinguished from 

the C. dryophila group by ~heir dextrinoid spores, trama and 

their lack of a dryophila-type pileus cuticle (Halling, 

1980). 

Table 1 lists the taxa in the Col/ybia dryophila complex, 

and indicates those which were used for this study. 
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TABLE 1 

List of taxa in the C. dryophlla complex 

In Europe: 
*C. dryophila var. dryophi/a (Bull. ex Fr. ) Kummer ( also in N. 
America) 
C. dryophila var. aquosa (Bull. ex Fr. )Quelet 
*C. dryophila var. funicularis (Fr. )Halling ( also in N. America) 
C. dryophila var. aurata Que let 
C. dryophi/a var. oedipus Quelet 
C. fuscopurpurea (Persoon ex Fr.)Kurnrner 
C. exculpta (Fr. )Gillet 
C. nivalis ( Luthi and Plornb )Moser 
C. succinea (Fr.)Quelet 
C. nummularia (Lam. ) Fr. 
C. hybrida (Kuhner and Romagnesi)Sverck and Kubicka 

In North America: 
C. virginiana (Murr. )Murr. 
*C. ear/eae (Murr.)Murr. 
C. agricola (Murr. ) Murr. 
C. kauffmanii Halling, nom. prov. (Halling, 1980) 
*C. aprica Williams, nom. prov. (Williams, 1975) 
*C. aquosa sensu Kauffman (1918) 
C. a/kalivirens Singer 

' Taxa used in the present study are indicated by an asterisk(*) 
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C hemotaxonomy 
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Chemotaxonomy of Col/ybia species has in the past been 

limited to the use of spot reagent tests performed on fresh 

basidiocarps (Halling, 1980; Williams, 1975). In culture, 

many species of Col/ybia, including C. dryophi/a, exhibit a 

faint but positive blue reaction with guiacol, indicating 

the presence of extracellular oxidases (Nobles, 1965). 

Several biosynthetic compounds have been found in C. 

dryophila and the other species of Collybia (Halling, 1980). 

These include tyrosinase and laccase, which are phenolic 

oxidases. Tyler, Benedict and Stuntz (1965) demonstrated 

the accumulation of urea in C. dryophila, but were unable to 

detect the presence of alkyloids (Tyler and Stuntz, 1962). 

Singer (1975) reports the presence of cyanic acid (HCN) in 

C. dryophila, C. butyracea and C. hariolorum, but does not 

discuss its significance. 

Collybia dryophila is often reported as edible (Quelet, 

1872; Kauffmann, 1918; Smith, 1963). Some field guides, 

however, do not recomend eating C. dryophila (Miller, 1979), 

based upon several well documented reports of poisoning by 

this mushroom. The toxin or toxins which caused these cases 

of gastro-intestinal poisoning have never been identified. 
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Cultural and Mating Studies 

The use of cultural characters in mushroom taxonomy was 

infrequent as recently as 1950, although agarics have been 

grown and studied in pure culture for many years. Davidson, 

Campbell and Vaughn (1942) and Nobles (1948; 1965) developed 

taxonomic keys to wood-rotting fungi based on cultural 

characteristics. Recently, a key to mycorrhizal fungi was 

developed, based on cultural characteristics by O.K. Miller 

and S. Miller (pers. comm.). Despite these advances, there 

has been little recent use of cultural characters in the 

taxonomy of the Tricholomataceae, with some exceptions 

(Lamoure, 1965; Miller, 1971). 

Cultural characters were described for several Col/ybia 

species in section Col/ybia by Arnold ( 1935). Many other 

Collybia species have been isolated in pure culture from 

germinated basidiospores (Quintanilha, Quintanilha and 

Vasermanis, 1941;0.K. Miller, pers. comm.). Although 

several collybioid fungi have been described from pure 

culture, including C. (Flammulina) velutipes and C. 

(Oudmansie/la) radicata (Miller, 1971), cultural characters of 

the modern genus Co/lybia have not recently been studied. 

The genetic mechanism regulating mating compatability in 

fungi was discovered by Kniep (1919) and Vandendries (1923). 

This knowledge has made it possible to determine 
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interfertility and intersterility between populations of 

fungi which appear to be related. Both intercompatibility 

and·intersterility have been used as criteria for 

determining species concepts in several families of fungi 

including the Coprinaceae (Lange, 1952; Kemp, 1975) and 

Strophariaceae (Farr, Miller and Farr, 1976). 

The ability to grow C. dryophila and the other species of 

Collybia in pure culture has prompted the present study of 

mating compatibility in this group. In my study, 

monosporous mycelia were paired to determine: 1) mating 

incompatibility mechanisms present in C. dryophi/a and its 

allies and 2) the geographical and morphological limits of 

interbreeding populations. Interpretation of these crosses 

is based on the following assumptions: A) hyphal fusion is 

dependant on both monosporous strains belonging to the same 

species and B) hyphal fusion is regulated by recognizable 

incompatability factors in the newly associated nuclei 

(Raper, 1966; Kemp, 1975). 

Fusion of two compatible haploid hyphae (called 

monokaryons or homokaryons) results in the formation of a 

new vegetative thallus, composed of two compatible haploid 

nuclei per cell (a dikaryon or heterokaryon). The dikaryon 

is composed of hyphae in which the newly paired nuclei are 

compartmentalized into separate cells. In many fungi, 
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including C. dryophila, the dikaryotic condition causes a 

morphological change in the hyphae, manifested by the 

formation of clamp-connections between hyphal cells. 

Monokaryotic hyphae normally do not form clamp 

connections(Raper, 1966) and were not observed to do so in 

the present study. 

Compatibility between the nuclei from paired monokaryons 

is genetically determined by one or more systems (Raper, 

1966). The system may be simple homothallism, whereby 

monokaryotic mycelia are self-fertile and no mating factors 

are involved in regulating dikaryon formation. In the 

majority of hymenomycetes, however, mating compatibility is 

determined by the presence of different alleles (mating 

factors) at the genetic loci governing compatibility. If 

only one locus determines compatibility, this is termed 

bipolar heterothallism. If two loci independently determine 

compatibility the system is termed tetrapolar 

heterothallism. Both systems, bipolar and tetrapolar, 

usually function with multiple alleles at each locus (Raper, 

1966). 

The mating incompatibility system in C. dryophila was 

determined by Chu (1950), who showed that it possessed a 

tetrapolar heterothallic system, also referred to as 

bifactorial diaphoromixis by Burnett (1975). 
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The use of biological species concepts for taxonomy of 

the genus Collybia was first attempted by Arnold ( 1935), who 

was able to demonstrate intersterility among C. cirrhata, C. 

tuberosa and C. cookei. 

Several species of Collybia have been successfully grown 

and fruited in the laboratory for quite some time. Arnold 

(1935) was successful in obtaining fruiting bodies of C. 

tuberosa, C. cirrhata and C. cookei from pure cultures. Collybia 

dryophila was successfully fruited in the laboratory by Poole 

(1928) on dead canes of dewberry (Rubus sp.). However, 

specimens are not available to verify that it was C. 

dryophi/a which fruited. 

In the present study a number of isolates of C. dryophila 

and other species of Collyb~ were grown in pure culture. In 

order to develop species concepts based on several criteria, 

and not strictly morphology, the following approach is 

employed in this study: 

1. Macroscopic and microscopic morphology of fresh and 

dried herbarium specimens were examined to determine the 

characteristics of each taxon in the group. This study 

focused on North American taxa, but also included material 

available from Europe. 

2. Habit, habitats and substrates on which the different 

taxa grew were recorded along with the environmental 

conditions that favored fruiting. 
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3. Identification of mating incompatibility mechanisms 

present by intercrossing single spore isolates from 

individual collections made in North America and Europe. 

These were paired to determine different intersterile 

populations in the C. dryophlla group. 

4. Growth of dikaryotic mycelia of C. dryophi/a on 

different media, in order to induce fruiting. 

5. Description of cultural morphology of dikaryotic 

cultures from different intersterile groups in the C. 

dryophila complex. 



MATERIALS AND METHODS 

Collecting Procedures 

Fresh collections of Collybia species were made from as many 

different habitats as possible during the fruiting seasons 

from May, 1980 until September, 1981. For each collection,_ 

notes were made concerning habitat and distribution. 

Specimens were individually wrapped in wax paper and 

transported back to the laboratory. Detailed notes were 

made on macroscopic characters of the basidiocarp, such as 

size, shape and color. Several fresh pilei from each 

collection were individually placed on pieces of white bond 

paper to obtain spore prints. Each collection was placed on 

screens in a drier, and was later examined microscopically. 

The herbarium designations for exsicatti and other 

collections examined in this study are cited in accordance 

with Holmgren and Keuken (1974). 

Spore prints were placed in envelopes and stored inside a 

2° C incubator for later use. A number of spore prints 

accompanied by dried specimens were also sent to Virginia 

Tech by mycologists from North America and Europe. Haploid 

cultures were also obtained from these spore prints for use 

in the study. 

16 
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Color terms used are those from Ridgeway (1885; 1912), 

cited in quotations, and ISCC-NBS Centroid Color Charts 

(standard sample no. 2106), cited in parentheses. Other 

color names are common colors. 

All microscopic observations were made using a Leitz 

SM-LUX microscope with a 1.3 NA oil lens. A Leitz drawing 

tube (with lOx ocular) was used to make camera lucida 

drawings. For microscopic observation, small pieces of a 

basidiocarp were wetted using 95% EtOH for at least 15 

seconds. The tissues were then placed in distilled water 

for a minute to revive, blotted on tissue paper and 

sectioned by hand with a fine double edge razor. Material 

to be sectioned was held between pieces of elder pith 

(Sambucus sp.) or styrofoam 'peanuts' used as packing 

material, which are also satisfactory for this purpose. 

Cortical layers of the pileus were studied by making 

tangential sections of the cuticle, as well as radial 

sections of the pileus. This allowed the arrangement of 

hyphal elements in the cuticle to be observed in two planes 

of section. Measurement of basidiospores was made from 

spore deposits whenever these were available. 
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Morphological Characters Studied 

Macroscopic features. All members of the Collybia dryophila group 

are placed in the section Levipedes Fr. They all share the 

same physiognomic aspect, commonly referred to as col/ybioid 

(Singer, 1975). All are centrally stipitate, membraneous, 

occasionally rnarcescant, and usually of smaller stature than 

the larger members of Collybia found in section Striipedes. 

The young pileus is typically convex with an inrolled 

margin when young. As the basidiocarp matures, the pileus 

expands to become broadly convex and convex-plane, or is 

finally plane and even slightly depressed in age. A slight 

umbo may be present. The margin is even in young specimens, 

but is soon irregular or even wavy. 

The surface is almost always smooth, glabrous, and 

appears lubricous when young and moist, becoming matte when 

dry, but never viscid nor glutinous, and is usually strongly 

hyprophanous when moist. The margin may often appear 

translucent-striate in young specimens and under moist 

conditions. 

Pileus colors are highly variable even within the same 

collection. There is usually some dark shade of brown 

('chestnut' to 'fulvous' ), varying to lighter shades of 

brown or yellow-brown ('tawny' or 'ochraceous' ), and even 

'cream' colored, tinted ochraceous or pink. Darker colors 
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may fade abruptly due to color changes as the surface dries 

{hygrophici ty). 

The context of the pileus is usually thin {less than 5 mm. 

thick at the disc), and is colored whitish or stained 

concolorous with the surface near the cuticle. In certain 

taxa, such as C. alkalivirens, the context may be dark 

colored. Texture of the context is mernbraneous, spongy, 

occasionally water-soaked, or marcescent when dry. Odor is 

fungoid, fragrant or absent. Singer (1975) reports the odor 

of cyanic acid {HCN) for C. dryophila. Taste may be absent 

or slightly bitter, but is usually of little taxonomic value 

(Halling, 1980). 

The /ame/lae are adnate or adnexed, depending on the age of 

the basidiocarp, usually adnate in the young basidiocarp, 

seceding from the stipe as the pileus expands, but never 

becoming completely free. Spacing is close to crowded, but 
• ranges to subdistant, with smooth or firnbriate edges when 

fresh which may become eroded in age. 

The lamellae are white to yellow, or shaded brown to 

rufescent. 

The stipe is slender or occasionally clavate, with or 

without an inflated basal bulb which is often putrescent. 

The texture is nearly always pliant-fibrous and crisp in the 

young basidiocarp. The surface of the stipe is glabrous 
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nearly overall, becoming increasingly tomentose at the base. 

Several taxa such as C. kauftmanii Halling in ed. and C. 

spongiosa have a vesture over the entire stipe surface. 

White, yellow, pink or tawny rhizomorphs may also be 

present. The color of the stipe surface is usually whitish 

when young, and intergrades with that of the pileus. Some 

taxa typically have a dark colored stipe throughout 

development. 

Spore deposits of all taxa in the C. dryophila group are 

white, becoming yellowish on drying, but never 'cream' or 

pink as in section Striipedes. 

Microscopic features. Basidiospores are lacrymoid to 

ellipsoid in profile and face view. The length never 

exceeds lOµm and width is never greater than Sµm. They are 

thin walled, smooth, hyaline, non-guttulate and inamyloid in 

all taxa. In several taxa the basidiospores discolor 

greenish or olivaceous in alkali solution (C. alkalivirens 

group). 

Basidia are clavate, thin-walled, hyaline, inamyloid, 

non-siderophilous and up to 35µm in length. Most basidia 

are 4-sterigmate, although 1- to 3-sterigmate ones also 

occur. 

Hymenial cystidia. The presence or absence of sterile 

cells on the hymenium is important in distinguishing the 
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various taxa in the group. Pleurocystidia are usually absent, 

or rare and inconspicuous. Cheilocystidia are flexuous and 

filiform, thin walled, hyaline, with or without apical 

branches that may be diverticulate, and never longer than 35 

µm. They are more abundant than pleurocystidia, when both 

are present. Collybia agricola and several other taxa possess 

distinctive cheilocystidia which are variously inflated to 

globose-pedicellate (sphaeropedunculate), with irregularly 

thickened cell walls which appear roughened or minutely 

echinulate, and which may extend well beyond the lamellar 

edge. Cystidia are usually absent in C. ear/eae and C. 

alkalivirens. 

The lame/Jar trama in the C. dryophila group is always 

composed of interwoven to parallel hyphae. The hyphal 

elements are cylindric or more rarely inflated, and are 

usually thin-walled. Wall incrustations are absent in all 

but one group (C. a/kalivirens and allies). 

The pi/eus trama is composed of branched, cylindric hyphae 

that are usually less densely interwoven than in the pileus 

cuticle. The hyphae are hyaline or sometimes contain 

refractive yellow to brown pigments, thin-walled, with or 

without scattered incrustations on their surface. 

The structure of the pileipe/lis is the most important 

character unifying the members of the C. dryophila group. It 
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consists of repent, frequently branched hyphae, which are 

densely interwoven, often bifurcate near the apex, not 

radially oriented and without diverticulate elements. This 

type of cuticle has been termed a dryophila-type cutis 

(Singer, 1975), and is a distinguishing characteristic of 

the section Levipedes. 

Hyphal cells of the pileipellis may be either thin-walled 

and hyaline, or may posess various degrees of yellowish to 

brownish incrustations. A combination of these features is 

usually present. In some taxa, such as C. a/kalivirens, the 

brownish incrustations discolor greenish to olivaceous in 

alkali solution (Halling, 1981). 

Stipitipellis. Hyphae on the stipe surface are vertically 

oriented and parallel. The stipe vesture is made up of 

caulocystidia which are usually thin-walled, but may be 

dark-colored and stain in greenish in alkali as in the C. 

a/kalivirens group (Halling, 1981) . 

Mating Compatibility Tests 

Single spore isolates were obtained by using a dilution 

series of basidiospores in test tubes of distilled water. 

In most cases, spore germination took place in 3-10 days. 

To increase the germination of the spores, a surfactant 

(Tween 80 or Alkanox) was added in minute amounts to spores 
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in suspension. Spore suspensions were plated out on Petri 

dishes filled with approximately 30 ml. malt extract agar 

(Nobles, 1965). The cultures were incubated at 20° C for up 

to 30 days. Small colonies, first detected by eye, were 

confirmed by using a dissecting microscope. Each colony was 

individually transferred to a new plate. All cultures were 

maintained at 20° C. 

After a period of growth of 2-4 weeks, colonies were 

examined microscopically to determine if clamp connections 

were present on the hyphae. Colonies lacking clamps were 

assumed to be monokaryotic and were used for subsequent 

mating tests. When possible, an isolate with clamp 

connections (a dikaryon) was also retained for future 

studies. The names and locations of cultures used in this 

study are listed in the appendix. 

To verify the homokaryotic nature of the clampless 

mycelium, hyphae were stained for the presence of nuclei. 

Acetocarmine and hematoxylin stains gave unsatisfactory 

results. A rapid staining solution of Safranin O (Bandoni, 

1979) clearly stained nuclei and provided the means by which 

the dikaryotic hyphae were routinely observed and verified 

(Figure lA). Clampless hyphae, when stained in Safranin 0, 

showed several nuclei per cell (Figure lB). This is in 

agreement with what is known for basidiomycete life cycles, 
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where dikaryotic (heterokaryotic) hyphae are clamped and 

binucleate, while monokaryotic (homokaryotic) hyphae are 

unclamped and either uninucleate or multinucleate (Raper, 

1978a; 1978b), as is the case in C. dryophila. 

Eleven homokaryotic isolates from each individual 

collection were paired in every possible combination to 

determine mating types. In some cases, 11 homokaryotic 

isolates were not obtained, and a second or third dilution 

series was performed in order to obtain additional isolates. 

In most cases, 11 isolates were sufficient to obtain all 4 

mating types when intercrossed (see Results). Two 

collections out of a total of 49 collections tested never 

yielded all 4 mating types, despite repeated attempts to 

germinate more homokaryons. 

Two methods were used for all crosses. Several early 

crosses were made by pairing small plugs of agar (2 mm. 

diameter) with mycelium from each isolate, so that they were 

approximately 15 mm. apart on an agar surface. Disposable 

'quad' Petri dishes were used, with the two opposing 

compartments filled with malt extract agar. Each 

compartment held only one cross. Crosses thus made were 

then incubated for 2 weeks at 20° C. Mycelia cut from the 

interface of the two isolates were mounted in 3% KOH 

solution, stained with conga red solution (Singer, 1975), 
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and observed for clamp formation at 40x and lOOx 

magnification. Barrage lines indicating partial 

compatibility between tested isolates (Raper, 1966) were 

also noted at this time. 

A second cross technique was developed by Vilgalys and 

Miller (1982) for the large number of crosses which were 

performed. The technique utilizes a single large Petri 

plate to hold all possible confrontations of mycelium among 

11 isolates, and allows a larger number of isolates to be 

tested in only 3 to 7 days. In addition, fewer materials 

were needed and preparation time to carry out the crosses 

was greatly reduced. 
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Explanation of symbols: N=nuc leus, C =clamp connection 

Figure 1: Dikaryo tic (A) and homokaryotic (B) hyphae of C. 
dryophila var . dryophila s tained in Safranin-0 
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Fruiting Experiments 

Dikaryotic cultures of Co/lybia species were obtained from 

the Forest Products Lab, Madison, Wisconsin, the Virginia 

Tech mycology culture collection, and from germinated 

basidiospores. The disposition of these cultures is listed 

in the appendix. Two series of experiments with fruiting 

methods were made. 

In the first experiment (Table 2), cultures of several 

taxa in Col/ybia were innoculated ( in duplicate) into 250 ml. 

Erlenmeyer flasks containing 50 ml. of malt extract agar 

(Nobles, 1965). These were incubated initially at 25° C 

with 12 hrs. of fluorescent light per day for 30 days. They 

were then placed in a Sherer CEL 25-7H growth chamber at 20° 

C and 12 hrs. of light per day. Each set of replicates was 

placed on different shelves to vary the light intensity. 

Results after 120 days growth are shown in Table 2. None of 

the cultures of Collybia taxa produced fruiting initials, 

al though ample growth occured in all flasks. Flammulina 

velutipes, an unrelated collybioid fungus which fruits 

reliably on malt extract agar, fruited prolifically during 

the experiments. 

Another set of experiments utilized a series of different 

'natural' media which are listed below (preceded by the 

designation of each): (RG) rye-grain medium- 50 g. rye 
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grain/ 50 ml. distilled water; {S/WB} sawdust-wheat bran 

medium- 20 g. dried red oak sawdust/ 5 g. wheat bran/ 12 ml. 

distilled water; {BS/WB}- same as S/WB, but sawdust was 

first parboiled in distilled water to leach out tannins, 

dried and used as specified; {ET} modified Etter's medium 

{Etter, 1928)- 28 g. dried red oak sawdust/ 24 g. corn meal/ 

24 g. corn starch/ 24 g. wheat bran/ 8 g. Diffco malt 

extract/ distilled water added until moist; {BET)- same as 

ET, but substituted parboiled, dried sawdust; {GPN}- 16 g. 

shredded freshly dried {green) needles of Pinus strobus / 4g. 

wheat bran/ 10 ml. distilled water; {PD)- same as GPN, but 

substituted dried pine duff for green needles; {PM) Poole's 

medium {Poole, 1928)- medium reputed to fruit C. dryophila 

consisting of dried cane of dewberry {Rubus sp.) wetted . 
with aqueous prune extract and contained in a 3 liter 

Erlenmeyer flask. 

All medium {except PM) were contained in pint-size Mason 

jars with aluminum foil lids, autoclaved at 250° C/15 

p.s.i., and incubated in a Sherer CEL growth chamber for 

varying amounts of time at 20° C/12 hrs. light per day. 

Results of innoculations made using several species of 

Co/lybia are shown in Table 3 and are explained below. 
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Cultural Studies 

One to several dikaryons from each biological species were 

employed for use in each cultural description. Cultures 

were grown at 12° C, 20° C, 25° C, and 30° C, according to 

the methods developed and described by Davidson, Campbell 

and Vaughn (1942) and by Nobles (1965). The following 

modifications were made: 1) for each temperature, only 1 

duplicate set of isolates was used, and 2) Gallic and Tannie 

acid medium (Nobles, 1965) were not employed for 

extracellular oxidase assays, and instead only tincture of 

gum guiac was used. The disposition of cultures used for 

these studies is listed in the appendix. 
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TABLE 2 

Results of initial fruiting experiments made using malt 
extract agar 

Collection II Name - Growth Fruiting 

C 776.10 Coll:t:bia butzracea + 
OKM 6779-s c. maculata + 
OKM 7063 c. butyracea + 
OKM 7607sp _g_. butyracea + 
DAOM 35290 c. dryophila + 
JWR 829 c. dryophila + 
JL 227sp c. dryophila + 
OKM 2321 c. dryophila + 
RV 20 Flammulina velutioes + + 
RV 21 Flammulina velutipes + + 

All cultures incubated on MEA at 20°C/120 days/12 hrs light per day 
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TABLE 3 

Results of fruiting experiments made using natural media 

Culture ti Name Media employed ?eriod of Growth Fruiting 
growth 

OKM 7063-sp f. butz:!acea RG 60 days poor 
OKM 7607-sp f. but:zracea RG 60 days poor 
JL 227sp c. drzo:ehila RG 60 days fair 
DAOM 35290 c. d:EIOEhila RG 60 days poor 
JWR 829 c. d:EIOEhila RG 60 days fair 
OKM 2321s C. d!Ioohila RG 60 days moderate 

S/WB 45 days poor 
BS/WB 45 days very good 
ET 45 days good 
BET 45 days good 
GPN 45 days none 
PD 45 days none 

RV 95 c. drvo:ehila ET 90 days very good 
PM 1 year good 

RG- rye grain media; S/WB- sawdust-wheatbran media; BS/;lB- boiled saw-
dust-wheatbran media; ET- modified Etter's media; BET- modified 
Etter's media with boiled sawdust; GPN- green pine needle-bran media; 
PD- pine duff-bran media; PM- Poole's media for fruiting£.· drvophila. 



RESULTS 

RESULTS OF FRUITING EXPERIMENTS 

As shown in Tables 2 and 3, species of Col/ybia were able to 

grow on a variety of different media, although fruiting did 

not occur on any. Particularly dense mycelial growth was 

obtained on modified Etter's medium (ET) and Poole's medium 

(PM), as well as on simple boiled sawdust-bran medium 

(BS/WB). The mats produced on these media looked denser 

macroscopically, but were otherwise similar to those 

produced on MEA. Brownish or yellowish pigments and exudate 

droplets on the mat surface were common, especially on older 

colonies. Their significance in relation to fruiting is 

unknown. 

Several media which were used yielded poor growth, 

including grain medium (RG) and those media containing pine 

needles (GPN and PD). Col/ybia dryophila commonly grows on 

pine litter, so that its poor growth on media containing 

pine duff is not understood. 

32 
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RESULTS OF MATING COMPATABILITY TESTS 

Collections of C. dryophlla and other species of Collyb~ that 

were used in this study are listed in Table 4. Information 

on the location, season collected, pileus color, lamellae 

color, basal mycelial color, habitat and substrate is 

provided. The numbers of clampless (homokaryotic) and 

clamped (dikaryotic) isolates retrieved from each collection 

is provided (as a ratio), as well as the number of different 

mating types obtained when the monokaryons were 

intercrossed. Collections are grouped according to 

biological species, or by species name. 



TABLE 4 

List of taxa and collections in the Collyb/a dryophl/a complex 
used in the present study 

COLLECTION iJ SUBSTRATE/HABITAT LOCATION SEASON· PC · LC BMC HONO/DI 1/Matinf Types 
retr eved 

A) Collybia dryophila var. dryophila 
RV 90 duff under Va. pine Giles Co. ,Va. 7-80 TO w w 10/14 3 
RV 92 duff under white pine VT Hort Farm 7-80 TO w OB 23/13 4 
RV 93 soil under wl1ite pine VT Hort Farm 7-80 OB w w 11/14 4 
RV 95 duff under white pine VT Hort 1''arm 7-80 0 w w 15/11 4 
RV 96 duff under white pine VT Hort Farm 7-80 T w w 7/6 4 
RV 97 duff under white pine VT Hort Farm 7-80 T w w 6/8 4 
RV 98 soil under white pine VT Hort Farm 7-80 T B w 4/11 3 
RV 108 duff under hardwoods Bennington,VT. 8-80 OB w w 14/30 4 w 
RV 127 duff under Va. pine Giles Co.,Va. 10-80 0 w w germinated, not tested ~ 

RV 131 well-rotted pine Giles Co.,Va. 10-80 0 w w 4/16. 3 
' RV 140 duff under white pine VT Hort Farm 6-81 C w w germinated, not tested 

RV 141 wood mulch under Boxus Va. Tech campus 5-81 0 w w 12/8 '• RV 144 soil under E. hemlock VT Hort Farm 6-81 C w w germinated, not tested 
RV 145 duff u. austrian pine VT Hort Farm 6-81 0 w w germinated, not tested 
HV 147 wood mulch under Halus VT Hort Farm 6-81 T w w germinated, not tested 
RV Ill 7A wood mulch under Quercus VT Hort Farm 6-81 T w w germinated, not tested 
RV 148 duff under Va. pine Blacksburg 6-81 T w w 9/11 3 
RV 154 soil under Va. pine Blacksburg 6-81 T y p 6/14 3 
RV 161 in grass by trail West Virginia 6-81 TO w w 9/11 4 
RV 163 duff u. Acer & Betula West Virginia 6-81 OB w w 5/15 3 
RV 164 in moss on wood West Virginia 6-81 T y w 9/7 4 
llalUng 3307 duff under whlte pine Massachussetts 6-80 TO w w 10/14 3 
EC-M 1245 <luff under Dryas Alberta,Canada 6-81 TO w w 7/13 4 
OKM 19384 conifer duff Alberta, Canada 6-81 0 w w 11/9 4 
OKM 19308 soil under conifers Montana 6-81 0 w w 4/16 1 or 2 
OKM 193llt <luff under ~opulus Montana 6-81 0 w w 9/11 3 
OKM 19225 duff under Se.9.uofa California 2-81 0 w w 8/12 4 



TABLE 4 (cont. ) List of taxa and collections in the C. dryophila complex 
used in the present study 

COLLECTION II SUBSTRATE/HABITAT LOCATION SEASON PC LC BMC MONO/DI 1/Matinp T~~3s ret le 
A) Collyhia ~hila var. dryophila (continued) 
RV 168 duff under Va. pine Blacksburg 7-81 0 w w 8/12 4 
RV 169 duff under white pine Blacksburg 7-81 C w w germinated,not tested 
RV 170 duff under white pine Craig Co. ,Va. 7-81 OB w w 5/15 3 
RV 171 duff under white pine Craig Co., Va. 7-81 T w w 7/13 3 
RV 175 duff under Quercus Giles Co.,Va. 7-81 0 w w 12/8 4 
RV 181 duff of mixed hardwoods New York 7-81 0 w w 4/16 1 or 2 
RV 187 duff of mixed hardwoods New York 7-81 0 y w 8/12 3 
RV 195 duff under Quercus Giles Co. , Va. 7-81 C w w 14/6 4 
RV 230 on bark of Tsuga West Virginia 9-81 TO B w 4/0 1 

B) £. dryophila var. funicularis 
RV 86 well-rotted wood Giles Co. ,Va, 5-80 YO w p 19/12 4 
RV 149 soil under Va. pine Blacksburg 6-81 y y p 3/13 1 or 2 
RV 155 soil under Va. pine Blacksburg 6-81 y w p 1/19 1 LJ 

RV 156 soil under Va. pine Blacksburg 6-81 y w p 1/19 1 U1 

RV 1.57 soil under Va. pine Blacksburg 6-81 y w p 8/12 4 
RV 158 soil under Va. pine Blacksburg 6-81 _y w p 1/19 1 
RV 162 duff under mixed woods West Virginia 6-81 0 y p 6/14 3 

C) _Q. !!E.• 
RV 139 soil and wood mulch Va. Tech campus 5-81 C B w 18/2 4 
GB 45 soil and wood mulch Va. Tech campus 5-81 C B w 13/7 0 

D) £. earleae 
OKM 18761 soil under hardwoods California 5-80 C B T 21/8 4 
RV 150/153 soil under Va. pine Blacksburg 6-81 C B T 13/7 4 
EUROPEAN COLLECTIONS 
OKM 19024 soil under Picea Austria 8-80 C w 22/14 4 
Moser lB/289 under Salix & Betula Sweden 8-81 C w germinated, not tested 
Poder 81/1 ~oil under Pinus & Plcea Italy 5-81 B B w 5/15 3 
l'oder 81/2 soil under Crataegus& Italy 5-81 7/13 4 

Robinia 
Poder 81/13 soil under Picea A Pinus Austria -- -- 6-81 



TABLE 4 (cont.) List of taxa and collections in the C. dryophila complex 
used in the present study 

COLLECTION II SUBSTRATE/HABITAT LOCATION SEASON PC LC BMC MONO/DI #Mating Types 

EUROPEAN COLLECTIONS Identified as f. dryophila 
1) OKM 19024 soil under Picea Austria 8-80 C w 22/14 4 

Moser lB/289 under Salix & Betula Sweden 8-81 C w 2 monokaryons retrieved 
2) Poder 81/2 soil under Crataegus Italy 5-81 7/13 4 

& Betula 
3) Poder 81/1 soil under Pinus & Italy 5-81 B B w 5/15 3 

Picea 
Poder 81/13 soil under Pinus & Austria 6-81 1 monokaryon retrieved 

Picea 
Lamoure 81-301 

soil under Pseudotsulli!_ France 2 monokaryons ietrieved 
OTHER SPECIES STUDIED 
RV 133 (Collybia butyracea) Blacksburg (reported in Vilgalys & Miller, 1982) 4 
C 776 (f. butyracea) Giles Co.,Va. 4 
RV 136 (C. polyphylla) Giles Co.,Va. 4 

(,J 
(J\ 
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Mating lncompatability Systems of Collections Studied 

Results of crosses among single spore isolates of 42 

individual collections indicates a tetrapolar arrangement of 

mating factors in every case. Table 4 shows the number of 

distinct mating types (1-4) that was derived for each 

collection. Individual cross results are tabulated in the 

appendix. These results agree with the bifactorial 

heterothalism observed for C. dryophila in France by Chu 

(1950). The presence of recognizable mating reactions which 

represent hemi-compatible crosses (common-A or common-B 

factors) between isolates was not observable in the majority 

of crosses made using the rapid cross method of Vilgalys and 

Miller (1982). For crosses made using the conventional 

'quad' Petri dishes, barrage lines between hemi-compatible 

mating types from the same collection were observed in RV 95 

( C. dryophi/a var. dryophila). These barrage lines indicate a 

common-B pairing reaction(Raper, 1966). Sporadic barrage 

lines were observed for crosses made using single spore 

isolates from collections RV 86 (C. dryophi/a var. funicularis) 

and RV 133 (C. butyracea), but these were not consistent for 

any hemi-compatible cross (Vilgalys and Miller, 1982). 

Pseudoclamp formation indicative of common-A factors (Raper, 

1966) was not observed in any of the crosses, regardless of 

cross technique used. Until a reliable means of 
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distinguishing crosses with common-A or common-B factors is 

available, any designation of mating types will be 

arbitrary. 

The number of different mating types represented in any 

collection was found to be dependant on the number of single 

spore isolates being tested. To determine this correlation 

the number of rnonokaryotic isolates available from any 

single collection was plotted against the resulting number 

of mating types retrieved (Figure 2). The graph shows that 

a minimum of 11 isolates are necessary to insure retrieval 

of all 4 mating types. 

Tetrapolar sexuality in C. butyracea has been reported by 

Vilgalys and Miller ( 1982). Tetrapolari ty in C. polyphylla 

and C. earleae is reported here for the first time. 
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Figure 2: Correlation between number of single spore 
isolates tes~ed and number of derived mating 
types. 
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Results of I ntercompatability Tests 

North American isolates 

It would be ideal to cross different mating types from each 

collection in every possible combination. However, because 

of the size of the matrix that would be created and the 

number of crosses necessary it would be unmanageable. 

Instead, 1-4 test isolates (representing different mating 

types) from each collection were arranged in groups of 10-12 

isolates. These were arranged ~ccording to geographic 

locality, and then crossed in all possible combinations 

creating several smaller matrices. The biologically 

intercompatible or intersterile groups within the different 

geographic areas were identified from an analysis of these 

matrices. The following example illustrates how this was 

done. 

The first group consisted of isolates derived from 

collections made at the Virginia Tech Horticulture Farm and 

Research Station, Blacksburg, VA., during the summer of 

1980. These included typical dark and light capped forms of 

C. dryophila commonly found under pines in eastern North 

America. Table 5 shows the resulting cross matrix when 

Horticulture Farm isolates were paired with each other in 

every possible combination and with two other sets of 

isolates from the Blacksburg area (RV 86 and RV 90). All 
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collections of C. dryophila from the Horticulture Farm are 

intercompatible. In addition, RV 90 from Giles Co., Va. 

was also compatible with all Horticulture Farm isolates. RV 

86 from Brush Mt. in Giles Co. was not compatible with any 

of the other isolates in the matrix. This would indicate 

that it is a separate biological species, and is in fact a 

variety of C. dryophila, C. dryophi/a var. funicularis, discussed 

below. 

The high frequency of compatible crosses between mating 

types of different collections in Table 5 is indicative of 

multiple alleles existing at the two loci governing mating 

compatibility (Raper, 1966). In one intercross (RV 93 x RV 

95) the cross matrix outlined is identical to that obtained 

when 4 mating types of each collection are self-crossed. 

This indicates that identical alleles are present at the 

mating loci of both RV 93 and RV 95. This is not 

surprising, since both of these collections were made within 

an area less than two yards square, and could be clonal in 

origin. A third collection (RV 92) made within the same two 

square yard quadrat produced single spore isolates which 

were compatible with 2 of the 4 mating types from RV 95/RV 

93. This indicates at least one different mating allele 

present at the mating loci of RV 92. It could not be 

determined from this data whether the extra allele present 
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belonged to the A or B factor. However, it does indicate 

that multiple alleles are present in very small areas within 

the populations of this species. 

Intercrosses within other geographic localities gave 

similar results to those presented in Table 5. Isolates 

from individual collections were found to belong to specific 

intra-compatible groups which were mutually intersterile and 

are considered to be b~~gk~ spedes in the sense of Anderson 

and Ullrich (1980) and Kemp (1975). All intercrosses among 

members of any one biological species also showed multiple 

alleles at the mating loci. In several cases shown in 

Tables 6 and 7, cross matrices indicate total 

intercompatibility among isolates of C. dryophlla var. 

dryophila in North America. This means that different mating 

alleles are present at the mating loci of almost each 

collection. 

The presence of multiple alleles at the mating loci 

increases the outcrossing ability of a population within a 

species (Raper, 1966; Burnett, 1975). This eliminates the 

necessity of having to use all four mating types of each 

collection that is being crossed, when test isolates are 

from different geographic areas (Lamoure, 1965; Boidin, 

1980). This enables one to test a larger number of 

collections within a smaller matrix, since only one or two 
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TABLE 5 

Results of intercrosses made among 26 isolates from the 
Virginia Tech Horticulture Farm 

RV 86.06II 
RV 90.02 

RV 90.02II 
RV 90.0SII 

RV 92.06b 
RV 92.05b 
RV 92.03b 
RV 92.0lb 

RV 93.02 
RV 93.04 
RV 93.11 
RV 93.12 
RV 95.01 
RV 95.09 

RV 95.0lb 
RV 95 .10 
RV 96.04 
RV 96.09 
RV 96.01 
RV 97.05 
RV 97.07 
RV 97 .11 
RV 97.13 
RV 98.ll 
RV 98.12 
RV 98.14 
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TABLE 6 

Results of intercrosses among isolates of C. dryophila var. 
dryophi/a from Western North America and New England 

0 

~~~~~ 
1-'t- , .... q.... I-' 
0000\0:::::i:: 

Crosses among ;io;io ;io~ ~;:.;:. 
collections from ~8 tt; f'~ :--
New England OKM 19314 .02 
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TABLE 7 

Results of intercrosses among several North American 
populations of Collybia dryophila var. dryophila 

GILES CO VA RV 195•04 
' RV 195.02 

WEST VA RV 161.01 
RV 161.02 

~LACK.SBURG VA RV 154•02 
' RV 154.01 

NEW ENGLAND RV 108.03 
RV 108.02 

WESTERN NA OKM 19225.07 
~ OKM 19225 .04 

::0 ::0 << 
"°"°VT HORT FARM 
VI VI 

00 w ~ - -.± .± 195 ++ 
++ + + 
+ + + + bl 
+ ++ ++ + 
+ + + ++ + 154 
+ + + + + + + + 
+ + + + + + + + , )Sl 

+ + + ++ + + ++ +I 
+ + + + + + + + + +I 

11-2-81 



46 

single spore isolates are required. In addition, the 

initial crosses confirming tetrapolarity for each collection 

are not necessarily required (Lamoure, 1965). 

Representative isolates of different biological species 

from each geographic area were subsequently intercrossed in 

various combinations. Illustrative cross matrices are shown 

in Table 8, while other supportive intercrosses are included 

in the appendix. These results reveal the presence of four 

distinct biological species in North America shown as A, B, 

C, and Din Table 9. Three of these biological species (A, 

B, and C) can all be referred to C. dryophila var. dryophila, 

C. dryophila var. funicularis, and Col/ybia sp. The last species 

is C. earleae (Murr. )Murr. Basidiocarps of this species are 

distinguished by having tawny strigose hairs at the base of . 
the stipe and always occur on soil. All these taxa are 

treated fully in the taxonomic section. 

European isolates 

Table 10 shows the cross matrix obtained using homokaryotic 

isolates of European collections identified as C. dryophila. 

Based on these results, three biological species can be 

identified from Europe. Study of corresponding specimens 

indicates that all three biological species only occur on 
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TABLE 8 

Results of intercrosses among different biological species 
in North America 

A 

~ <<<<<<:::O:::O<:::O < < < 
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TABLE 9 

List of collections and taxa belonging to 4 different 
biological species in the C. dryophila complex 

A Collybia dryophila var. dryophi la 

RV 92 
RV 93 
RV95 
RV96 
RV97 
RV98 

RV 90 
RV 131 
RV 170 
RV 171 
RV 175 
RV 195 

VT Hort. Farm GILES & CRAIG 

RV 161 
RV163 
RV164 
RV230 

West Virginia 

counties 

RV 108 
RV 18j 
RV 187 

HALL 3307 
New England 

B Col~ybia dryophila var. funicularis 

C 

!-RV 86 ,RV149, RV155-158 ! 
· Virginia 

Collybia sp. 

I RV 13 9 , GB 4 5 
Vi rg ini.a Tec.h 

D Collybia earteae 

RV 150/153 
Virgin i-0 

OKM 18671 
California 

RV154 
RV 141 
RV148 
RV168 

Blacks burq 

OKM 19225 
OKM 19308 
OKM 19384 
OKM 19311. 
EC-M 1245 

· Western US . 
& ad J. Canada 

IRY 162 I l 
W. Va. . 
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soil. In addition, two have only been reported to occur 

under conifer woods (C. sp. A and C. sp. B). These are 

discussed individually in the taxonomic section. All three 

biological species from Europe are intersterile with the C. 

dryophi/a group from North America (Table 11). Implications 

derived from these results are reviewed in the discussions 

following each species description. 
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TABLE 10 

Results of intercrosses among 3 European biological species 

OKM 19024.06 -
OKM 19024.081-----+--

Poder 81/1.031-+ ...... ~ ........ 
Poder 81/1.04,_+-+-i--+--+--. 
Poder 81/2.02~--+-~--+ ......... 
Poder 81/2.07~--"-~--+-...-i- .... 

Moser lB/289.01~- ....... ...,_i--1-+--+--+- ..... 
Moser lB/289.02~--l-4-.__~_,..-,.-+~ 

Lam 81/301.011,..+...._~--,.-.--+--,---,-;--, 
Lam 81/301. 0 2 1,.+~.i.....~..;.i....i......i..._._ ....... 

12-2-81 
3 EUROPEAN BIOLOGICAL SPECIES 
1) Collybia 2.£• (ca. alkalivirens) 

0101 19024 (Austria) 
Moser lB/289 (Sweden) 

2) Collybia 2.E_, A 
Poder 81/2 (Italy) 

3) Collybia 2.E_, B 
Poder 81/1 (Italy) 
Poder 81/13 (Austria) 
Lamoure 81-301 (France) 
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TABLE 11 

Results of intercrosses among biological species from North 
America and Europe 
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TAXONOMIC PORTION 

KEY TO TAXA IN THE COLL YB/A DRYOPHILA COMPLEX 

1. Portion of basidiocarp staining green in aqueous 

alkaline solution. . . . . . . . . . . . .. . . . . . . . . . . C. alkalivirens 

and allies· ( see Halling, 1981) 

1. Basidiocarp not staining green in alkaline solution .... 2 

2. Occuring exclusively on soil in early spring ........... 3 

2. Occuring on leaf litter, rotted wood, or mulch (if on 

soil, then at least some sporocarps on litter) through-

out fruiting season .................................. 5 

3. Stipe with tawny strigosi ty at base .......... C. earleae 

3. Stipe without tawny strigosity at base ................. 4 

4. Occuring in open areas (lawns, flower beds, etc.), lamellae 

close (not crowded), pileus tawny ........ C. agricola 

4. Occuring in woods, lamellae very crowded, pileus pale 

i sabelline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. virginiana 

5. Pileus and stipe deep-reddish brown when young, with pileus 

later fading, basidiocarps densely cespitose on conifer 

wood. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. acervata 

5. Stipe light colored when young, darker only with age, 

basidiocarps never densely cespitose on conifer wood 

or, if cespitose, then on another substrate .......... 6 

6. Stipe covered by a dense whitish vesture over entire 
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length, basidiocarp tinted rufescent and staining 

rufescent in all specime~s, on leaves in oak woods, 

July-August. . . . . . . . . . . C. kaufmanii Halling, in ed. 

6. Stipe glabrous with vesture only at base, basidiocarp 

without rufescent hues, only staining rufescentin 

mature specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

7. Young basidiocarp sulphur-yellow, with yellow color soon 

fading, stipe with pinkish rhizomorphps at base, 

lamellae yellow (rarely white) when fresh and soon 

fading to white, cespitose in small clusters in early 

spring or late fall ...... C. dryophi/a var. funicularis 

7. Young basidiocarp tawny or darker, never yellow, 

rhizomorphs never pink, lamellae white, gregarious to 

cespitose throughout fruiting season ................. 8 

8. Lamellae close, not crowded, young pileus mummy-brown to 

seal-brown when fresh, lacking ochraceous colors, in 

small clusters on wood mulch and soil in early spring .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C . sp . nov. ( RV 13 9 ) 

8. Lamellae crowded, pileus tawny-ochraceous to tawny when 

fresh, gregarious to cespitose on leaf litter, rotted 

wood or mulch (with occasional basidiocarps on soil) ... 

. . . . . . . . . . . . . . . . . . . . . . . . . C. dryophila var. dryophila 
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DESCRIPTIONS OF TAXA STUDIED 

Col/ybia earleae (Murr. )Murr. 

Figures 3 and 10 

Pileus to 25 mm. broad, margin incurved at first, convex 

to aplanate in age, margin even or undulating, 

translucent-striate when moist; surface glabrous, 

hygrophanous, dark brown to pale brownish; context thin, 

whitish, odor and taste absent. 

Lamellae adnexed or nearly so, sub-distant, moderately 

broad, very thin, white or pale 'buff'. 

Stipe 10-30 mm. long, 2-5 mm. broad, equal or tapering 

upwards from a slightly enlarged basal bulb, pliant; surface 

dry, glabrous, with tawny strigosity at base bringing up a 

ball of soil, drab brown; interior hollow. 

Spore print white. Spores 4.5-6.5(7.0) x 2.0-3.0(3.5) 

µm, ellipsoid in profile, ellipsoid to lacrymoid in face 

view, smooth, thin walled, inamyloid, unchanged in alkali 

solution. Basidia 18-28 x 3-5 µm, clavate, thin walled, 

four sterigmate, not siderophilous. Pleurocystidia absent. 

Cheilocystidia rare, 18-28 x 2-3 µm, thin flexuous, 

occasionally branched, thin walled, inamyloid. Lamellar 

trama parallel, inamyloid; hyphae 3-12 µm broad, cylindric, 

thin walled, non-encrusted. Pileipellis a cutis 30-100 µm 

broad, of repent, densely interwoven, branched hyphae with 
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'dryophila-type' structure, inamyloid; hyphae 4-lOµm broad, 

thin walled or with plate-like, banded or scattered brownish 

incrustations. Clamp connections present in all tissues. 

Habit and habitat. Single to gregarious on soil under 

conifers and broad-leaved woods, early in the season, 

fruiting from April through June. 

Material examined. USA: Virginia: RV 150/153; California: 

OKM 18761 (all VPI). 

Observations: According to Halling ( 1980) and Coker and 

Beardslee ( 1921), the distinguishing features of C. earleae 

are the tawny strigosity at the base of the stipe, occurence 

on soil and woodland habitat. It is easily overlooked in 

early spring, and could be mistaken for a diminutive form of 

C. dryophila var. dryophila or C. dryophila var. funicularis, 

since all of these do occur together. The latter two, 

however, have more crowded lamellae and lack tawny hairs at 

the base of the stipe. Mating studies reveal that both 

collections of C. earleae studied are intercompatible with 

each other. 

C. agrico/a (Murr. )Murr. and C. virginiana (Murr. )Murr. both 

lack tawny hairs at the stipe base but can be easily 

mistaken for C. ear/eae by their small size. Halling ( 1980) 

reports difficulty distinguishing the three. C. agricola has 

inflated cheilocystidia and fruits on soil in open areas, 
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such as lawns. C. virginiana fruits on soil in wooded areas 

like C. earleae, but has the inflated chei locystidia of C. 

agricola (Halling, 1980). Cheilocystidia are filamentous or 

absent in C. earleae. Halling ( 1980) recognizes C. earleae 

and C. agricola, but he suggests that all three of the above 

taxa may be conspecific. Until a more comprehensive study 

of these three taxa is undertaken, their relative taxonomic 

position will remain uncertain. 

Cultural characters. Growth on MEA slow to moderate, mat 

covering 9 cm. petri plate in 2-5 weeks (15-31 mm. diam./ 7 

da.); mat white to light yellow, tinted very slightly 

pinkish near center, thin, appressed, silky streaked 

pulverulent; margin appressed, almost even, diffuse; odor 

slightly unpleasant; agar discoloration none, reddish-brown 

at higher temperature (30° C); not fruiting by 6 weeks. 

Oxidase reaction negative with guiacol. Optimum temperature 
• 20-25° C. Hyphae of advancing zone 2-4 µm broad, thin 

walled, nodulose-septate, rarely to moderately branched. 

Hyphae of submerged mycelium to 4 µm broad, thin walled, 

nodulose-septate, occasionally branched, branches often 

diverticulate. Hyphae of aerial mat to 4 µm broad, thin 

walled, cylindric or flexuous, occasionally contorted but 

never inflated, nodulose-septate or with occasional simple 

septae present, branched and interwoven with numerous narrow 
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diverticulate branches also present; rhizomorphic surface 

hyphae 2-4 µm broad, even cylindric or flexuous, 

nodulose-septate, rarely branching. Sexuality 

heterothallic, tetrapolar. Key patterns: B-0-M-l, E-0-S-l. 

Species code: (1).2.3.ll.32.36.38.43.-45.51.53.56.60. 

Cultures studied: RV 85. 15, RV 153. 

Collybia sp. nov. (RV 139} 

Figures 4 and 13 

Pileus 10-40 mm. broad, convex with a slight umbo and 

inrolled margin when young, expanding to convex-umbonate to 

broadly convex, finally plane or shallowlly depressed at 

disk in age, with an even margin becoming undulate and 

upturned with age, not translucent striate when moist; 

surface glabrous, lubricous (greasy, buttery) when moist, 

hygrophanous, drying matte, 'mummy-brown' to 'seal-brown' 

when fresh and moist, soon fading to 'cream-buff' and 'buff' 

as surface dries; context white becoming concolorous with 

pileus surface at maturity, grayish in 3% KOH solution, thin 

(1-2 mm. at disk), spongy; odor and taste fungoid but not 

distinctive. 

Lamellae adnexed to almost adnate, moderately crowded (2 

lamellulae per mm. at margin), moderately broad (1-2 mm.), 

thin, white to ivory colored, edges fimbriate or eroded in 

age. 
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Stipe 20-70 mm. long, 2-7 mm. broad, flared at each end 

with a basal bulb present, pliant-fibrous (cartilaginous); 

surface finely straight or twisted striate or smooth, with 

white mycelium and rhizornorphs attached to base and lower 

surface, and radicating to the substrate, 'buff' at apex 

becoming 'russett' to 'ochraceous-buff' towards base, never 

dark ochraceous or reddish brown; interior soon hollow. 

Spore print pure white, drying to pale yellowish. Spores 

(6.0)6.5-7.0 x 2.5-3.5 µm, ellipsoid in profile and face 

view, with or without slightly extended apiculus, smooth, 

thin walled, non-guttulate, inamyloid. Basidia 24-27 x 3-6 

µm, clavate, thin walled, four sterigmate, not 

siderophilous. Pleurocystidia inconspicuous, often 

collapsed along lamellar surface, 23-40 x 4-10 µm, clavate 

or filamentous, sometimes branched once or twice, thin 

walled, hyaline. Cheilocystidia inconspicuous, (10)23-40 x 

4-10 µm, similar to pleurocystidia. Lamellar trama 

interwoven to subparallel, inamyloid; hyphae 3-4 pm broad, 

cylindric, thin walled. Pileus trama interwoven, inamyloid; 

hyphae 5-7 µm broad, cylindric, branched, thin walled. 

Pileipellis a cutis 140-230 µm wide, of repent, branched 

hyphae with a 'dryophila-type' structure, inamyloid; hyphae 

5-7 pm broad, cylindric, thin walled, with or without 

scattered yellowish incrustations. Clamp connections 

present in all tissues. 
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Habit and Habitat. Gregarious to cespi tose on soil and 

wood chip mulch on mulch beds. Collected in May on Virginia 

Tech University campus, Blacksburg, Va. 

Material examined: USA: Virginia: RV 139, G. Bills 45 

(both VPI). 

Observations: The two collections observed are both 

distinct from the commoner forms of C. dryophi/a that occur 

throughout the fruiting season in North America. The 

lamellae are close but not crowded, and the pileus and stipe 

lack the strong ochraceous colors often associated with C. 

dryophila. It is not certain whether the substrate, soil and 

wood mulch, is specific for this group. Mating 

incompatability tests show that it is intersterile with all 

other C. dryophila groups in North America. 

Cu/tura( characters. Growth on MEA medium, mat covering a 9 

cm. petri plate in 2-3 weeks (30-33 mm. diam./ 7 da.); mats 

white, raised, cottony to plumose becoming downy towards 

margin, with cottony aerial mycelium and thin white 

rhizomorphs present; zonate at higher temperature (25° C), 

producing brown exudate droplets on surface near center; 

margin even or almost so, appressed, slightly diffused; odor 

slightly fruity to slightly disagreeable or not distinct; 

agar discoloration none or reddish-brown near center; not 

fruiting by 6 weeks. Oxidase reaction positive with 
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guiacol. Optimum temperature 20-25° C. Hyphae of advancing 

zone 2-4 ;im broad, cylindric, thin walled, nodulose-septate, 

regularly branching. Hyphae of submerged mycelium 2-4 µm 

broad, similar to advancing zone, also producing narrow, 

sinuous furcate branches. Hyphae of aerial mat to 4 pm 

broad, usually cylindric, nodulose-septate or rarely 

simple-septate, frequently branched, interwoven, 

occasionally producing numerous small, tangled, sinuous to 

inflated or globose thin walled branches, to 4-5 pm broad; 

aerial mycelium hyphae 2-4 ;im broad, cylindric, occasionally 

branched, rarely simple-septate, sometimes with amorphous 

clear refractive globules present which stain reddish in 

Congo red solution. Square to rectangular crystals also 

present. Sexuality heterothallic, tetrapolar; homokaryon 

with slower growth and only simple septae present, otherwise 

similar to heterokaryon. Key patterns: A-P-M-1 

(heterokaryon), B-P-S-15 (homokaryon). Species codes: 

2.3.ll.26.32.36.38.43.53.56.60. (heterokaryon), 

2.6.7.32.36.39.44.50.56.60. (homokaryon). Cultures studied: 

RV 139.15 (homokaryon), G. Bills 45 (heterokaryon). 
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Co/lybia dryophila var. dryophi/a (Fr.)Kummer 

Figures 5 and 12 

Pileus 10-60 mm. broad, convex with an incurved margin 

when young, expanding to convex-plane and plane, shallowly 

depressed sometimes in age, slightly umbonate or with 

slightly depressed disk, margin even when young, becoming 

undulate, striatulate when young and moist; Surface 

glabrous, lubricous when moist, matte upon drying, 

hygrophanous, 'tawny-ochraceous' (54br0) to 'hazel' or 

'chestnut' (also 'russett') with thin white margin when 

fresh, soon fading overall to 'tawny', 'tawny-ochraceous', 

'ochraceous', and finally 'ochraceous-buff', 'cream-buff', 

'buff', or 'clay' (70ltOY), usually with darker disk; 

context white, rarely changing, thin, odor and taste fungoid 

or absent. 

Lamellae adnexed or almost free, crowded (4-6 lamellulae 

per mm. at margin), narrow (less than 2 mm. broad), thin, 

white to 'buff', sometimes yellow (and then pileus without 

golden-yellow cast), edge even to fimbriate, or slightly 

eroded with age. 

Stipe 15-110 mm. long, 1-7 mm. broad, usually equal or 

slightly flared toward apex from a basal bulb, base often 

putrescent, round or compressed, pliant-fibrous 

(cartilaginous); surface glabrous and smooth above, glabrous 
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to tomentose or longitudinally pulverulent-striate 

(sometimes sulcate-striate) below, occasionally tomentose 

over lower third, white near apex, 'ochraceous-buff' to 

'ferruginous' below, eventually 'ochraceous' to 

'ferruginous' overall, with or without whitish to yellowish 

(to 'ochraceous') rhizomorphs present, vesture whitish to 

yellowish when present; interior stuffed when immature, soon 

hollow. 

Spore print white when fresh, drying yellowish. Spores 

(4.5)5.0-6.5 x 2.5-3.5(4.0) µm, ellipsoid in profile and 

face view, smooth, thin walled, hyaline, non-guttulate, 

inamyloid, acyanophilous. Basidia 18-26 x 2-8 pm, clavate, 

thin walled, hyaline, four sterigrnate (1 and 2 sterigrnate 

basidia also seen), not siderophilous; sterigmata usually 

short, but occasionally to 8 µm long. Pleurocystidia absent 

or inconspicuous, never as abundant or developed as 

cheilocystidia, 18-25 x 3-6 µm, clavate or sinuous to 

flexuous, sometimes branched, thin walled, hyaline. 

Cheilocystidia inconspicuous to abundant, often collapsed 

along lamellar ege, 18-35 x 2-6 µm, clavate or more usually 

sinuous to inflated-filamentous, often bifurcate or 

variously branched, occasionally proliferationg well beyond 

lamellar edge, becoming one to several-septate. Lamellar 

trama interwoven to parallel, inamyloid; hyphae 3-8 µm 
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broad, cylindric, thin walled, smooth or with scattered 

light or dark brownish incrustations, contents hyaline to 

yellowish in 3% KOH solution. Pileus trama of less densely 

interwoven hyphae than pileipellis, inamyloid; hyphae 4-12 

µm broad, thin walled, not incrusted, hyaline or . 
yellow-granular in 3% KOH.solution. Pileipellis a myxocutis 

to 200 µm broad, of densely interwoven repent hyphae with a 

'dryophila-type' structure, rarely with occasional coralloid 

elements present, inamyloid; hyphae 3-11 µm,broad, cylindric 

or inflated, thin walled, smooth or lightly incrusted with a 

yellow or brownish pigment, sometimes also with scattered 

plate-like or banded incrustations; occasionally with 

cystidioid elements present, consisting of narrower hyphae, 

2-4 µm broad, thin walled, smooth, intricately branched and 

clustered, usually containing a yellow refractive pigment. 

Stipitipellis a layer of vertically oriented, parallel 

hyphae, inamyloid; hyphae 2-4 µm broad, thin walled. Clamp 

connections present in all tissues. 

All parts of the basidiocarp occasionally parasitized by 

Christiansenia mycetophila (Peck) Ginns and Sunhede. 

Habit and habitat. Gregarious to caespi tose on soil, leaf 

litter and well decayed wood, in woods throughout warmer 

seasons (May through October in Virginia). Especially 

common under pines. 
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Material Examined: U.S.: California: OKM 19225 Montana: 

OKM 18054, OKM 19308, OKM 19314; New York: RV 181, RV 187; 

Massachusetts: Halling 3307; Vermont: RV 108; Virginia: RV 

90 through RV 100, RV 148, RV 168, RV 175; West Virginia: RV 

161, RV 163; CANADA: Alberta: ECM l, OKM 19384. 

Observations: Collybia dryophila is certainly one of the 

most common Collybias in North America, judging from its 

frequent occurence as a biological species (Table 9). It is 

easily recognized in its typical form, with a fresh 

'tawny-ochraceous' pileus, crowded white lamellae, and 

whitish rhizomorphs. Forms which intergrade morphologically 

with other biological groups are harder to recognize. The 

closest biological species to C. dryophi/a in North America 

is C. dryophi/a var. funicularis, which is best distinguished 

from the former only in the fresh condition. See also 

observations on C. dryophila var. funicularis. 

C. agricola (Murr. ) Murr. has often been mistakenly 

collected in North America as C. dryophila, but differs by 

being smaller, having voluminous cheilocystidia, and early 

spring fruiting on soi 1 in open areas. C. virginiana and C. 

ear/eae may also at first be confused with C. dryophila, but 

these taxa are usually smaller. See observations following 

C. earleae. 
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No isolates obtained from European spore prints were 

compatible with North American collections of C. dryophila. 

Two close taxa, C. sp A and C. sp. 8, both have inflated 

globose-pedicellate cheilocystidia similar to C. agricola, 

but are otherwise similar to C. dryophila. Both of these are 

discussed later in this section. 

While most of the members of the Collybia dryophila group 

seem to prefer certain habitats and substrates, C. dryophila 

is truly non-specific in preferring a substrate. Substrates 

from which isolates were obtained range from soil under 

various trees, to leaf duff of conifers or various 

hardwoods, and even well rotted wood. A particularly 

favorite habitat in Eastern North America is under pines. 

Cultural characters. Growth on MEA slow to medium, mat 

covering a 9 cm. petri plate in 3-5 weeks (12-35 mm. diam./ 

7 da.); mats white, then yellowish near center, apressed, 

pulverulent-plumose or silky, radially streaked farinaceous 

(pulverulent); dense plumose at higher temperature (25° C) 

with scattered 'tawny' pigments and brown or clear exudate 

droplets near center of colony; margin even or almost so, 

apressed, slightly diffuse; submerged mycelium plumose or 

undifferentiated; odor earthy or weakly fruity; agar 

discoloration none or light brown near center, darker at 

higher temperature (30° C); not fruiting by 6 weeks. 
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Oxidase reaction weakly positive with guiacol. Optimum 

temperature 20-25° C. Hyphae of advancing zone 2-4 µm 

broad, thin walled, nodulose-septate, moderately branched. 

Hyphae of submerged mycelium to 14 µm broad, similar to 

surface mycelium, often inflated with thickened and 

roughened walls. Hyphae of aerial mat similar to advancing 

zone, but also inflated to 12 µm broad, interwoven and 

frequently branched, rarely simple-septate, hyaline or 

containing yellow-brown refractive pigment. Chlamydospores 

to 23 µm broad, globose to elongated to sphaeropedunculate, 

with slightly thickened and roughened walls, intercalary or 

terminal, frequent on older hyphae of surface and submerged 

mycelia. Square to hexagonal crystals also present. 

Sexuality heterothallic, tetrapolar. Key patterns: 

B-P-S-1-2-8-15, B-P-M-1-2-8-15, A-P-S-1-2-8-15. Species 

code: 2.3.(ll).26.34.36.38.(39).43.-45.50.Sl.54.55.56.60. 

Cultures studied: RV 131, RV 148, RV 161, OKM 19308. 

Collybia dryophi/a var. funicularis (Fr. )Halling 

Figures 6 and 11 

Pileus 15-40 mm. broad, convex with incurved margin when 

young, with or without distinct umbo, becoming broadly 

convex to plane, sometimes shallowly depressed in age, 

margin even or undulating, translucent-striate when moist; 
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surface glabrous, hygrophanous, lubricous when moist, 

'tawny' to 'tawny-ochraceous' tinted yellow when fresh, soon 

fading to 'ochraceous-buff' or 'cream-buff' with drying and 

age, usually retaining some yellowish hue overall; context 

whitish to yellowish, thin (1-3 mm. at disk), soft, spongy, 

odor and taste not distinctive. 

Lamellae adnexed or almost free, crowded, narrow to 

moderately broad, thin, distinctly yellow to buff in age, 

but sometimes white, edge entire and straight or slightly 

fimbriate. 

Stipe 15-70 mm. long, 2-6 mm. broad, equal or flared at 

both ends with a basal bulb, usually straight but also 

flexuous to tortuous (wavy), with pinkish to light orange 

rhizomorphs present, pliant-fibrous (cartilaginous); surface 

smooth, glabrous, sometimes with pulverulent or floccose 

striae near base, yellow ('ochraceous-buff') overall when 

young, becoming evenly darker in age, 'ochraceous' to 

'tawny-ochraceous'. 

Spore deposit white, drying yellowish. Spores 

(5.0)5.5-6.5 x 2.5-3.5 µm, ellipsoid in profile and face 

view, thin walled, smooth, hyaline or slightly yellowish in 

3% KOH, inamyloid. Basidia 16-24 x 2.5-6.5 µm, clavate, 

thin walled, four sterigmate, not siderophilous. 

Pleurocystidia inconspicuous or absent, 19-29 x 3.5-4.5 }lltl, 
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contorted-clavate to flexuous or sinuous, with or without 

narrow filliform appendages, thin walled. Cheilocystidia 

scattered to abundant, 15-24 x 2.5-6.5 µm, filamentous, 

sinuous, rarely strangulated or sublclavate, often 

irregularly to grotesquely lobed or branched, thin walled. 

Lamellar trama parallel or subparallel, inamyloid; hyphae 

3-8 µm broad, thin walled, smooth. Pileus trama interwoven, 

inamyloid; hyphae 3-9 µm broad, thin walled, highly 

branched. Pileipellis a cutis of repent, interwoven, 

branched, isodiametric hyphae with a 'dryophila-type' 

structure; hyphae 3.0-12.0 µm broad, thin walled, smooth or 

with scattered yellowish-brown incrustations best seen in 3% 

KOH solution, inamyloid. Stipitipellis a layer of parallel, 

vertically oriented hyphae; hyphae 4.5-9.5 µm broad, 

cylindric, thin walled, hyaline in 3% KOH solution, 

inamyloid. Clamp connections present in all tissues. 

Habit and habitat. Gregarious to caespi tose in small 

clusters under conifers and hardwoods, on soil and duff, 

also on well-rotted wood. Most common in early spring 

(May-June in Virginia), but also occuring in the fall. 

Material examined: U.S.: Virginia: RV 86, RV 149, RV 157, 

RV 213; West Virginia: RV 162 (All VP!). 

Observations: In the fresh condition, this fungus is 

easily distinguished from C. dryophi/a var. dryophila by the 
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general sulphur color in the entire fruiting body, and the 

rhizomorphs which are noticeably pinkish in all collections 

studied. In addition, the habit is often caespitose or 

subcaespitose, and fruiting only occurs early or late in the 

season. Except for one collection (RV 213), all collections 

used in this study were collected early in the season (May 

or June). 

In contrast, C. dryophi/a var. dryophi/a fruits over a 

longer season, lacks sulphur colors, and does not produce 

pinkish rhizomorphs. 

American collections of C. dryophi/a with yellow lamellae 

have in the past been ref erred to C. dryophila var. Juteifolia 

Gillet. Halling (1980) places this variety in synonomy with 

C. dryophi/a var. funicu/aris (Fries)Halling, stat. nov. Our 

fungus described above seems to fit Fries' description of~ 

funicularis but differs by occasionally possessing white 

lamellae and fruiting in more varied habitats. 

Kauffman (1918) described a golden yellow form of C. 

dryophila which he called a variety of C. aquosa Fr. His 

description does not fit Fries' (1821) original concept for 

Agaricus aquosus, but does fit that of C. dryophila var. 

funicularis as described above. Williams ( 1975) includes 

Kauffmann's C. aquosa as a synonym of C. aprica Williams, 

nom. prov., which she described as having the yellow colors 
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in the basidiocarp, as well as pinkish to orange 

rhizomorphs. C. aprica is probably also conspecific with C. 

dryophila var. funicularis. 

Cultural characters. Growth on MEA medium to slow, mat 

covering a 9 cm. petri plate in 3-5 weeks (15-32 mm. diam./ 

7 da.); mats white, becoming yellowish near center, 

appressed, subfelty or silky streaked pulverulent; margin 

even, appressed, diffuse; odor earthy, disagreable; agar 

discoloration none, darker brown at higher temperature (30° 

C); not fruiting by 6 weeks. Oxidase reaction negative or 

weakly positive with guiacol. Optimum temperature 20-25° C. 

Hyphae of advancing zone 2-4 pm broad, thin walled, 

nodulose-septate, occasionally to moderately branched. 

Hyphae of submerged mycelium similar to aerial mat hyphae. 

Hyphae of aerial mat 2-10(12) pm broad, thin walled, 

cylindric to inflated, nodulose-septate with rare simple 

septae present, interwoven, frequently branched; branches 

often knobby and irregular (diverticulate). Chlamydospores 

sphaeropedunculate or swollen-clavate, to 18 pm broad, with 

slightly thickened walls, intercalary or terminal, frequent 

in older surface and submerged mycelium. Sexuality 

heterothallic, tetrapolar. Key patterns: B-P-S-1-2-8, 

A-O-M-1-2-8-15. Species code: 

( 1) . 2. 3 .11. 22. 26. 34. 36. 38. 44. 45. 51. 55. 56. 60. Cultures 

studied: RV 86. 08, RV 149. 



Col/ybia sp. A (Europe) 

Figure 7 
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Spore print white. Spores 5.5-6.0 x 3.0-4.0 pm, 

ellipsoid in profile and face view, smooth, thin walled, 

non-gutullate, inamyloid. Basidia 18-25 x 3.0-6.5 ~m, 

clavate, thin walled, four sterigmate, not siderophilous. 

Pleurocystidia inconspicuous, 14-28 x 3.0-4.5 µm, 

clavate-filamentous, thin walled, hyaline in 3% KOH and 

Melzer's solutions. Cheilocystidia abundant, variable, 

18-47 x 3-10 µm, voluminous, globose-pedicellate 

(sphaeropedunculate) to contorted-clavate, often with 

inflated, proliferating variously lobed branches, thin 

walled or minutely echinulate, hyaline in 3% KOH and 

Melzer's solutions. Lamellar trama parallel, inamyloid; 

hyphae 3.5-5.5 µm broad, thin walled, smooth, contents 

hyaline in 3% KOH solution. Pileipellis a cutis of repent 

hyphae with a 'dryophila-type' structure, inamyloid; hyphae 

3.0-7.5 ?m broad, inflated or cylindric, branched, bifurcate 

towards apex, thin walled, smooth, contents hyaline in 3% 

KOH. Stipitipellis a layer of vertically oriented, parallel 

hyphae, inamyloid; hyphae 4.5-5.5 µm broad, regularly 

cylindric, thin walled, smooth. Caulocystidia arising from 

stipitipellis, 2-3 µm broad, cylindric, sinuous, 

occasionally branched, thin walled, smooth. 
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Habit and habitat. Gregarious on soil under Robinia 

pseudoacaccia and Crataegus sp. 

Material Examined: EUROPE: Italy: Foder 81/2 (VPI). Only 

known from one specimen at present. 

Observations: Following are notes on the dry specimens 

sent to Virginia Tech: Basidiocarps small to medium sized 

(pileus 2-3 cm. broad), 'pale-ochraceous' to 

'ochraceous-buff'; stipe glabrous except for 'buff' mycelium 

near base, tawny strigosity at base absent. 

This is very close to Collybia sp. B from Europe, and both 

of these are probably very close to C. agricola and C. 

virginiana from North America, which also possess voluminous 

cheilocystidia and occur on soil. Cheilocystidia from the 

single collection of C. sp. A are much larger and variable 

than those in C. sp. B. See also observations following C. 

sp. B. 

Cultural characters. Growth on MEA slow, mat covering a 9 

cm. petri plate in 4 weeks (24-32 mm. diam./ 7 da.); mats 

white, appressed, finely plumose, becoming downy near 

center, zonate at higher temperature (25° C); margin 

appressed, diffuse; odor mild; agar discoloration none; not 

fruiting by 6 weeks. Oxidase reaction weakly positive with 

guiacol. Optimum temperature 20-25° C. Hyphae of advancing 

zone 1-2 pm broad, thin walled, nodulose-septate, 
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occasionally branched. Submerged hyphae 3-5 pm broad, 

similar to advancing zone hyphae, cylindric, frequently 

branched. Hyphae of aerial mat 2-5 pm broad, mostly 

cylindric and radially oriented, becoming interwoven, thin 

walled, nodulose-septate with occasional branches containing 

simple septae, frequently branched; older mycelium with 

swollen hyphae, to 10 pm broad, usually with thickened 

walls. Chlamydospores to 10 pm broad, limoniform to 

oblong-inflated and distorted, or sphaeropedunculate, with 

thickened and roughened walls in age, contents hyaline. 

Sexuality heterothallic, tetrapolar. Key pattern: 

A-P-S-1-2-8. Species code: 2.3.ll.26.34.36.44.53.56.60. 

Culture studied: Foder 81/12. 

Collybia sp. B (Europe) 

Figure 8 

Spore print white to cream colored. Spores 5.5-6.5 x 

(2.0)2.5-3.5 pm, ellipsoid to narrow ellipsoid in profile 

and face view, thin walled, smooth, inamyloid. Basidia 

16-28 x 3.0-6.5 pm, clavate to slender-clavate, thin walled, 

four sterigmate, not siderophilous. Pleurocystidia absent. 

Cheilocystidia abundant, 18-28 x 4-13 pm, 

globose-pedicellate (sphaeropedunculate), thin walled and 

smooth becoming unevenly thickened and minutely echinulate 
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with maturity. Lamellar trama parallel, inamyloid; hyphae 

4.5-7.5 pm broad, thin walled, smooth. Pileipellis a cutis 

of repent, interwoven, highly branched hyphae with a 

'dryophila-type' structure, inamyloid; hyphae 3.5-8.5 µm 

broad, cylindric or occasionally inflated, thin walled with 

scattered light yellow to brownish incrustatio~s which are 

partially soluble in 3% KOH solution, contents hyaline to 

yellowish in 3% KOH solution. Stipitipellis a layer of 

vertically oriented, parallel hyphae; hyphae 3.0-6.5 pm 

broad, cylindric, with occasional narrow diverticulate 

caulocystidia which are 2-3 µm broad. Clamp connections 

present in all tissues. 

Habit and habitat. Single to gregarious on soil in conifer 

woods in Europe. 

Material Examined: EUROPE: Italy: Peder 81/1; Austria: 

Peder 81/13; Scotland: OKM 17733 (All VPI). 

Observations: Following are notes on the dry collections: 

Pileus pale colored, 'light-ochraceous'; Lamellae cream 

colored when fresh, whitish when dry. 

In Europe, this was the most commonly collected 

'dryophila'-like mushroom, and is easily mistaken for C. 

dryophila as it occurs in North America. North American 

collections of C. dryophila are more darkly pigmented when 

fresh, and do not possess voluminous, minutely echinulate 
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cheilocystidia. A possibility exists that C. sp. B or C. 

sp. A might actually be the true Agaricus dryophilus of 

Bulliard (1780). Since no collections of C. dryophila from 

Europe matching those from North America in morphology were 

available for this study, the status of C. dryophila in North 

America is uncertain until more material becomes availible. 

C. sp. B posseses minutely echinulate sphaeropedunculate 

cheilocystidia and occurs on soil like C. agricola 

(Murr. )Murr., which is only reported from North America and 

is only known to occur in open areas such as lawns and 

flower beds. Whether C. agrico/a occurs in Europe will 

remain uncertain until culture material becomes available. 

C. virginiana (Murr. )Murr., also known only from North 

America, occurs on soil under hardwoods like C. sp. B. 

Based on type studies, Halling (1980) reported a 

'dryophila-type' cutis and cheilocystidia similar to C. 

agricola for C. virginiana. However, he excluded C. virginiana 

as doubtful because of its intermediate status between C. 

agricola and C. earleae. Hessler (1957) also examined the type 

of C. virginiana, but reported that the cheilocystidia were 

absent. A collection labeled C. virginiana (Hessler 8961, 

TENN) lacked a 'dryophila-type' cutis on the pileus, and 

possessed instead an enterocutis with diverticulate hyphae 

present, typical of Collybia section Subfumosae ( Singer ex 
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Halling). Since Collybia sp. B possesses a well developed 

'dryophila-type' cutis, its relation to C. virginiana also 

remains uncertain. 

Cullur~ characters. Growth on MEA slow to moderate, mat 

covering a 9 cm. petri plate in 3-5 weeks (17-33 mm. diam./ 

7 da. ); mats white or yellowish, appressed, thin, silky 

streaked pulverulent, becoming finely plumose near center, 

sometimes zonate at higher temperature (25° C); margin 

appressed, even or not, diffuse; odor mild or slightly 

disagreeable; agar discoloration none, reddish brown at 

higher temperature (25° C); not fruiting by 6 weeks. 

Oxidase reaction negative or weakly positive with guiacol. 

Optimum temperature 20° C. Hyphae of advancing zone 2-3(4) 

~m broad, thin walled, nodulose-septate, rarely to 

moderately branched, hyaline. Submerged hyphae similar to 

aerial mat hyphae, but less inflated. Hyphae of aerial mat 

3-6 pm broad, cylindric becoming inflated and constricted, 

thin walled, hyaline, nodulose-septate, regularly branched, 

interwoven; branches becoming irregularly lobed with short 

swollen appendages; cylindric hyphae sometimes twisting with 

other hyphae, forming braids with abundant short, narrow 

diverticulate branchlets, which become swollen in age, 

forming large sphaeropedunculate cystidia-like terminal 

cells, to 50 rm broad, thick walled, roughened. 
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Chlamydospores to 50 pm broad, globose to elongated or 

sphaeropedunculate, soon thick walled, roughened, 

intercalary or terminal, frequent in aerial mat and 

submerged mycelium, especially abundant on braided elements. 

Crystals commonly present. Sexuality heterothallic, 

tetrapolar. Key patterns: A-O-S-1-2-8-15, A-P-M-1-2-8-15. 

Species code: 

( 1 ) . 2 . 3 . 11. 13 . 2 2 . 2 6 . 3 4 . 3 6 . 3 8 . 43 . - 4 5 . 51. 5 3 . 5 6 . 6 0 . Cu It u res 

studied: Lamoure 81-301, Foder 81/1. 

C. a/kalivirens var. nov. 

Figure 9 

Spore print white. Spores 6.0-8.5 x 3.0-4.S~ellipsoid 

in profile and face view, distinctly apiculate, thin walled, 

smooth, inamyloid, hyaline or slightly yellow in 3% KOH 

solution. Basidia 20-34 x 3-10 ~m, clavate to 

contorted-clavate, thin walled, four sterigmate, hyaline in 

3% KOH solution, not siderophilous. Pleurocystidia 

inconspicuous or absent, 18-24 x 3.0-4.5 ~m, clavate, thin 

walled. Cheilocystidia absent. Larnellar trama parallel, 

inamyloid; hyphae 4.5-7.5 µm broad, cylindric, thin walled, 

smooth or with very light incrustations which dissolve in 3% 

KOH solution. Pileus trama interwoven, inarnyloid; hyphae 

4.5-8.5 µm broad, thin walled, occasionally encrusted with a 
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brown pigment which stains olivaceous in 3% KOH solution. 

Pileipellis a myxocutis to 90 J1In broad, of densely 

interwoven, repent hyphae, compressed at surface, inamyloid; 

hyphae 4.5-7.5 µm broad, cylindric, highly branched, 

bifurcate towards apex, thin to thick walled with scattered 

or plate-like brown incrustations which are partially 

soluble, staining olive-brown in 3% KOH solution, 

vinaceous-brown in distilled water and mild acid (HCl) 

solution, occasionally forming thick walled brown coralloid 

clusters of branched (bifurcate) hyphae. Boundary between 

pileipellis and pileus trama containing large congealed 

globules (to 50 pm broad) of amorphous brown pigment in 

distilled water mounts, occasionally staining olivaceous in 

3% KOH solution, not soluble in either 3% KOH solution nor 

in mild acid solution (HCl). Stipitipellis of vertically 

oriented, parallel hyphae, inamyloid; hyphae 4.5-5.5 pm 

broad, cylindric, occasionally with narrow diverticulate 

branchlets, thin walled, smooth; caulocystidia 2.0-3.0 µm 

broad, thin walled smooth, slightly olivaceous in 3% KOH 

solution, light reddish brown in distilled water. Clamp 

connections present in all tissues. 

Habit and habitat. Gregarious on soil at higher elevations 

under conifers, also in alpine habitats under Salix sp. and 

Betula sp. 
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Material Examined: EUROPE: Austria: OKM 19024; Sweden: 

Moser 81/249 (All VPI). 

Observations: This mushrooms could easily be mistaken in 

the field for a dark variant of C. dryophila, but the green 

reaction to alkali and dryophila-type cutis ally it with the 

C. alkalivirens group (Halling, 1981). It is closely related 

to C. alkalivirens (Singer) (=C. obscura Favre, sensu Halling) 

by virtue of the olivaceous staining reaction in the pileus 

and pigment granules in the trama, but differs by the lack 

of dark incrustations on the lamellar trama hyphae, and 

larger spores. Although I have not seen fresh material of 

this mushroom, the lamellae are reported to appear whitish, 

probably due to the lack of dark encrusting pigments. 

Halling ( 1979) reported that collections of C. a/kalivirens 

from the western U.S. (Idaho and Oregon) had larger spores 

(6.5-8.6 x 3.2-5.4 pm) than the type. It would seem that 

these western collections correspond with C. incrustata 

Miller, described from Alaska (Miller, 1982), which also has 

darkly incrusted lamellar trama, correspondingly dark 

lamellae, and large spores. One collection that I observed 

from Montana (OKM 9475, VPI) had olive-staining 

incrustations in the pileus cuticle and large spores 

(6.5-7.5 x 3.0-3.5 pm) like C. incrustata, but lacked dark 

lamellae and the corresponding incrustations on the lamellar 

trama hyphae. 
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It seems that the dark color of the lamellae is a 

relative feature. Whether the size of the spores is 

significant is also uncertain. Until culture material of 

C. alkalivirens and C. incrustata becomes available, the 

taxonomic position of the light-lamellar variety will also 

remain uncertain. 

Cultural characters. Growth on MEA slow, mat covering a 9 

cm. petri plate in 3-4 weeks (12-25 mm. diam./ 7 da.); mats 

white or yellowish, appressed, silky, radially streaked 

pulverulent (farinaceous) becoming downy to finely plumose 

near center, with or without occasional brownish exudate 

droplets; margin appressed, even, undulating, diffuse; odor 

slightly fruity or earthy; agar discoloration none or 

yellowish brown near center, darker at higher temperatures 

(25-30° C); not fruiting by 6 weeks. Oxidase reaction 

negative with guiacol; older hyphae of aerial mat weakly 

positive with guiacol. Optimum temperature 20-25° C. 

Hyphae of advancing zone 2-4 ~m broad, thin walled, hyaline, 

nodulose-septate, occasionally or moderately branched. 

Hyphae of submerged mycelium 2-5 pm broad, often inflated, 

similar to aerial mat hyphae. Aerial mat hyphae 2-5 pm 

broad, mostly cylindric, mostly hyaline, frequently 

branched, interwoven, nodulose-septate with simple septae 

rarely present on branches, frequently branched, interwoven, 
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inflated to 9 pm broad, with or without thickened walls, 

sometimes catenulate; aerial hyphae 3-11 pm broad, cylindric 

or inflated, becoming catenulate. Chlamydospores to 25 pm 

broad, globose to elliptical, limoniform or 

sphaeropedunculate, usually with thickened walls, smooth or 

roughened, contents hyaline or with refractive 

yellow-brownish pigments, intercalary, terminal, or 

catenulate, frequent in older submerged, surface and aerial 

mycelium. Crystals also commonly present. Sexuality 
( 

heterothallic, tetrapolar. Key patterns: B-0-S-1-2-8-15, 

A-0-S-1-2-8. Species code: 

l.3.24.26.34.36.38.44.51.53.56.60. Cultures studied: OKM 

19024, Moser lB/289. 
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10 µm 

(OI<M 18761)- A, Basidia. B, Basidiospores. C, Cheilocystidia. 
D, Pleurocystidia. E, Pileipellis hyphae. 

Figure 3: Microscopic features in Col/ybia earleae 
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10 }Jm 

I 

E 

(RV 139)- A, basidium. B, basidiospores. C, cheilocystidia. 
D, pleurocystidia. E, pileipellis hyphae. 

Figure 4: Microscopic features in Col/ybia sp. nov. ( RV 139) 
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D 

10 ,um 

(OKM 19225)- A, basidia. B, basidiospores. C, cheilocystidia. 
D, pleurocystidia. E, pileipellis hyphae. 

Figure 5: Microscopic features in Col/ybia dryophila var. 
dryophi/a 
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()Oo 
B 

10 µm 

(RV 86)- A, basidia. B, basidiospores. C, cheilocystidia. 
D, pleurocystidia. E, pilei'pellis hyphae. 

Figure 6: Microscopic features in Collybia dryophila var. 
f unicularis 
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10 µm 

(Foder 81/2)- A, basidia. B, basidiospores. C, cheilocystidia. 
D, pleurocystidium. E, pileipellis hyphae. 

Figure 7: Microscopic features in Col/ybia sp. A (Europe) 
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C>D 
B~ 

D 

10 pm 

(Peder 81/1)- A, basidia. B, basidiospores. C, cheilocystidia. 
D, pileipellis hyphae. 

Figure 8: Microscopic features in Collybia sp. B (Europe) 
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D 

10 µm 

(OKM 19024)- A, basidia. B, basidiospores. 
C, pileipellis ?yphae. D, lamellar tramal hyphae. 

Figure 9: Microscopic features in Collybia a/kalivirens var. 



Figure 10: Collybia earleae ( RV 153) 
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Figure 11: Col/ybia dryophila v ar. funicularis ( RV 149) 
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Figure 12: Col/ybia dryophila var. dryophila ( RV 161) 



3 : Collybia s p. nov. (RV 139 ) 



CONCLUSION 

The Col/ybia dryophila complex in North America is composed of 

4 distinct biological species. This study shows that a 

biological species concept is narrower than a morphological 

(typological) concept for the C. dryophi/a group. Subsequent 

study of morphological and ecological features reveals that 

several of these biological species are very closely 

related. 

Three very closely related taxa which are mutually 

intersterile are C. dryophlla var. dryophlla, C. dryophila var. 

funicularis, and C. sp. nov. (RV 139). The first two are 

especially closely related, and are best identified by 

mating tests. The diagnostic yellow lamellae of C. dryophila 

var. {unicularis were absent in several collections. 

Likewise, some collections of C. dryophi/a var. dryophila 

possessed yellow lamellae. Collections of C. dryophila var. 

funicularis possess pinkish rhizomorphs which are absent in 

the other taxa. Pink rhizomorphs may be diagnostic for C. 

dryophila var. funicularis. 

North American collections of C. dryophlla var. dryophila 

were shown to occur on a wide variety of different 

substrates, including soil, rotted wood, and leaf litter of 

conifers and hardwoods. This appears to be the most common 

member of the C. dryophi/a complex. 

93 
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Co/lybia sp. nov. (RV 139 + G. Bills 45), collected from 

mulch beds on the Virginia Tech campus, is intersterile with 

and morphologically distinct from all other taxa studied, 

and is probably an undescribed taxon. 

Collybia earleae has previously only been reported from 

Eastern North America. Results of this study extend the 

known range of this mushroom to include western North 

America as well, strongly indicating an even wider 

occurrence throughout all of North America. Morphological 

studies reveal that the tawny strigosity at the base of the 

stipe and soil substrate are distinguishing characters for 

this taxon as previously indicated (Coker and Beardslee, 

192l;Halling, 1980). Collybia earleae may be conspecific with 

C. agrico/a and C. virginiana, which also occur on soil but 

lack tawny basal strigosity. Since fresh collections of 

these taxa were not available, their relation to C. ear/eae 

is unclear. 

Three European biological species are revealed by this 

study. One biological species shows affinities with C. 

a/kalivirens by having pigments in the pileipellis which turn 

green in alkali. Our fungus, however, does not possess dark 

lamellae and has larger spores than C. a/kalivirens. Two 

other biological species from Europe are morphologically 

similar to the North American forms of C. dryophi/a. Mating 
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studies show that all European and North American biological 

species are intersterile. Since C. dryophlla is originally 

described from Europe, the nomenclatural status of the North 

American taxa is questionable. A larger sampling of 

European material may reveal transatlantic affinities in the 

C. dryophi/a group. 



LITERATURE CITED 

Arnold, J.D. 1935. A comparative study of certain species 
of Marasmius and Collybia in culture. Myco/ogia 27: 388-417. 

Anderson, J.B. and R.C. Ullrich 1980. Biological species of 
Armel/aria me/lea in North America. Mycologia 71:402-414. 

Bandoni, R.J. 1979. Safranin Oas a rapid nuclear stain for 
fungi. Mycologia 71:873-874. 

Boidin, J. 1980. La notion d'espece. III: Le critere 
d'interfertilite ou intercompatibilite: Resultats et 
problems. Bull. Soc. Myc. Fr. 96:43-57. 

Bulliard, P. 1780. Histoire des Champignons de la France. In 
Herbier de la France, Paris. 

Burnett, J.H. 1975. Mycogenetics. John Wiley and Sons, 
London. 375 p. 

Chu, Y. H. 1950. Contribution a l'etude de la Sexualite et 
du Mycelium des Basidiomycetes saprophytes. Extrait des 
Anna/es de l'U niversite de Lyon. BOSC Freres, Lyon. 

Coker, W.C. and H.C. Beardslee. 1921. The Col/ybias of North 
Carolina. Jour. Elisha Mitchell Sci. Soc. 37:83-107. 

Davidson, R.W., W.A. Campbell and D.B. 
Causing Decay of Living Oaks in the 
and Their Cultural Identification. 
785. 

Vaughn. 1942. Fungi 
Eastern United States 
USDA Tech. Bull. no. 

Farr, E.R., O.K. Miller, Jr. and D.F. Farr. 1977 
Biosystematic studies in the genus Pho/iota stirps Adiposa. 
Can. J. Bot. 55:1167-1180. 

Fries, E. 1821. Sysi:ema Mycologicum. Vol. I. Berling, 
Lundae. 520 p. 

Fries, E. 1838. Epicrisis Systematicus Myco/ogici. Uppsala. 608 
p. 

Gillet, C.C. 1874. Les Hymenomycetes. Ch. Thomas, Alencon. 
828 p. 

96 



97 

Gilliam, M.S. 1976 The genus Marasmius in the Northeastern 
United States and adjacent Canada. Mycotaxon 4:1-144. 

Haard, R.T. and C.L. Kramer. 1970. 
discharge in the Hymenomycetes. 

Periodicity of spore 
Mycologia 62: 1145-1169. 

Halling, R. E. 1979. Notes on Collybia I. Collybia alkalivirens. 
Mycotaxon 8: 453-458. 

Halling, R.E. 1980. The genus Collybia in New England. PhD 
Dissertation, University of Massachussetts. Amherst. 
180 p. 

Halling, R.E. 1981. Notes on Collybia II. 
that are green in alkaline solution. 
73:634-642. 

Additional taxa 
Mycologia 

Hessler, L.R. 1957. Notes on Southeastern Agaricales, I. 
Jour. of the Tenn. Acad. of Sci. 32:198-207. 

Holmgren, P. and W. Keuken. 19 7 4 Index Herbariorum. Part I . 
The herbaria of the world. 6th Edition. Regnum Veget. 
92:1-397. 

Karsten, P.A. 1881. Acta Flora Fauna Fenn. 2:3. 

Karsten, P.A. 1891. Symbolae ad Mycologicum Fennicum. 
Medd. Soc. Fauna Flora Fenn. 18: 16-68. 

Kauffmann, C.H. 1918. Agaricaceae of Michigan. Vols. I and II. 
Biol. Series Mich. Geol. Biol. Survey Publ. 

Kemp, R.F.O. 1975. Breeding biology of Coprinus species in 
the Section Lanatuli. Trans. Brit. Myc. Soc. 65:375-388. 

Kuhner, M.R. 1935. Nouvelles recherches sur le genre 
Marasmius. Ann. Soc. Linneenne 78-80: 99-120. 

Kuhner, R. and H. Romagnesi. 1953. Flore analytique des 
Champignons superieure. Masson et Cie., Paris. 556 p. 

Kummer, P. 1871. Der Fuhrer in die Pilzkunde. C. Luppe, 
Zerbst. 146 p. 

Kniep, H. 1921 Uber morphologische und physiologische 
Geschlechts differezierung (Untersuchungen an 
Basidiomyzeten). Verh. Physik.-Med. Ces. Wurzburg.N.F. 
46:1-18. 



98 

Lamoure, D. 1965. C/itocybe rivulosa (Pers. ex Fr. ) Kumm. var. 
dryadico/a Favre et Clitocybe candicans (Pers. ex. Fr. ) Kumm. 
Bull. Soc. Myc. France 8:497-508. 

Lange, M. 1952. Species concept in the genus Coprinus. 
Dansk Botanisk Arkiv. B. 14, no. 6. 

Miller, O.K., Jr. 1971. The Relationship of Cultural 
Characters to the Taxonomy of the Agarics. pp. 197-216 
in Evolution in the Higher Basidiomycetes. Ronald H. 
Peterson, editor. University of Tennessee Press, 
Knoxville. 562 p. 

Miller, O.K., Jr. 1972. Mushrooms of North America. E.P. 
Dutton, Inc., New York. 350 p. 

Miller, O.K., Jr. 1982. Higher Fungi in Alaskan Subarctic 
Tundra and Taiga Plant Communities. pp. 123-149 in Arctic 
and Al pine Mycology: First International Symposium on Arcto-
Al pine Mycology. G.A. Laursen and J.P. Ammirati, editors. 
University of Washington Press, Seattle. 

Murrill, W.A. 1916. 36. Cymnopus. North American Flora 
9:352-376. 

Nobles, M.K.1965. Identification of cultures of wood-
inhabiting hymenomycetes. Can. J. Bot. 43:1097-1139. 

Peck, C. 1894. N.Y. State Museum Ann. Report 49:46-69. 

Peck, C. 1897. New York Species of Collybia. Ann. Report of 
the State Botanist. 

Peck, C. 1907. Ann. Report of the State Botanist. 

Poole, R.F. 
culture. 

1928. The fruiting of Collybia dryophila in pure 
Myco/ogia 20:31-35. 

Quelet, L. 1872. Les Champignons de Jura et des Vosges. 
Mem. Soc. Emu/. Montbellard, ser. II, 5:43-332. 

Quintanihla, A., L. Quintanihla and A. Vasermanis. 1940. La 
conduite sexuelle et la systematique des Hymenomycetes. 
Rev. Myc. 6: 3-48. 

Raper, C.A. 1978a. 4. Sexuality and Breeding. in The 
Biology and Cultivation of Edible Mushrooms. S. T. Chang and 
W.A. Hayes, editors. Academic Press, N.Y. 819 p. 



99 

Raper, C.A. 1978b. Control of development by the 
incompatibility system in Basidiomycetes. in Genetics and 
Morphogenesis in the Basidiomycetes. M. N. Schwalb AND P. G. 
Miles, editors. Academic Press, N.Y. 168 p. 

Raper, J. 1966. 
Press, N.Y. 

Genetics of Sexuality in Higher Fungi. 
283 p. 

Ronald 

Singer, R. 193 6. Das System der Agaricales. Ann. Mycol. 
34:286-378. 

Singer, R. 1975 The Agaricales in Modern Taxonomy. 3rd ed. J. 
Cramer, Vaduz. 912 p. 

Smith, A.H. 1963. Mushroom Hunter's Field Guide. 2nd ed. 
University of Michigan Press, Ann Arbor. 263 p. 

Tyler, V.E., Jr. and D.E. Stuntz. 1962. Examination of 
higher fungi for alkaloids I. L!oydia 25: 225-230. 

Tyler, V.E., Jr., R.G. Benedict and D.E. Stuntz. 1965. 
Chemotaxonomic significance of urea in higher fungi. 
Lloydia 28: 342-353. 

Vandendries, R. 1923. Recherches sur le determinisme 
sexuelle des Basidiomycetes. Memoirs de l'Academie Royale 
de Belgique. Classe des Sciences, 5: 1-98. 

Vilgalys, R. and O.K. Miller, Jr. 1982. Observations on 
sexuality in Collybia butyracea using a simplified cross 
technique. Mycotaxon 14: 305-308. 

Williams, J.H. 1975. The Collybioid Fungi of Washington. 
PhD Dissertation, University of Washington. Seattle. 
351 p. 



Appendix A 

RESULTS OF MAT/NC CROSSES OF INDIVIDUAL 
COLLECTIONS 

RV 86 (1st trial) 

lJ 
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.05II 
.06II 
.07II 
.08II 

---- -
+ -

AlBl 
A2B2 -

.03,.0 

.12,.0 
,07II 

4II,.05II 
2II,.03II 

- -+ -- - -+ + - - -+ + -- -+ -,- + +I 
- - -+ + - -1+1 

8-28-80 

RV 86 (3rd trial) 

.01 
,12 * AlBl 
.03 -I A2B2 

.OlII + - * A1B2 

.02II * - + - A2B2 

.06II - - * + -
2-20-81 

RV 90 (2nd trial) 
~ 

.OlII 

.12, .02II 

.03 

.06II, .01 

-- no rec ,02 ognizable - - mating ,03 types 
.04 - - -
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RV 136 (f_. pol'V'Ohvlla) 
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.07 ...... _.... ................. 

9-13-81 

RV 181,187 

- RV 187 "I" -r+1 
- + -
+ +I- + 

AlBl • 01, • 
A2B2 • 02, • 
ilB2 .03 

+1+ 

187.01 
187.02 
187.03 
187.04 
187.05 
187.06 
187.07 
187.08 
181.01 
181.02 
181.03 
181.04 

-+ - RV 181 no :na 
+ ~ - + - - ident 
+ + -1+ - - -
+ + + + + + + + 187= 
+ + + +i+I+ + + -I 
+ + +!+t+1+ + + -1-1 
+I+ + +l+I+ +!+ -1-1-1 

10-<5-81 
EC-:1 1245 
.01 

.02 + ilBl .01,.02 

.03 - - A2B2 .07 

.04 - - - A.132 .03,.04 

.05 - - • • A2Bl .05,.06 

.06 -1- +1+1-

.07 . + - - - -
10-6-81 

04 
05 

ting types 
ified 

181 



Halling 3307 (1st trial) 
W2 

~,J'3 "'= 
u4--.~ - - no mating types 
X1 - - - determined 
X3 - -
Yl - -
Y2 - - - - - -
Y3 - - - - - - -
Y4 - - - - - -I 
Zl - - - - - - - -1-1 

4-5-81 

Halling 3307 (3rd trial) 

Zl + -
W3 +l- -. 

AlBl Xl,Zl,W3,Y2 
A2B2 X3 
A1B2 W2 

Y2 + - - + 
W2 - -l - - -

8-14-81 

2-26-81 
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Halling 3307 (2nd trial) 
W2 

W3 -
W4 i--+_,..-. 

AlBl W4,W3 
A2B2 Y2 

Hl 
X4 +--+-+--;--. AlB2 W2,Xl,Y3,Y4 

X1 ----...-X 2 Y2 __________ ...._ 

Y3 1-1---+--;--;.-~.,........., 
Y4 -.-1---...,-,-+-------. 
Z2 ............. ~..._..._......,.__. ............. 

8-10-81 

OIQ1 19024 (1st t=ial) 
.01 -

Wl,X4,X2, 
Z2 

.02 

.03 

.04 

.05 

.15 

.16 

.17 

.18 

.19 

.20 

-~ AlBl .01, .03 , .15, .16, - - .20 - - - A2B2 .18 - - - -- - - - -
- - - - -- - - - -
+ .- + - -- - - -1-

AlB2 

-I 
-f-
+I+ -
-1- -

.02, 

.17, 

-I 

.04,.05, 

.19 

- - - - - -1-1- +I-! 
1-28-81 

0!0118761 (1st: 
.02 

.03 - Al.Bl 

.04 - - A2B2 

.05 Al.32 

.06 _J_ 

.07 -+i-

.09 - - -1+1- -

.14 - - -1- -

2-20-81 

trial) 

.05 

.07,.09 

.02, .03, .06 

.14 
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OIQ! 18761 (2nd trial) 

-.09 
.05 
.14 
.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 

+ -- Al.Bl .05,. 22 - -- - + 
+ - - -- - - + 
+ + + + - -+ -- + - -- - + -

A2B2 .26, 
A2Bl .25, 
AlB2 .14, 

-
++ dikary 
-I+ + 
+ + + -- +I+ - -1 

.09 

.21,.27,.28 

.23 

on .24 

- - -'-I- - +• - -1-1 

2-20-81 

O!Ci 19314 
.01 

.02 - AlBl .02 

.03 + -

.04 + + 

.05 + - - + 

A2Bl .03,.05,.06,.09 
AlB2 .07,.08,.0l 

.06 + - - + - dikaryon 

.07 - - ++I++ 

.08 - - + + + + -

.09 +I- - + - - + + 
9-23-81 

OKM 19384 

~ llBl .01, --- - A2B2 .06 
- - - A1B2 .03, - - -I -I A2Bl .02, 
- - +l -1-
- - - -1- + steril 
- - -I -t- -
+ + - -1- - - -- - - -1+1- - - -I 

.04 

.04, .05, .09 

.07, .10 

.11 

e .08 

.u 
.10 
.09 
.08 
.07 
.06 
.OS 
.04 
.03 
.02 
.01 - - - -1- __ , - - -1-l 

9-20-81 

OKM 19225 
.01 

.02 AlBl 

.03 - + A2B2 

.04 - - - AlB2 
• 05 1---~~-+--, A2Bl .06 ___ ....... _ 
.07 - - - + - + 
.08 - - + - +I-

5-19-81 

O!Qf 19308 
.01 

.Ol,.03,.05 

.02 

.04 

.07,.08 

dikaryon .06 

• 02 ~ Al1:ll .01,. 02 
.03 + + A2B2 .03,.04 
.04 + - -

9-2-81 

Peder 81/1 
.01 

.02. .03 + -

.04 + • - · 

.05 - - -

9-21-81 

Peder 81/12 

AlBl .04 
A2B2 .02 
Al:B2 .03,.05 

dikaryons • 01 

.02 - AlBl .01 

.03 A2B2 .C7 
.04 A2Bl .02,.04 
.05 - T - ~ Al32 ,03,,05,.06 
.06 - + - + -
.07 + - - -1-1-

9-21-81 



Appendix 8 

RESULTS OF ADDITIONAL INTERCROSSES 

Intercrosses among 
several European 
collections Peder 8112 •01 ___ _ 
10-27-8l Peder 81/2.02 ------Peder 81/2.03 

Peder 81/2.0i 
>-,o,,-.;-.i--,-.~ 
>--+--~~~---Pode r 81/13.04 - -1- -

Peder 81/13.05 - - - -

Intercrosses among 
Blacksburg and 
West Virginia 
collections 
10-29-81 

,:I ,:I ,:I ,:I 
<<<< 
'° ,Q ,.;) ~ 
VI VI VI VI 

~ - - - -- - - -- - - -- - - -

<<<< 
~ ............ 

VI VI VI VI ,:I ::::, - .................. < < . . . . 
'""'00 o.- .... 
-NVIO\.S::-.S::-

\Q \Q 

RV 157.01 
RV 157 .02 
RV 157.05 
RV 157 .06 
RV 149.01 
RV 149.02 
RV 162.01 
RV 162.04 
RV 162.05 

- - - - - + - + • • ,:I ,:I ::::, 

RV 86.05II 
RV 86 .06II 

------

- -- -- -- -
fl -- -

- + + - ++ 
- + + 
- + + 
- + -- + + 
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oo<<< 
+ + N._,. ............ 
+ + + + !-'' °' °' - N N 

+ + + + ~ . . 
::l O 0 

+ + + + -.::-VI 

+ + + + - I+ l+I 
+ + + + + I+ 1-1 



Intercrosses among 
Blacksburg and 
Giles County 
collections 
10-20-81 

RV 175.02 
RV 175.03 
RV 175.04 
RV 195.01 
RV 195.02 
RV 195.04 
RV 195.07 

RV 86.05II 
RV 86.06II 

Intercrosses among 
Blacksburg Municipal 
Golf Course 
collections 
10-24-81 

RV 148.0l 
RV 148.03 
RV 148.04 
RV 154.01 
RV 154.02 
RV 154.04 
RV 1.53.01 
RV 153 .05 
RV 153.06 
RV 153.09 

Intercrosses am!;mg 
West Virginia 
collections 
10-25-81 RV 162.01 

RV 162.04 
RV 162.05 
RV 163.01 
RV 163.03 
RV 163.05 
RV 164.01 
RV 164.02 
RV 164.04 
RV 164.06 

110 

l..i.. + + + + .J,. + + + + 
+ + + + + + .J,. +l+ + 
+ + + + -1-+ +++ + 
- + + -1-l+ + + +I+ .J,. 

+ + + + + + + + +!+ 
+ + + + + + + + + + 
+ + + + + + + + .J,. -1-
- ti - - - # - -1- -- if - - - :; - - - -

1-- 1-- 1-- I-' I-' I-' !-0 I-' I-' t--
1.11 \J'I \J'I V, Q\C\C\Q'I~~ .....,.....,....,....., cccccccc-.gl,,Q . . . . . . . . . . 
0000000000 
t--N\.111:1\ i-NW::-t--N 

- - - - - + + + - -- - - - - + + + -1-
- - ;I -I+ + + + - -- - - -1- + + -,--- -1- -t+ +1+ +j- -- - - - + +1+ + - -
- - _,_,_ -1-1- - -- - - - - - - - - -- - - - - -1- -1- -- - - - - - - - - -
I-' 1-- 1-- t-- 1-- t-- 1-- I-' ;- ;-
Cl\ 0\ 0\ C\ C'\ Cl\ Cl\ Cl\ Cl\ C\ 
1-- 1-- I-' .... ::- ::- ~ ~ w w . . . . . . . . . . 
0000000000 
\.II .;:,. N I-' 1-- N ..;.. 0\ I-' 1.-J 

- - - - - - -!- - -- - - - - - -1- - -
;f - - IF - - -,-- -
+ + +I• + + +t+ 
+ + + + + + +I+ 
+ + - -1+ +1+1+ 
.J,. +I• + -1 
+ .... + +I+ 
+ + .. .J,. -
+ ..i..l+l..i.. -



MISCELLANEOUS CROSSES 

~~~ 
\Q '° \Q \Q 
VI VI VI VI . . . . 
0  0  0 I-' 

RV 86.0lb 
RV 86.01 
RV 86.12 
RV 86.03 

>-W I-' 0 

- -''=--I<~ 

OKM 18761.09 
OKM 18761. 21 
OKM 18761.05 
OKM 18761.14 
OKM 19024.06 
OKM 19024.08 
OKM 19024.12 
OKM 19024.17 

---
---
- - -
---
---
- --
---
---
---
---
---

. . . 
0 00 
I-' c...lVI 

-co 
CJ\ -. 
0 -., 
--
--
- -
--
--
--
--
--

RV 171.011 
RV 171.02 + + 
RV 171.05 .,.. -r 
RV 86 .OSI  - - -
RV 86.06!  - - -

10-8-81 

00 

°' . ,._ 
N 

-
-
-
-
-
-
-
-

~< 
co 

QCI. °' O'\. 0 0 . s~ 2S 0 -I-' r:1' 
I-' ,._ --00 0) ...... -..A --0\ °' -.... --. . o .... - -\QN 

- - --
----
----
----

111 

0 

~ 
I-' 
00 ...... 

°' I-' . 
0 
VI 

-
-
-
-

0 

~ 
.... 
c:., 
...... 

°' I-' . 
I-' 
~ 

-
-
-
-

00 00 
1-N w.i::-

RV 149.0lEEI'=EJ 
RV 149.02~ 

11-3-81 

~ :g ~ :g 
............ ot 
VI VI VI W 
w w w. 
•  •  • 0 
0000\ 
~ \Q 1.,, 

OKM 18761.041+1+1+1+1 
OKM 18761.07_-_+.-.-. 

12-5-81 



Appendix C 

DISPOSITION OF CULTURES USED IN THIS STUDY 

All cultures a5e maintained on malt extract agar (MEA) slants 
and are stored at 2 C. Cultures listed below are placed in the 
Virginia Tech Mycology culture collection. Those marked with an 
asterisk(*) have also been sent to the Forest Products Lab, Madison, 
Wisconsin. All cultures are single spore isolates unless noted. 
Collection# VT Culture# Collection# VT Cult.# 
C 776.01 
C 776 .02 
C 776.03 
C 776.04 
C 776.05 
C 776.07 
C 776.08 
C 776.09 
C 776.lO(dikaryon) 
C 776.11 
C 776.12 
RV 86.05II 
RV 86.06II 
RV 90.02 
RV 90.02II 
RV 90.08II 
RV 92.0lb 
RV 92.03b 
RV 92.05b 
RV 92.06b 
RV 93.02 
RV 93.04 
RV 93.11 
RV 93.12 
RV 95.01 
RV 95.02b 
RV 95.03 
RV 95.0lb 
RV 95.09 
RV 95.10 
RV 96.01 
RV 96.04 
RV 96.09 
RV 96.13 

1022.01 
1022.02 
1022.03 
1022.04 
1022.05 
1022.06 
1022.07 
1022.08 
1022.09 
1022.10 
1022.11 
1058.05II 
1058.06II 
1059.01 
105,.02 
1059.03 
1060.01 
1060.03 
1060.05 
1060.06 
1061.02 
1061.04 
1061.11 
1061.12 
1062.01 
1062.02 
1062.03 
1062.04 
1062.09 
1062.10 
1063.01 
1063.04 
1063.09 
1063.13 
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RV 97.05 
RV 97.07 
RV 97.11 
RV 97 .13 
RV 98.11 
RV 98.12 
RV 98.14 
RV 108.02 
RV 108.03 
RV 108.42 
RV 108.43 
RV 131.01 
RV 131.02 
RV 131.03 
RV 139.01* 
RV 139.02* 
RV 139.08* 
RV 139.10* 
RV 148.03* 
RV 148.04* 
RV 149.01* 
RV 149.02* 
RV 153.01* 
RV 153.03* 
RV 153.04* 
RV 153.05* 
RV 153.06* 
RV 153.09* 
RV 154.01 
RV 154.02 
RV 154.04 
RV 155.01 
RV 156.01 

1064.05 
1064.07 
1064.11 
1064.13 
1065.11 
1065.12 
1065.14 
1066.02 
1066.03 
1089.42 
1089.43 
1088.01 
1088.02 
1088.03 
1090.01 
1090.02 
1090.08 
1090.10 
1091.03 
1091.04 
1092.01 
1092.02 
1093.01 
1093.03 
1093.04 
1093.05 
1093.06 
1093.09 
1094.01 
1094.02 
1094.04 
1095.01 
1096.01 



Collection II 
RV 158.01 
RV 158.02 
RV 157.01* 
RV 157.02* 
RV 157 .05* 
RV 157.06* 
RV 161.01* 
RV 161.02* 
RV 161.04* 
RV 161.05* 
RV 162.01 
RV 162.04 
RV 162.05 
RV 163.01 
RV 163.03 
RV 163.05 
RV 164.01 
RV 164.02 
RV 164.04 
RV 168.01* 
RV 168.02* 
RV 168.03 
RV 168.04 
RV 170.01 
RV 170. 03 
RV 170. 05 
RV 171.01 
RV 171. 02 
RV 171.05 
RV 175.02 
RV 175.03 
RV 175 .04 
RV 181.02 
RV 181.03 
RV 181.04 
RV 187 .01 
RV 187 .02 
RV 187.03 
RV 195.01 
RV 195.02 
RV 195.04 
RV 195.07 
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VT Culture II 
1097.01 
1097.02 
1098.01 
1098.02 
1098.05 
1098.06 
1099.01 
1099.02 
1099.04 
1099.05 
1100.01 
1100.04 
1100.05 
1101.01 
1101.03 
1101.05 
1102.01 
1102.02 
1102.04 
1103.01 
1103.-02 
1103.03 
1103.04 
1104.01 
1104.03 
1104.05 
1105.01 
1105.02 
1105.05 
1106.02 
1106.03 
1106.04 
1107.02 
1107.03 
1107 .04 
1108.01 
1108.02 
1108.03 
1109.01 
1109.02 
1109.04 
1109 .07 

Collection# VT Cult.# 
OKM 19024.06* 1116.06 
OKM 19024.08* 1116.08 
OKM 19024.12* 1116.12 
OKM 19024.17* 1116.17 
OKM 19225.01* 1113.01 
OKM 19225.02* 1113.02 
OKM 19225.04* 1113.04 
OKM 19225.07* 1113.07 
OKM 19384.01 1110.01 
OKM 19384.02 1110.02 
OKM 19384.06 1110.06 
OKM 19384.07 1110.07 
OKM 19314.02 1111.02 
OKM 19314.03 1111.03 
OKM 19314.07 1111.07 
OKM 19308.03 1112.03 
OKM 19308.01 1112.01 
Halling 3307Y3*1114.0l 
Halling 3307Y4*1114.02 
EC-M 1245.01 1115.01 
EC-M 1245-.03 1115.03 
EC-M 1245.05 1115.05 

Moser lB/289.01* 1117.01 
Moser lB/289.02* 1117.02 
Poder 81/1.03* 1118.03 
Poder 81/1.04* 1118.04 
Peder 81/1.05* 1118.05 
Peder 81/13.01* 1119.01 
Lamoure 81-301.01*1120.0l 
Lamoure 81-301.02*1120.02 
Peder 81/2.01* 1121.01 
Peder 81/2.02* 1121.02 
Peder 81/2.03* 1121.03 
Peder 81/2.04* 1121.04 
Peder 81/2,05* 1121.05 
Peder 81/2.06* 1121.06 
Peder 81/2.07* 1121.07 

RV 230.01 1145.01 
OKM 18761.04 1147.04 
OKM 18761.07 1147.07 
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Collection# 
DIKARYOTIC CULTURES: 

VT Culture# 

OKM 6779-s 994 
OKM 7063sp 995 
OKM 7607sp 996 
DAOM 35290 998 
JWR. 829 999 
JL 227sp 997 
OKM 2321-s 1000 
RV 153 1149 
OI.Q118761.15 1147 
RV 86.19 1150 
RV 86.08 1160 
GB 45.13 1151 
GB 45 1159 
RV 149 1152 
RV 148 1158 
RV 131 1161 
RV 161 1164 
Poder 81/13lEurope) 1153 
Moser 1B/298(~uropel 1154 
OI<M 19024.34(turope) 1155 
Poder 81/l(Europe) 1156 
Poder 81/2(Europe) 1163 
Lamoure 81-30l(Eur.) 1162 
OKM 19308 1157 
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A BIOSYSTEMATIC STUDY OF COLLYBIA DRYOPHILA 

(BASIDIOMYCETES: TRICHOLOMATACEAE) 

by 

Rytas Vilgalys 

(ABSTRACT) 

Several fungi in the species complex surrounding Co/Jybia 

dryophila ( Basidiomycetes: Tricholomataceae) are very closely 

related. For this study, monosporous isolates were obtained 

from spore prints of over 40 different collections made in 

North America and Europe. Mating studies indicate 

tetrapolar incompatibility with multiple alleles for all 

groups studied. Extensive intercrosses also reveal 4 

distinct biological species in North America. 

North American populations of C. dryophila var. dryophila 

represent the most widely distributed population studied. 

Col/ybia dryophila var. funicularis forms a second biological 

species. Col/ybia ear/eae is represented by intercompatible 

collections from California and Virginia, indicating that it 

is more widespread than previously believed. A population 

of Col/ybia which fruits on mulch beds on the Virginia Tech 

campus forms a fourth biological species. 

Six European collections used in this study are also 

tetrapolar, and belong to 3 biological species. Two of 

these biological species are morphologically distinct from 

the other taxa studied, and one may represent the true C. 

dryophi/a as originally described from Europe. A third 



biological species shows affinities with C. a/kalivirens, 

· another taxon in the same section of Collybia. All 

intercrosses among North American and European biological 

species were intersterile, indicating at least seven 

distinct taxa present. A taxonomic revision of the C. 

dryophila complex and key to taxa are presented, with a 

discussion of the nomenclatural status of the taxa. 
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