
A2f)tolo@a,89(4),  1997, pp 670-688 
C 1997 b~ The Web %rk Botanical Garden, Bronx, XI' 10458-5126 

The genus Inocybe in Montana aspen stands 
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Abstract: Mycorrhizal members of the Cortinari-
aceae are an important component of the mycoflora 
of aspen (Populus tremuloides) stands in Montana. 
Fourteen species of Inocybe that occur with aspen in 
Montana are described. A majority of the species 
were linked for the first time with aspen in North 
America, and this is the first report of I. Jllavella, I. 
lo?zgispora,and I. squamata from North America. In-
ocybe species are generally thought to be rather un- 
specific as to host with a preference for disturbed or 
early successional sites. The occurrence of many of 
the same species in widely distributed aspen stands 
in Montana and Idaho, suggests aspen may host a 
limited set of Inocybe species within this region. More 
extensive surveys are needed to determine if a pat- 
tern does indeed exist, and how host tree, soil, cli- 
mate, and geography influence the distribution of In-
oqbe species. 

Key Words: Agaricales, Cortinariaceae, fungi, my- 
corrhizal, Populus tremuloides, systematics 

INTRODUCTIOS 

During a study to determine the ectomycorrhizal fun- 
gi associated with Populus tremuloides Michx., mycor- 
rhizal members of the Cortinariaceae, and particu- 
larly the genus Inocybe (Fr.) Fr. were found to be com- 
mon in certain aspen stands in the north central 
Rocky Mountains (Cripps and Miller, 1993). Inoqbe 
species were particularly prevalent on a xeric site 
near Butte, Montana, where the soil and vegetation 
have been affected by the previous activity of copper 
smelters. However, some of the same Inocybe species 
occurred in widely dispersed aspen stands, suggesting 
that a specific subset of this genus might occur with 
aspen in Montana. 

Monographs of European species have recently 
been published by Kuyper (1986) and Stangl (1989). 
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Both report that the distribution of many of the spe- 
cies we report includes North America, but only two 
papers focusing on Inoqbe in North America have 
followed their publications (Nishida, 1988, 1989). 

The Inoqbe species of North America have been 
studied in Nova Scotia, Canada (Grund and Stuntz, 
1968-1984; Smith and Wehmeyer, 1936), the Eastern 
United States (Atkinson, 1918; Kauffman, 1920; Peck, 
1872-1910; Smith and Hesler, 1938), Michigan 
(Kauffman, 1918; Smith, 1939; Stuntz, 1954), Wash- 
ington and Oregon (Smith and Stuntz, 1950; Stuntz, 
1947), California (Nishida, 1988, 1989), the Yukon 
territory and Alaska (Miller, 1987), and in general 
(Kauffman, 1924). No studies have concentrated on 
the genus Inocybe in the Rocky Mountains, and eco- 
logical information is scant in much of the North 
American literature. 

Species of Inoqbe are often considered to be gen- 
eralists, occurring with a broad range of hosts, and 
this may be true, as many species are reported to 
associate 14th b3th conifers and angiosperm trees. 
However, misidentifications and poor ecological 
notes are of concern here. Two distinct Inoqbe floras 
were found in California, associated with two differ- 
ent forest types, conifers and live oaks (Nishida, 
1989). In that study nodulose-spored species were 
more prevalent with conifers. 

There is also evidence that an alpine flora of Ino-
qbe species exists, with many of the same species oc- 
curring in Alaska (Miller, 1987), the Alps (Fawe, 
1955, 1960; Horak, 1987), and Greenland (Lange, 
1957). These species are often associated with a lim- 
ited array of alpine hosts, particularly willow and 
birch. 

Inocybes are considered "weedy" species, which 
occur early in succession (Fox 1983, 1986), and on 
disturbed sites (Kuyper 1986), and this in itself may 
be a recurring theme. Thus, some patterns are 
emerging, but whether it is the host, the soil, or other 
abiotic variables remains to be discovered. 

The large pure stands of aspen in North America 
provide an opportunity to study species of Inocybe 
with one host across a range of environmental con- 
ditions, uncomplicated by the presence of other ec- 
tomycorrhizal plants. The present study adds to 
knowledge of the genus Inocybe in North America 
and provides ecological information on species as- 
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sociated with P tremuloides in the north central Rocky 
Mountains. It is hoped that by providing keys and 
detailed descriptions, the occurrence of these species 
with aspen, as well as with other hosts, will become 
more well known and reported in North America. 

hL4TERIL%S . W D  METHODS 

Sporocarps of Inocybe species were collected in pure 
aspen stands (unless otherwise noted). Numerous 
collections came from montane sites near the town 
of Butte, and in Cinnabar basin, at 1800 and 1900 m 
a.s.1. in the north central Rocky Mountains of south- 
western Montana. 

Fumes from previously operating copper smelters 
killed much of the vegetation in the Butte area at the 
turn of the century. Aspen have colonized large tracts 
of land since the closure of the smelters. The soil is 
a nutrient poor sand, formed from granite, with el- 
evated levels of Cu, Fe, and Al, and pH 4.3-5.7. An-
nual precipitation averages 30.9 cm/yr. 

In contrast, the site in Cinnabar Basin, just north 
of Yellowstone National Park, is covered by a mature 
aspen stand with trees up to 114 yr old. The soil is a 
relatively fertile sandy loam, with pH 5.4-6.6. Precip- 
itation averages 40 cm/yr. Additional aspen stands 
inspected in Montana and Idaho are noted in the 
text. 

Macroscopic descriptions were of fresh specimens. 
Selected vouchers are in the Massey Herbarium Vir- 
ginia Tech (VPI, Blacksburg, VA), and the remainder 
are in the private collection of C. Cripps (CLC num- 
bers). Color designations were from Kornerup and 
Wanscher (1961), and spore prints were made on 
white bond paper. Microscopic examinations were 
carried out using 3% KOH on rehydrated material. 
Drawings of microscopic features were done with a 
camera lucida at 1000X. Nomenclature and subge- 
neric delineations follow that suggested by Kuyper 
(1986) and Stangl (1989), unless otherwise noted. 

KEY T O  SPECIES O F  LVOCYBE IN MONTANA ASPEN STANDS 

1. 	 Pleurocystidia absent, spores smooth . . . . . . . . . . .  2 

1. 	 Pleurocystidia present, spores smooth or nodulose . . 4 

2 .  	 Pileus, flat disc-shaped, ocher, surface rough-fi- 
brous; lamellae broadly attached; stipe ocher, 
surface rough-fibrous; odor not distinctive; 
spores phaseoliform, 8-9.5 X 4.5-5 ym; basidia 
necropigmented (dried specimens) . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I.dulcamara 

2. 	 Pileus typically more conical-convex, radially fi- 
brous, and rimose; basidia without necropig- 
ment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

3. 	 Pileus center typically squamose. Pileus large, up to 
70 mm diam, with unevenly distributed ocher-or- 
ange-red-yellow colors; lamellae almost free, yellow; 

stipe stout, striate, dingy whitish; odor not distinc- 
tive; spores smooth, 9-11.5 ym X 5.5-6.5 pm, su- 
bamygdaliform, or regular . . . . . . . . . . .  I. squamata 


3. 	 Pileus center not squamose. Pileus smaller, uniform- 
ly bright ocher, yellow, yellow-orange, or yellow-
brown, smooth, greasy (when young) or dry; lamel- 
lae almost free, crowded, gray-brown; stipe bright 
white, smooth; odor spermatic; spores 10-12 X 5-
5.5 p,m, phaseoliform . . . . . . . . . . . . . . . . .  I. flavella 

4. 	 Spores nodulose . . . . . . . . . . . . . . . . . . . . . . . .  5 

4. 	 Spores smooth . . . . . . . . . . . . . . . . . . . . . . . . .  6 


5. 	 Spores with low nodules, "lumpy"; stipe not mar- 
ginate or indistinctly so. Pileus shallowly conical-con- 
vex, umber brown, cuticle splitting in bundles to- 
wards margin; lamellae brown; stipe may be short, 
pale brown, with pink hue at apex; odor absent; 
spores 10-1 1(-14) X 5-6.5(-7) pm . . . . . . . I.,pacomi 

5 .  	 Spores with distinct nodules; stipe base marginate. 
Pileus flat conical-convex, ocher, honey-colored, sur- 
face smooth, greasy; lamellae sinuate, gray, gray- 
brown; stipe with distinctly marginate cuplike base, 
bright white, surface smooth, pruinose to base; odor 
absent or faintly spermatic; spores 7.5-9.5 X 5.5-6.5 
ym . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. rnixtilis 
6. 	 Fruiting body primarily white! light-colored . . .  7 
6. 	 Fruiting body with darker colors . . . . . . . . . . .  9 


7. 	 Fruiting body white, staining salmon color in age. 
Pileus conical, umbonate, surface smooth; lamellae 
almost free, broad, light brown, gray-brown; stipe 
thin, equal or swollen at base; odor spermatic; 
spores elliptical, (8.5-) 9-10 X 5-5.5 km . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I. whitei f. uhitei 


7. 	 Fruiting body not staining salmon in age . . . . . . . .  8 

8. 	 Odor spermatic; spores elliptical. Pileus conical, 

umbonate, white, surface smooth; margin ri-
mose; lamellae sinuate, almost free, well-spaced, 
broad, light brown; stipe equal, long, thin, flex- 
uous, white, smooth; spores 8-9.5 X (4.5)5-5.5 
km . . . . . . . . . . . . . . . .  I. geophy lla var. geophy lla 

8. 	 Odor of wet dog; spores (sub)amygdaliform. Pi- 
leus shallowly convex, or nearly applanate, 
white, pale buff, smooth or indistinctly radially 
fibrous; lamellae sinuate, broad, white, light 
brown, occasionally with yellow or gray hue; 
stipe equal, stout, firm, striate, white, pink at 
apex; spores (8.5-10 X 4.5-5..5 pm); pleurocys- 
tidia long and narrow . . . . . . . . . . . . . I. sindonia 

9. 	 At least stipe apex lilac (check young specimens) 10 
9. 	 Fruiting bodies without lilac colors . . . . . . . . . . . .  11 


10. Stipe flesh firm, surface overlain with brown 
fibrils; pleurocystidia narrowly subfusiform. 
Pileus small compared to stipe length, convex, 
brown, appressed squamulose; lamellae lilac, 
grayish-lilac, then yellow-brown; stipe sturdy, 
lilac at apex or entire length, remainder whit- 
ish, with brown fibrils; odor spermatic; spores 
(8.5-)9-11 X 5.5-6.5 pm, subamygdaliform; 
paracystidia brown encrusted . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  I. phaeocomis var. major 



10. Stipe surface without distinct brown fibrils; at 
least some pleurocystidia subcapitate. Pileus 
convex with small umbo, surface roughened, 
minutely scaly, excoriate, or  fibrous, light 
brown, often with lilac tints towards margin: 
lamellae attached, lilac or yellow brown; stipe 
equal, long and thin, lilac at apex or whole 
length, surface with white longitudinal fibrils: 
odor spermatic; spores subamygdaliform 
(8.5-) 9-1 0 X 3.5-6.5 pm: . . . . . . I. gr~seolilacina 

11. Spores on average, over 12 pm . . . . . . . . . . . . . .  12 

11. Spores on average, less than 12 km . . . . . . . . . . .  13 


12. Pileus almost smooth, radially fibrous. Pileus 
conical-convex, with low umbo, smooth or in- 
distinctly radially fibrous, bright ocher, often 
with sticky white velipellis in center, dry. or 
greasy; lamellae deeply sinuate, gray brown; 
stipe equal, stout, occasionally submarginate, 
white or pale ocher, surface smooth; odor sper- 
matic; spores cylindrical 11-14(-15.5) X 4.5-.5.5 
ym . . . . . . . . . . . . . . . . . . . . . . . . . . .I.longispora 

12. Pileus 	 not smooth. Pileus convex, minutely 
woolly or lacerate with recurved scales, dark 
brown, light brown, or yellow brown; lamellae 
brown; stipe equal, paler than cap, surface 
rough-fibrous; odor fungoid; spores, long cylin- 
drical and slightly angular, 12-14 X 4.5-5 pm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I . l a c m  

[spore length varies from 65-17 pm in var. heta-

osperma] 

[also see note aftrr I. floc.culo~n] 


13. Pileus appressed squamulose. Pileus conical-convex 
with squarish apex and inflexed margin, becoming 
convex, margin inflexed, tau? yellow, yellow-brown, 
brown, with small appressed squamules; lamellae 
gray, gray-brown, often with yellow hue; stipe equal 
or gradually enlarged towards base, white, covered 
with soft, white fibrils; cortina obvious on margin in 
young specimens; odor spermatic; spores typically 
subamygdaliform; some pleurocystidia with yellow 
walls . . . . . . . . . . . . . . . . . .  I.floccrilosa var. flocculosa 

[note: spores typically 10-12 X .5-5..5 p m ,but spore5 vari- 
able in 5ome collections. with torpedo-shaped sporrs 12- 
IS(-17) pm. rarely up to 'LO ~m in length] 

13. Pileus uniformly radially fibrous, without appressed 
squamules. Pileus conical-convex, margin inflexed, 
dark brown, brown, often with coppery tints, shiny 
(rarely dull), uniformly radially fibrous; lamellae. 
white at first, then brown or yellow-brown; stipe 
club-shaped, gradually enlarged towards base, white, 
typically watery orange at apex; odor spermatic; 
spores 10-12 X 5.5-6.5 p. . . . . . . . . . . . I. nitidit~scula 

DESCRIPTIONS OF THE SPECIES 

Inoqbe dulcamara (Pers.) Kummer FIGS. 1-4, 57 

Pileus 20-50 mm diam, hemispheric when young with in- 
rolled margin, becoming broadly hemispheric or almost 
plane with flat center, occasionally with indistinct umbo; 

uniformly round viewed from above; lion color, ocher, yel- 
low brown, orange brown (5C6, 6D7); surface woolly-fi- 
brous, fibrils darken to brown in age; margin whitish due 
to cortina (in young specimens), entire, not rimose, occa- 
sionally split, inrolled at first, then down turned; cuticle typ- 
ically overhangs lamellae. I.amellar broadly attached, ad- 
nate, or almost subdecurrent, well-spaced, somewhat broad 
(-5 mm). clay at first, then ocher, yellow-brown, or brown, 
often concolorous ~ + l t h  pileus; lamellae edges fimbriate, 
white or brown. Stzpe 13-70 X 3-9 inm. typically shorter 
than cap width, less frequently longer, equal or flaring at 
apex, light ocher, paler than pileus, whitish above ring zone, 
white at base, floccose at extreme apex. downwards fibrous. 
covered with longitudinal fibrils in bundles which darken 
in age to give surface a roughened appearance. Cortinc~ 
white, arachnoid, flaring upward when present, leaving- an 
indistinct superior annular zone, remnants may persist at 
cap margin. Context white or pale ocher, firm. Odor not 
distinctive. 

Spore deposit olive brown. Basidiospores 8-9.3 X 4.<3-5 
Fm (E = 1.7-2.2. E,,, = 1.9), smooth, phaseoliform, less 
frequently regularly elliptical. Bnsidia 22-29 X 3.5-7.5 pm, 
clavate, filled with dense material (necropigment) in dried 
specimens, protruding from hymenium, hterigmate, a few 
with yellow contents in KOH. PIPuroqstidia absent. Chrilo-
cystidiu 8-13 X 16-22 Fm, thin-walled, broadly clavate. Pz-
lpiPellis hyphae parallel, 4-7 pm wide, swollen, encrusted. 
Clamp connections present in all tissues. 

Hahtat  and distribution. Open ground under Populzis tre- 
rnz~loidesin Montana. Preliously reported from Europe and 
western North America, with Salix, Betula, and conifers. 
Common in subalpine habitats, often along roadsides or 
riparian areas in spring in gravelly or sandy soil. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 20 June 1992, CLC 373; 20 June 1992, (:LC 374. Park 
Co, Cinnabar Basin: 13luly 1992, CI,C 232; 17 June  1992, 
CLC 348; 28 June 1992, (;LC 405; 13 July 1992, CLC 472 
(VPI 3047); 16 June 1993, CLC 60%; 16 June 1993, C1,C 
606; 16 June 1993, CLC 607; 17 Xug 1993, CLC 716. Glacier 
Co, St. Mary Lake: 4 July 1995, CLC 848; 4 July 1995, CIX: 
849. Deerlodge Co, ,haconda: 27 June 1996, (:LC: 1017. 

Obsavations. The concept of this taxon is that of Aber- 
tini and Schweinitz in 1805 (Kuyper, pers. comm.). I n o g b ~  
rlulcamarc~is recognized by its overall ocher color, and the 
rough fibrous texture of the flat cap and stipe. It has been 
reported from Washington (Stuntz, 1947) with conifers, 
and from the Yukon Territory in Canada with willows, dwarf 
rvillows, or Dryas (Miller, 1987). 

Inoqbejlavella P. Karst. var. jlavella FIGS.5-8, 58 

Pileus 18-80 mm diam, conical at first with rounded apex, 
expanding to conical-convex, or almost applanate with ob- 
tuse or sharp umbo, yellow, bright bro~rnish yellow (5C7), 
bright ocher, dull ocher, greasy when young and fresh, dry 
in age, with smooth center, outwards radially fibrous (fibers 
occasionally diverge to expose white context), with or with- 
out white velipellis in center; margin inflexed in young 
specimens and uneven, then straight, even uplifted, ?pi- 



CRIPPS:LVOCYBEIN ASPEN 

FIGS. 1-4. Inocybe dulcamara. 1. Basidiocarps. 2. Basidiospores. 3. Cheilocystidia. 4. Basidia. Left bar = 1 cm for Fig 1, 
and right bar = 10 km for FIGS. 2-4. 

cally rimose, splitting deeply in a few places. Lamellae nar-
rowly sinuate, or almost free, crowded, narrow or broad (-8 
mm wide), clay at first, then light gray, yellow-gray, finally 
gray-brown, occasionally bruising yellow or brown; lamellae 
edges fimbriate, white. Stipe 40-loo(-150) X 4-10 mm, 
equal or gradually enlarged towards base, not marginate, 
bright white, watery ocher in age, surface smooth, even 
greasy, with sparse hairs at apex, typically buried in the soil. 
Cortina absent. Context white, occasionally with yellow tints 
in cap, fibrous in stipe. Odor spermatic, faint or strong. 

Spore deposit brown. Basidiospores 10-1 2 (-1 7 )  X 5-5.5 
(-6.5) brn (E = 1.8-2.2, E,,, = 2.1), smooth, subphaseoli- 

form, a few regular (elliptical), with small apiculus, thick 
walled. Basidia 30-38 X 8-11 pm, clavate, primarily 4-ster- 
igmate, less frequently 2-sterigmate. Pleurocystidia absent. 
Cheilocystidia 40-65 X 9-14(-18) Fm, narrowly clavate, 
apex broadly rounded, thin-walled. Caulocystidia absent, 
or with swollen end cells similar to cheilocystidia. Pileipellis 
hyphae parallel, 3-6(-8) p,m wide, encrusted, occasionally 
inflated, not obvious, oleiferous hyphae present or not. 
Clamp connections present in all tissues. 

Habitat and distribution. I. jlavella is a common asso- 
ciate of aspen on many soil types in Montana, occasionally 
occurring in great numbers. Widespread in Europe, re- 

FIGS. 5-8. Inocybejlavella var. jlavella. 5. Basidiocarps. 6. Basidiospores. 7. Cheilocystidia. 8. Basidia. Left bar = 1 cm for 
Fig. 5 and right bar = 10 p,m for FIGS. 6-8. 



FIGS. 9-12. Inocybejlocculosa var. jlocculosa. 9. Basidiocarps. 10. Basidiospores. 11. Pleurocystidia. 12. Basidia. Left bar = 
1 cm for Fig. 9 and right bar = 10 pm for FIGS. 10-12. 

ported with Fagus, Corylus, Populus cv. canadensis, and 
Picea. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 20 June 1992, CLC 376; 23 July 1992, CLC 498; 23 
July 1992, CLC 502. Park Co, Cinnabar Basin: 17 Aug 1993, 
CLC 719 ( W I  3046); 13 July 1992, CLC 476; 13 July 1992, 
CLC 479 ( W I  3035); 28 July 1993, CLC 672. IDAHO. Te- 
ton Co, Felt: 26 July 1992, CLC 517; 26 July 1992, CLC 
516. 

Observations. Inocybejlauella P. Karst. var. jlauella is sim- 
ilar to I. rimosa (Bull.:Fr.) Kumm., which also occurs with 
aspen in Montana. Inocybejlauella differs by a bright gold- 
en pileipellis when young, thinner spores, and narrower 
cheilocystidia. Montana specimens of I. flavella are more 
robust than those described for Europe, and have a sper- 
matic odor not common in European collections. Cetto 
(1993) noted a spermatic odor for this species, and reports 
it with P canescens. It also occurs with Populus cv. cana-
densis as well as other trees in Europe (Kuyper 1986). 
Montana specimens have occasional large spores, up to 17 
pm long in collections with 2-sterigmate basidia as de-
scribed for I. xanthocephala Orton (1960), which is con- 
sidered a synonym by Kuyper (1986). 

Inocybe$occulosa Sacc. var. jlocculosa FIGS.9-12, 59 

Pileus 20-70 mm diam, hemispheric or conical-convex 
with squarish apex and inflexed margin when young, then 
broadly convex, almost plane, with inturned margin, oc- 
casionally with uplifted margin, with or without snlall 
round umbo, infrequently depressed in center, tawny lion- 
color, yellow brown (5C7), tan, or light brown with varying 
degrees of yellow, darker brown in youth, lighter and more 

yellow in age, minutely appressed squamulose (recurved 
in age) in center, or over entire cap, outwards indistinctly 
radially fibrous, occasionally with a dark ocher patch in 
the center and lighter appressed scales towards margin; 
margin entire or slightly rimulose, inflexed, covered with 
a copious white cortina in young specimens; cuticle may 
over-hang gills. Lamellae sinuate, or deeply sinuate, de- 
pressed at stipe apex, often broad (-8 mm), white, then 
gray, gray-brown, yellow-brown, bruising yellow or brown; 
lamellae edges white, fimbriate. Stipe 30-80 X 3-lo(-18) 
mm, equal or gradually enlarged towards base (long and 
club-shaped), more rarely expanded at apex, straight or 
flexuous, white, or tinted ocher, pruinose in top third, re- 
mainder covered by "soft downy" longitudinal white fi- 
brils. Cortina white, fibrous, copious on margin of young 
specimens, making pileus margin appear whitish. Context 
white in cap, watery tan in stipe, solid in stipe. Odor sper-
matic, often strongly so. 

Spores brown in deposit. Basidiospores 10-12(-13) X 5-
5.5 pm (E = 1.8-2.4, En, = 2.0), smooth, thick-walled, su- 
bamygdaliform or regular, occasionally with conical apex; 
larger spores 12-13(-17) pm (rarely up to 20 pm long) and 
5-7 pm wide are occasionally present in some collections 
in addition to typical spores, shape variable, largest spores 
torpedo-shaped. Basidia 27-32 X 6-8 pm, clavate, 4sterig- 
mate; atypical spores also on 4sterigmate basidia. Pleurocys-
tidia infrequent or frequent, 50-63 X 13-15 pm, subfusi- 
form, less frequently clavate, shape variable, a few fine- 
grained crystals at apex, may exhibit viscid exudate at apex; 
walls 2-3 pm thick, bright yellow, or colorless, color varies 
along lamellae edge. Cheiloqstidia similar to pleurocystidia, 
walls thinner (-2 pm), yellow; paracystidia 23 X 9 pm, thin- 
walled, clavate. Cauloqstidia similar to cheilocystidia, pres- 



FIGS. 13-1 6. Inocybe geophylla var. geophylla. 13. Basidiocarps. 14. Basidiospores. 15. Pleurocystidia. 16. Basidia. Left bar = 

1 cm for Fif. 13 and right bar = 10 pm for FIGS. 14-16. 

ent on top third of stipe. Clamp connections present in all 
tissues. 

Habitat and distribution. A common associate of I? tre-
muloides in many soil types in Montana and Idaho. Report- 
ed from eastern and western North America, with willow in 
alpine habitats, and in Europe with Betula, Salix, Populus, 
A~TLUS,Quercus, Fagus, Picea, and Pinus. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 5 July 1991, CLC 201; 3 July 1992, CLC 455; 5 June 
1994, CLC 750. Park Co, Cinnabar Basin: 17 June 1992, 
CLC 350; 17 June 1992, CLC 351b; 28 June 1992, CLC 410; 
28 June 1992, CLC 414 (WI  3031); 28 June 1992, CLC 415; 
28 June 1992, CLC 416; 28 June 1992, CLC 417 (VPI 3032); 
13 July 1992, CLC 484. IDAHO. Teton Co: 26 July 1992, 
CLC 515; 26 July 1992, CLC 526. Lake Co, Cascades: 26 
Tune 1994, CLC 761 (WI 3049). 

Observations. This taxon was previously delineated I. Jloc-
culosa (Berk.) Sacc. Stangl (1989) describes I. Jlocculosa spores 
as 8-11 long with spores up to 13 pm. Stangl & Veselsky 
(1977), described 5 groups within the species complex with 
different spore forms. Kuyper found the spores to be more 
variable and not correlated with distinct ecological groups. 
Two Montana collections had both regular and long torpede 
shaped spores. Collection CLC 417 came from the same aspen 
stand as collections with regular sized spores indicating this 
trait can vary locally. A second collection with variable spore 
size (CLC 761) came from Idaho. This wider distribution is 
evidence that variation in spore size is characteristic of this 
taxon in North America, as prehlously reported for Europe. 

Inocybe geophylla (Fr.:Fr.) Kumm. var. geophylla 
FIGS.13-16, 60 

P i h s  15-30 mm diam, up to 5 mm high at apex, sharply 
conical when young with inflexed margin, expanding to 

conical-convex, or almost applanate with distinct, sharp pa- 
pillate umbo, white at first, becoming pale brown, occasion- 
al ochraceous tints, totally smooth, umbo smooth and out- 
wards silky-radially fibrous, fibrils not diverging; white velar 
material may obscure darker ground color in young speci- 
mens; margin typically rimose. Lamellae almost free, sinu- 
ate, well-separated, broad (-2 mm), white, light brown, light 
gray brown, light yellow brown, occasionally with yellow 
hue; lamellae edges fimbriate, white or concolorous. Stzpe 
20-50 X 2-3 mm, long, thin, equal, or with indistinct knob 
at base, flexuous or straight, white, light tan, or with ocher 
tints, smooth, shining, pruinose at apex, remainder covered 
by longitudinal white fibrils (easily removed on handling). 
Cortina white, fibrous, conspicuous in young specimens, 
soon gone. Context white, occasionally yellow beneath cuti- 
cle. Odor spermatic. 

Spores brown in deposit. Basidiospores 8-9.5 X (4.5-)5-
5.5 pm, (E = 1.5-1.9, E,,, = 1.7), smooth, elliptical, with 
small apiculus; a few spores obviously larger, 12-14 X 4.5-
6.5 pm, long elliptical. Basidia 23-30 X 6-9 pm, clavate. 1-, 
2-, and 4sterigmate. Pleurocystidia 54-72 X 9-14 pm, nar- 
rowly subfusiform, or nearly cylindrical, crystals at apex; 
walls 1-2(-3) pm thick, pale green. Cheilocystidia similar to 
pleurocystidia; paracystidia 18 X 9 Fm, thin-walled, clavate. 
Caulocystidia on stipe apex, similar to pleurocystidia. Pilei-
pellis hyphae parallel, 6.5-12(-15) pm wide, slightly swol- 
len, with roughened walls. Clamp connections present in all 
tissues. 

Hahtat and distribution. In riparian areas beneath aspen, 
or mixed aspen and willow, in Montana. Widespread and 
common in Europe and North America with both hard- 
woods and conifers. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 20 June 1992, CLC 365 (VPI 3028); 25 June 1993, 
CLC 622; 20 July 1994, CLC 785. 



FIGS. 17-20. Inoqbe pacomi. 17. Basidiocarps. 18. Basidiospores. 19. Pleurocystidia. 20. Basidia. Left bar = 1 cm for Fig. 
17 and right bar = 10 pm for FIGS. 18-20. 

Observations. One, two, and four-sterigmate basidia may 
be the basis for the presence of both small and large spores 
in Montana collections. This is the first report of hetero- 
morphic spores up to 14 pm, for this species. 

Inoqbe gzacomi Favre FIGS.17-20, 61 

Pileus 10-25 mm diam, hemispheric, shallowly convex, 
shallowly conical-convex, or flattened (disk-shaped), with 
small umbo, shiny, metallic, umber brown, radially fibrous, 
fibrils splitting in bundles towards margin revealing light- 
colored flesh; margin turned down in young specimens. La-
mellae sinuate, continuing down stipe, subdistant, yellow 
brown, brown; lamellae edges white. Stipe 10-15 X 4-6 mm, 
equal, or tapering towards base, indistinctly submarginate 
in some specimens, light brown, apex paler, often with a 
pink hue, finely fibrous for whole length. Cortina not not- 
ed. Context white, with or without pink hue at stipe apex. 
Odor absent. 

Spores deposit brown. Basidiospores (9-) 10-1 1(-14) X 

5-6.5 (-7) pm (E = 1.6-2.0, E,,, = 1.9), indistinctly nodulose 
with numerous low bumps, frequently pointed at one end, 
1 guttulate, with thick walls. Basidia 20-32 X 8-11 km, cla- 
Fate, 4sterigmate. Pleuroqstidia 54-80 X (1 1-) 17-21 (-32) 
pm, subfusiform, or bulging on one side and curved, width 
variable, with crystals at apex; walls 2-4 pm thick, colorless, 
or pale green. Cheiloqstidia rare, similar to pleurocystidia; 
paracystidia 6-9 X 14-25 pm, thin-walled, clavate. Cauloqys-
tidia not observed, caulocystidioid hairs present. Pilapellis 
hyphae parallel, swollen, 14-19 pm wide, encrusted. Clamp 
connections present in all tissues. 

H a h t a t  and dzstributzon. Rare in Montana aspen stands, 
found once with P tremuloides. Appears to be a species of 
arctic and alpine habitats. Reported with Salix in the Alps 
(Fawe, 1955), from Greenland as I. borealis (Lange, 1957), 

and with Salix in Alaska as I. boltonii ssp. gzacomi (Fa~re)  
Miller (Miller, 1987). 

Collections examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 23 July 1992, CLC 503 (WI 3036). 

Observations. There is some disparity concerning the de- 
lineation and nomenclature of this taxon. Horak (1987) 
considers I.pacomi Fawe and I. borealis Lange synonymous, 
and discusses them in the genus Astrospomna. Lange (1957) 
considered these to be separate taxa based on a difference 
in spore shape. Both taxa are close to I. boltonii Heim, 
which is considered a separate taxon by both Stangl (1976) 
and Horak (1987). 

Inoqbe griseolilacina J .  Lange FIGS.21-24, 62 

Pileus 20-40 mm diam, conical when young, then convex, 
or almost applanate, with or without papillate umbo, pale 
brown, often with lilac hue particularly towards margin, 
center dark ochraceous (if umbonate and without velipel- 
lis), or pale lilac-tan (if not umbonate and with velipellis) , 
outwards radially fibrous, often roughened, becoming ex- 
coriate especially in center, cuticle breaking into squarrose 
patches exposing flesh; margin not rimose (or rarely so), 
covered with cortina in young specimens; cuticle frequently 
not covering flesh at margin. Lamellar attached, angular 
emarginate, adnexed, or nearly subdecurrent, narrow 01-

broad (-5 mm), when young whitish-lilac or lilac (or with 
yellow tones), then gray-brown, yellow-brown; lamellae edg- 
es white or concolorous. Stipe 40-80 X 2-6 mm, long and 
thin, equal, flexuous, lilac at apex or to base, rarely without 
lilac (check young specimens in the field), remainder pale 
watery brown, covered with white longitudinal fibrils, easily 
removed on handling. Cortina whitish or lilac, ephemeral. 
Context white in pileus, often lilac in stipe, rarely with red- 
dish-pink hue at stipe apex. Odor spermatic, often strong. 



FIGS.21-24. Inoqbe griseolilacina. 21. Basidiocarps. 22. Basidiospores. 23. Pleurocystidia. 24. Basidia. Left bar = 1 cm for 
Fig. 21 and right bar = 10 pm for FIGS.22-24. 

Spore deposit brown. Basidiospores (8.5-) 9-1 0 X 5.5-6.5 
km, (E = 1.4-1.8, E,,, = 1.6), smooth, subamygdaliform 
with small apiculus and conical apex, walls thickened. Ba-
sidia 30-32 x 8-10 pm, clavate, 4sterigmate. Pleuroqstidia 
numerous, 50-80 X 8-14 km, variable in shape, subcapi- 
tate, less frequently utriform, fusiform, or capitate, often 
with thin pedicel, without crystals at apex; walls pale, 1-2 
pm thick. Cheiloqstidia similar to pleurocystidia; paracysti- 
dia 7-10 X 5-7 Fm, narrowly clavate, thin-walled. Cauloqs-
tidia absent. Pikipellis of parallel hyphae, 6-9 (-1 2) Fm 
wide, slightly swollen, encrusted. Clamp connections present 
in all tissues. 

Habitat and distm'bution. Fruits in summer under mature 
f? tremuloides in Montana. Previously reported from Michi- 
gan and Washington. Widespread i n  Europe with hard- 
woods. 

Collections examined. U.S.X. MONTANA. Park Co, Cin- 
nabar Basin: 17 June 1992, CLC 351A (VPI 3027); 28 June 
1992, CLC 407; 28 June 1992, CLC 408; 28 June 1992, CLC 
409 ( W I  3030); 13 July 1992, CLC 478 ( W I  3034); 13 July 
1992, CLC 480; 31 July 1992, CLC 536; 28 July 1993, CLC 
674; 28.July 1993, CLC 665; 17 Aug 1993, CLC 723. 

observations. At least three speiies of Inoqbe with lilac 
tints are found with f? tremuloides. Inoqbe griseolilacina is 
distinct in having subcapitate cystidia as illustrated by Stangl 
(1989). 1. phaeocomis v. major has dark fibrils on the stipe. 
More material is needed to describe a third species which 
has a lilac stipe, and a smooth, radially fibrous pileus. 

Inoqbe pseolilacina has been reported from Mt. 
Rainier National Park in Washington (Smith and 
Stuntz, 1950) and from Michigan in hardwoods or 
mixed woods (Stuntz, 1954). 

Inocybe lacera (Fr.:Fr.) Kumm. var. lacera 
FIGS.25-28, 63 

Pileus 15-40 mm diam, up to 4 mm high in center, typi- 
cally hemispheric, convex, or less frequently nearly applan- 
ate, not umbonate or indistinctly so, medium or dark brown 
(6E6) when young or protected from elements, light brown 
or pale yellow brown (5D8) in age or when weathered, at 
first woolly-tomentose over entire pileus, becoming areolate 
in center, outwardly lacerate with recurved scales, tips of 
scales typically lighter than cap color, particularly at margin; 
margin turned under or not, entire, often obscured by fi- 
brillose scales, occasionally split when weathered; center 
rarely with tan velar material, causing pileus to appear 
smoother and lighter colored. Lamellae broadly or narrowly 
attached, depressed at stipe apex, crowded in youth, mod- 
erately broad (2-8 mm), white at first, then yellow brown, 
cocoa brown, rather light colored, may bruise darker 
brown. Stipe 10-45 X 3-6(-10) mm, long or very short, of- 
ten buried in sand, stout in young specimens, longer and 
thinner in age, equal or tapering towards base, straight or 
flexuous, dingy white, light brown, yellow brown, dark 
brown, darker towards base, white at apex, surface rough 
fibrous (more rarely smoother), smooth above cortina. Cor-
tina tan, fibrous, ephemeral, copious on pileus margin of 
young specimens. Context white, watery tan, firm in stipe. 
Odor typically fungoid, or absent. 

Spores brown in deposit. Basidiospores 12-14 X 4.5-5 (E 
= 2.6-3.0, En, = 2.8), cylindrical, long elliptical, smooth, 
slightly angular, with thick walls. Basidia 23-27 X 8-9 pm, 
clavate, 4sterigmate, infrequently 2-sterigmate. Pleuroqsti-
dia common, 54-68 X 10-19 pm, subfusiform, with fine 
crystals or none at apex; walls thickened, 1-2(-3) pm, col- 



FIGS. 25-28. Inoqbe lacera. 25. Basidiocarps. 26. Basidiospores. 27. Pleurocystidia. 28. Basidia. Left bar = 1 cm for Fig. 
25, and right bar = 10 pm for FKS. 26-28. 

orless. Cheiloqystidia similar to pleurocystidia or broader, 
some subcapitate; paracystidia 25-30 X 10-15 pm. thin 
walled, typically clavate, but variable. Pikpellis a trichod- 
erm, of hyphae 10-12 pm wide, encrusted, pigmented, not 
swollen or slightly swollen. Clamp connections present in all 
tissues. 

Habitat and distribution. Typically fruiting in spring at the 
edge of aspen clones in sandy soil in Montana. Also widely 
distributed in eastern and western North America with co- 
nifers and hardwoods, common in sandy soil, and on mine 
spoils. Widespread in Europe. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 21 June 1990, CLC 076; 7 June 1991, CLC 158; 7 
June 1991, CLC 162; 21 June 1991, CLC 173; 20 June 1992, 
CLC 367; 3 July 1992, CLC 450; 3 July 1992, CLC 448; 23 
July 1992, CLC 496; 4 June 1993, CLC 574; 4 June 1993, 
CLC 575; 25 June 1993, CLC 620; 15 hug 1993, CLC 712; 
5 June 1994 (VPI 3045); 5 June 1994, CLC 745. Deerlodge 
Co, Anaconda: 11 June 1996, CLC 992. IDAHO. Fremont 
Co, CLC 325 (WI 3025). 

Observations. Collection CLC 325 from the Targee forest 
(under mixed aspen, willow, & conifers) possesses spores 
ranging from 6.5 to 17 pm long, and variable in shape. 
Basidia were I-, 2-, and 4sterigmate. This collection fits Fa-
me's (1955) description of I. lacera (Fr.) forme foncee het-
erosporique, also reported as I. lacera (Fr.) var. heterosperma 
(Grund & Stuntz, 1977) from Nova Scotia. This is the first 
report of variety heterosperma from western North America. 

Inocybe lonpspora M. Lange 29-32' 64 

Pileus 18-60 mm diam (very round observed from 
above), up to 8 mm high at apex, at first conical convex 
with low umbo or rounded apex and inturned margin, be- 
coming broadly conical-convex, with prominent rounded 
umbo, or sharper apex, with down turned margin, occa- 

sionally applanate in age, bright orange brown with prom- 
inent white velipellis when fresh, older specimens dingy 
brownish orange and typically with velipellis in concentric 
patches at margin; soil adheres to fresh specimens with ve- 
lipellis; center smooth or covered with velipellis, outwards 
indistinctly radially fibrous, fibers not diverging; margin en- 
tire, may be white with velipellis. Lamellae deeply sinuate, 
attachment narrow then broadly rounded, almost free, 
broad (3-9 mm), white at first, then gray, finally gray-brown 
(or with yellow cast); lamellae edges white. Stipe 20-60 X 

4-9 mm, stout, firm, equal, or with slightly swollen base, 
rarely somewhat submarginate, white at first, then pale 
ocher or watery orange, white at base, surface smooth, ap- 
pearing pruinose in top half, but not truly pruinose, fi-
brous-striate, covered with fine longitudinal white hairs. 
Cortina not noted. Context white, or watery orange, slowly 
reddening (or pink) at stipe apex in a few specimens, firm. 
Odor faintly to strongly spermatic. 

Spore deposit brown. Basidiospores 11-14(-15.5) X 4.5-
3.5 pm, (E = 2.0-3.2, E,, = 2.6), smooth, long narrow el- 
liptical or slightly irregular, with small apiculus, without 
conical apex (rarely with conical apex), typically I-guttulate, 
with thickened walls. Basidia 25-35 X 8-10 pm, clavate, 
4sterigmate. Pleurocystidia frequent, not abundant, 63-76 
X 18-27 pm, fusiform (no distinct neck), more rarely su-
bfusiform or broadly clavate, with narrow base, crystals at 
apex; walls thick, 2-3(-4) km, colorless. Chriloqstidia sim-
ilar to pleurocystidia, or slimmer with thinner walls and nar- 
rower neck. Cauloqstidia rare, fusiform with narrow base, 
walls <1 km thick, without crystals. Pzleipellis hyphae par- 
allel, 7-12(-17) pm wide, encrusted, inflated. with thick 
walls. Clamp connections present in all tissues. 

Habitat and distribution. Under l? tremt~loidesin dry, 
sandy soil in late spring and early summer in Montana. Also 
reported with Salix in Greenland. 

i k ter ia l  examined. U.S.X. MONTANA. Silverbow Co, 



FIGS.29-32. Inocybe longzspora. 29. Basidiocarps. 30. Basidiospores. 31. Pleurocystidia. 32. Basidia. Left bar = 1 cm for 
Fig. 29 and right bar = 10 pm for FIGS.30-32. 

Butte: 5 June 1994, CLC 743 (WI 3048); 25 June 1993, CLC 
621; 20 June 1992, CLC 377; 23 July 1995, CLC 882. 

Observations. I. longispora is similar to I. puinosa which 
has wider spores (5-6.5 ym),  abundant clusters of caulo- 
cystidia (rare in Montana specimens), and the stipe does 
not redden. I. longispora is discussed by Kuyper (1986) un- 
der notes on I. pruinosa. Lange first (1957) described I. 
longzspora with willow in sandy soil in Greenland. Montana 
specimens are larger, and have a spermatic odor, but are 
otherwise similar. To the author's knowledge, this is the first 
report of this species in North America, and the first report 
with aspen. 

Inocybe mixtilis (Britz.) Sacc. FIGS.33-36, 65 

Pileus 15-40 mm diam, conical-convex, conical-campan- 
ulate, or almost applanate, with rounded, papillate, or in- 
distinct umbo, light brownish orange (5C6), honey, ocher, 
darker brown when young, with entirely smooth cuticle, or 
smooth in center and outwards indistinctly radially fibrous 
(fibrils not diverging), greasy or subviscid, more rarely dry 
and shiny; margin not rimose; velipellis in center, or at mar- 
gin of young specimens, typically not distinct, dingy white. 
Lamellae narrowly attached, sinuate, almost free, broad (-6 
mm), at first cream or light gray, then grayish brown or 
brown; lamellae edges concolorous. Stipe 40-60 X 4-7 mm, 
equal down to distinct cuplike marginate base (-10 mm), 
straight or curved, strikingly white, or with yellow-ocher 
hues, surface smooth and finely pruinose for entire length. 

Cortina not observed. Context white. Odor none or faintly 
spermatic. 

Spore deposit brown. Basidiospores 7.5-9.5 X 5.5-6.5 pm 
(E = 1.3-1.8, E,,, = 1.5), nodulose, with about 8 protruding 
knobs, and apiculus. Basidia 20-28 X 7-9 pm, clavate, 
4sterigmate. Pleurocystidia common, 40-58 X 14-19 pm, 
fusiform to subfusiform, crystals at apex; walls pale yellow, 
3-4 pm thick. Cheilocystidia similar to pleurocystidia; para- 
cystidia 13 X 9 pm, thin-walled, clavate. Caulocystidia simi-
lar to pleurocystidia, with thinner walls present on entire 
stipe, accompanied by paracystidia. Pikipellis a parallello- 
cutis or mixocutis, with or without a thin layer of aggluti- 
nated hyphae at surface, hyphae below 6-7 ym wide, en- 
crusted, pigmented. Clamp connections present in most tis- 
sues, not noted for lamellar trama. 

Habztat and distribution. Under P tremuloides in Mon- 
tana. Widespread and common in Europe and North Amer- 
ica with both hardwoods and conifers. One of the com- 
monest species of Inocybe on the West coast of North Amer- 
ica according to Grund and Stuntz (1980). 

Material examined. U.S.A. MONTANA. silver bow^ Co, 
Butte: 3 July 1992, CLC 449; 11 July 1995, CLC 629 (VPI 
3039); 11 July 1993, CLC 630; 11 July 1993, CLC 631; 30 
July 1993, CLC 684. Park County, Cinnabar Basin: 28 July 
1993, CLC 668; 17 June 1992, CLC 413; 17 Aug 1993, CLC 
724. 

Observations. Inocybe mixtilis is similar to I. praetervisa, 
which has a larger fruiting body, and larger spores, 9-12.5 
X (6.5)7-8(-9) pm. Stuntz and Grund (1980) state that 



FIGS. 33-36. Inoqbe mixtilis. 33. Basidiocarps. 34. Basidiospores. 35. Pleurocystidia. 36. Basidia. Left bar = 1 cm for Fig. 
33 and right bar = 10 pm for FIGS. 34-36. 

their specimens of I. mixtilis (Britz.) Sacc. also represent I. 
trechispora sensu Kauffmann, and that both concepts are the 
same taxa. 

Inoqybe nitidiuscula (Britz.) Sacc. FIGS.37-40, 66 

Pileus 1040  mm d i m ,  conicalconvex when young with in- 
flexed margin, then expanded conical-convex, margin in- 
flexed or straight, umbonate or not, occasionally applanate, 
medium brown (6E5), dark brown, gray brown, with or with- 
out coppery tints (8E8), infrequently with whitish "bloom" 
from velipellis covering entire cap, shiny (or dull), becoming 
shiny on drying, at very center smooth or minutely woolly, 
outwards distinctly radially fibrous, of uniformly aligned brown 
fibrils which darken to almost black, and do not diverge, or 
diverge infrequently at the margin revealing white context, 
making margin appear lighter. Lamellae attachment narrow or 
broad, sinuate or adnate, depressed at stipe apex, occasionally 
broad (-7 mm), white or cream at first, then brown, milk 
coffee, yellow brown; lamellae edges white, tan, or concolor- 
ous. Stipe 25-60(-80) X 3-7 mm, long, gradually enlarged 
towards base, "clukshaped", straight or somewhat flexuous, 
white, typically watery orange in upper half, heavily floccose- 
pruinose in upper third, covered with longitudinal white hairs 
on lower stipe (watery orange if hairs are removed on han- 
dling). Cortina white, ephemeral, noted only in young speci- 
mens. Contextwhite, watery orange in top half or whole length 
of stipe. Odor spermatic. 

Spore deposit brown. Bmidiospores 10-12(-13.5) X 5.5-
6.5(-7.5) pm, (E = 1.7-2.0, E,,, = 1.8), smooth, thick-walled, 
subamygdaliform, with or without conical apex which is oc- 
casionally large, and small apiculus. Busidia 22-44 X 9-12 km, 
clavate, 4sterigmate. Pleuroqstidia frequent, 50-63 X 13-22 
pm, variable, subfusiform, narrowly subfusiform, broadly fusi- 

form, crystals at apex (or broadly fusiform without crystals); 
walls 2-4 pm thick, colorless, pale green. Chloqstidia similar 
to pleurocystidia; paracystidia 6-8 X 1618  Fm, clavate, thin- 
walled. Cauloqstidia rare, similar to pleurocystidia, or long 
and narrow (up to 60 pm), crystals at apex; paracystidia and 
caulocystidioid hairs also present. Pilap~llishyphae parallel, 
f3-9 pm wide, encrusted, pigmented. Clamp connections pres-
ent in all tissues. 

Habitat and distribution. With P tremuloides in Montana. 
Reported with other trees from North America as I. freisii 
R. Heim. (see observations). Widespread in Europe, partic- 
ularly with conifers, more rarely with hardwoods. 

Material examined. U.S.A. MONTANA. Silverbow Co, 
Butte: 25 June 1993, CLC 613; 25 June 1993, CLC 614; 30 
July 1993, CLC 683. Park County, Cinnabar Basin; 28 July 
1993, CLC 666; 16 ,June 1993, CLC 609 (VPI 3038). 

Observations. ~u)rper (1986) and Stangl (1989) consider In-
ocybepeisii R. Heim a synonym of I. nitidiusnrla. It has been 
reported under this name from Nova Scotia (Grund and 
Stuntz, 1968), Washington with conifers and Fagus (Stuna. 
unpublished), and from the alps with Salix and Dryas (Fawe, 
1955). 

Kuyper suggests there are both  yellow-brown a n d  
chestnut-brown variants, a n d  Montana specimens 
best fit the  latter form. 

Inoqbe  phaeocomis (Pers.) Kuyp. var. major S. Petersen 
sensu Kuyper (1986)  a n d  Stangl  (1989)  

FIGS.41-44, 67 

Pileus 15-45 mm diam, small compared to stipe length, 
conic-convex when young with inrolled margin, then hemi- 
spherical or convex, applanate, or slightly concave, not um- 



FIGS. 37-40. Inocybe nitidiuscula. 37. Basidiocarps. Fig. 38. Basidiospores. 39. Pleurocystidia. 40. Basidia. Left bar = 1 cm 
for Fig. 37 and right bar = 10 pm for FIGS. 38-40. 

bonate, light brown (6D6), yellow-brown, medium brown, 
appressed squamulose in center, with dark umber or con- 
colorous squamules, recurved in age, radially fibrous to- 
wards margin (or squamulose), fibrils not diverging (except 
at margin in age); margin occasionally rimulose. Lamellae 
broadly attached, adnexed, more rarely sinuate or subde- 
current, somewhat broad in mature specimens, well-spaced, 
a combination of white-gray-lilac hues when young, later 
yellow-brown or brown; lamellae margin indistinctly fimbri- 
ate, concolorous; velipellis present or not. Stipe35-75 X 3-7 
mm, long compared to cap width, stout, equal, straight or 
slightly flexuous, firm-fleshed, fibrous, lilac at apex or entire 
length, more rarely without lilac tones (check young spec- 
imens in the field), otherwise whitish-gray, with distinct 
dark brown fibrils over entire length, but particularly to- 
wards base, fibrils nearly reticulate in some specimens. Cor-
tina on young specimens, ephemeral, buff. Context white, 
lilac in stipe apex. Odor spermatic. 

Spore deposit brown. Basidiospores (8.5-) 9-1 1 X 5.5-6.5 
p,m (E = 1.6-1.8, E,, = 1.7), smooth, subamygdaliform, 
with small apiculus, obtuse apex, less frequently with conical 
apex, somewhat lemon-shaped, thick-walled. Basidia 22-36 
X 9-1 1 pm, clavate, Csterigmate. Phroqst idia numerous, 
60-100 X 14-23 pm, long and narrowly fusiform, pedicel 
long, crystals at apex, walls 1-3 pm thick, pale or bright 
yellow. Cheiloqstidia similar to pleurocystidia but shorter 
(-60 pm); paracystidia 13-36 X 9-18 pm, pyriform or cla- 
vate, walls brown encrusted. Caulocystidia absent, or ex-
tremely rare, similar to pleurocystidia. Pilapellis hyphae par- 
allel, 7-20(-30) pm wide, encrusted, inflated. Clamp con- 
nections present in all tissues. 

Hahtat and distribution. With P trmuloides in Montana. 

Also reported from western North America with conifers. 
Widespread in Europe with Pcpulus, Tilia, Picea, Pspudotsu- 

ga. 
Matm'al examined. U.S.A. MONTANA. Silverbow Co, 

Butte: 11 July 1993, CLC 633; 11 July 1993, CLC 634 (WI 
3040). 

Observations. Kuyper (1989) replaced I. phaeocomis 
(Pers.) Kuyp. with the sanctioned name I. cincinnata (Fr.: 
Fr.) Qui.1. and new combination I. cincinnata v. major (S. 
Petersen) Kuyp. This robust variety was also known as I. 
obscura ( ~ e r s . )Gill. To prevent confusion at this point, we 
use the name I. phaeocomis var. major and refer td detailed 
descriptions in Kuyper (1986) and Stangl (1989). The ro- 
bust stature, lilac stipe apex, brown fibrils on the stipe, 
brown encrusted paracystidia, and long thin cystidia are di- 
agnostic for this taxon. The slimmer version, variety phaeo-
comis, fits dimensions for I. cincinnata (Fr.:Fr.) Qui.1. 

Inoqbe phaeocomis var. major has been reported 
with Populus and other trees in Europe, particularly 
in earlier stages of succession (Kuyper 1986), and this 
is true of the Montana location as well. Nishida 
(1989) reports this species with conifers in California. 

Inocybe sindonia (Fr.) P. Karst. FIGS. 45-48, 68. 

Pileus 15-45 mm diam, hemispheric or convex when 
young, at maturity shallowly conical convex, applanate, or 
with uplifted margin, young specimens not umbonate, ma- 
ture specimens occasionally with small umbo, white, cream, 
beige (4B3), light brown, greasy or dry, smooth or indis- 



FIGS.41-44. Inocybe phaeocomis var. major 41. Basidiocarps. 42. Basidiospores. 43. Pleurocystidia. 44. Basidia. Left bar = 
1 cm for Fig. 41 and right bar = 10 pm for FIM. 42-44. 

tinctly radially fibrous, fibrils not diverging, but breaking 
up towards margin in age, with indistinct velipellis; margin 
entire, rarely rimulose. Lamellae sinuate, extending as ridg- 
es down stipe, broad, white, cream, light brown (5C6), or 
with yellow-gray-tan hues, remaining light-colored. Stipe 
10-40(-50) X 2-5 mm, stout, equal, or gradually enlarged 
towards base, rarely flared at apex, white, cream, typically 
watery orange or pink at apex, indistinctly pruinose for 1/6 
to 1/3 of length, distinctly striate, particularly at apex, re- 
mainder covered with white longitudinal hairs, firm-fleshed. 
Cortina white. Context white, incarnate in stipe apex, occa- 
sionally with yellow hues. Odor of a wet dog, or unpleasant. 

Spore deposit brown. Basidiospores 8.5-10 X 4.5-5.5 pm 
(E = 1.6-2.0, E ,  = 1.9), smooth, subamygdaliform with sub- 
conical to obtuse apex, less frequently regular, a few dis- 
tinctly larger (12 X 5.5 pm). Basidia 27-32 X 7-9 pm, cla- 
vate, mostly 4sterigmate, less frequently 2-sterigmate. P h -
rocystidia numerous, 63-90 X 12-18 pm, narrowly subfusi- 
form with a pedicel, crystals at apex; walls 2-4(-5) pm 
thick, pale to bright yellow; paracystidia 18 X 11 pm, cla- 
vate, thin-walled. Cheiloqstidia similar to pleurocystidia. 
Caulocystidia similar to pleurocystidia, in clusters with par- 
acystidia. Pilapellis parallel, hyphae 9-12(-20) pm, inflated, 
with yellow-brown contents, smooth walls. Clamp connections 
present in all tissues. 

Habitat and distribution. With mixed aspen, willow, and 
alder in a riparian area of southwestern Montana. Wide- 

spread in Europe and North America with both hardwoods 
and conifers. 

Matmal examined. U.S.A. MONTANA. Silverbow Co,  
Butte: 20 July 1994, CLC 783 (VPI 3050); 20 July 1994, CLC 
784. 

Observations. The odor of I. szndonia is unusual, and has 
previously been described as a laundry room, or unpleas- 
ant. The pileus surface of the Montana specimens was not 
subsquamulose, as is sometimes reported for this species. 
The spore size of Montana specimens is similar to that re- 
ported by Moser (1978), and somewhat larger than report- 
ed by Kuyper (1986), but ranges overlap. Kauffman (1924) 
reported this species from the eastern United States, Col- 
orado, Washington, and Oregon. 

Inoqbe squamata J. Lange FIGS.49-52, 69 

P i h s  up to 70 mm diam, conical-convex with inturned 
margin when young, becoming broadly conical-convex, or 
campanulate with upturned margin, umbonate, umbo in- 
distinct, or lacking; with unevenly distributed ocher-orange- 
red colors, more yellow towards margin, squamose in cen- 
ter. with bundles of orange brown (5D8) fibrils on a lighter, 
more yellow background, becoming excoriate, more rarely 
without squamules; velipellis noted in young specimens, typ-
ically over umbo, towards margin radially striate, fibrils not 
diverging; margin turned in or rolled under in youth, un- 



FIGS.45-48. Inoqbe sindonia. 45. Basidiocarps. FIG. 46. Basidiospores. 47. Pleurocystidia. 48. Basidia. Left bar = 1 cm 
for Fig. 45 and right bar = 10 pm for FIGS.46-48. 

dulating in age, rimose or not. Lamellae narrowly attached, 
almost free, or subdecurrent, up to 5 mm broad, broadest 
in middle part, thick, pale yellow when young, then darker 
yellow, staining yellow-brown; lamellae margins concolor- 
ous, or lighter than gills, darkening in age. Stipe 40-90 X 

5-15 mm, large, stout, tapering towards base, or equal, 
white or stained watery ocher-brown, fibrous-striate for 
whole length, not marginate. Cortina not noted. Context 
white, or with light brown stains, tough in stipe. Odor ab- 
sent, or faintly spermatic. 

Spore deposit brown. Basidiospores 9-1 1.5 (-1 3) X (5-) 
5.5-6.5 pm (E = 1.8-2.2, E,, = 2.0), brown, smooth, sub- 
phaseoliform, a few regularly elliptical, thick-walled. Basidia 
25-36 X 9.5-11 pm, clavate, 4sterigmate, rarely 2-sterig- 
mate. Pleuroqstidia none. Cheiloqstidia 40-55 X 11-18(-
29) pm, thin-walled, clavate, narrowly clavate. Pilapellis a 
trichoderm, of hyphae 5-6 pm wide, not swollen or only 
slightly so; hyphal walls with fine, indistinct incrustations; 
oleiferous h p h a e  common at times. Caulocystidia thin- 
walled, narrowly clavate, rare. Clamp connections present in 
all tissues. 

Hahtat  and distribution. With I? tremuloides in Montana. 
Reported to be very common with I? tremula in Europe. 

Material examined. U.S.A. MONTANA. Glacier Co, St. 
Mary Lake: 4 July 1995. CLC 845; Deerlodge Co, Anaconda: 
27 June 1996, CLC 1018. 

Observations. Inoqbe squamata is a large, striking Inocybe 
with squamose cap and mottled colors, making it quite dis- 
tinct from other species. 

Inocybe whitei ( B .  & Br.)Sacc. f .  whitei 
FIGS.53-56, 70 

Pileus 10-30 mm diam, conical with inflexed margin cov- 
ered by cortina when young, then conical-convex often with 
uplifted margin, umbonate, surface greasy or dry, entirely 
smooth, or with smooth umbo and outwards radially fi- 
brous, fibrils not diverging, white, staining a salmon color 
(7B6), umbo often yellow-brown; margin entire or slightly 
rimulose in age, rarely rimose. Lamellaeattachment narrow, 
sinuate, almost free, depressed at stipe apex, well-spaced, 
somewhat broad (-6mm), white, or cream when young, 
then light brown, yellow-brown, gray brown, staining a salm- 
on color: lamellae edges white. Stipe 25-60 X 2-5 mm, long 
and slender, equal or slightly swollen at base, straight or 
undulating, white, staining a salmon color, pruinose-floc- 
cose at apex, longitudinal fibrils downwards. Cortina white, 
copious in young specimens, soon gone. Contextwhite, with 
salmon or ocher stains. Odor spermatic. 

Spore print brown. Basidiospores (8.5-)9-10 X 5-5.5 pm 
(E = 1.7-2.0, En, = 1.9), smooth, elliptical, with small apic- 
ulus, thickened walls. Basidia 23-27 X 7-9 pm, clavate, 
4sterigmate. Pleurocystidia common to sparse, 50-58 X 

15-18 pm, subfusiform, fusiform, sparse crystals at apex; walls 
1-2(-3) pm thick, bright or pale yellow. Cheiloqstidia nu- 
merous, similar to pleurocystidia, frequently with bright yel- 
low contents, walls bright yellow; paracystidia rather round, 
13 X 8 km, thin-walled. Cauloqystidia similar to pleurocys- 
tidia, rare. Pileipellis a parallelicutis, of inflated hyphae 6-



FIGS. 49-52. Inoqbe sqzcamata. 49. Basidiocarps. 50. Basidiospores. 51. Cheilocystidia. 52. Basidia. Left bar = 1 cm for 
Fig. 49 and right bar = 10 1J.m for FIGS. 50-52. 

8(-14) pm wide, not pigmented, smooth or with slightly Material examined. U.S.X. MONTANA. Silverbow Co, 
roughened walls. Clamp connections present in all tissues. Butte: 20 June 1992, CLC 366. Park County, Cinnabar Basin: 

Habitat and distribution. With pure aspen or in mixed 28 July 1993, CLC 669; 17 June 1992, CLC 347 (WI 3026); 
woods of aspen, willow, and alder. Common in western 28 June 1992, CLC 406. IDAHO. Teton Count): Felt: 26 July 
North America, rare east of the Rocky Mountains. Reported 1992, CLC 527; 24 Aug 1991, CLC 301. 
from central Europe with conifers and Fagz~s. Observations. Inoqbe whitei f. whitei is considered to be a 

FIGS. 53-56. Inoqbe whitei. 53. Basidiocarps. 54. Basidiospores. 55. Pleurocystidia. 56. Basidia. Left bar = 1 cm for Fig. 
53 and right bar = 10 pm for FIGS. 54-56. 
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FIGS. 57-64. Inocybe species associated with Populus tremuloidRc in Montana. 57. Inocybe dukamara. 58. Znocybejlavelluvar. 
jlavellu. 59. Inocybe flocculosa var. jlocnclosa. 60. Inocybe geophyUa MI: geophylla. 61. Inocybe giacomi. 62. Inocybe griseolilacinu. 
63. Inocybe lacera. 64. Inocybe longispora. Basidiocarps approximately 3/4 actual size. 



FIGS. 65-70. 65. Inocybe mixtzlis. 66. Inocybe nitidiuscula. 67. Inocybe phaeocomis var. majox 68. Inocybe sindonia. 69. Inocybe 
squamata. 70. Inocybe whitei var. whitei. Basidiocarps approximately 3 / 4  actual size. 

synonym of I. pldica Kiihner by Kuyper (1986) and Stangl 
(1989). Grund and Stuntz (1981) report I. pldica KGhner 
from Nova Scotia and state it is one of the commonest spe- 
cies of Inoqbe along the west coast of North America. It is 
primarily reported with conifers, and this is the first report 
with aspen. 

DISCUSSION 

Fourteen species of the mycorrhizal genus Inocybe 
were recorded with I? tremuloides in Montana. All ex- 
cept I. griseolilan'na occur with aspen in the smelt- 
er-impacted Butte-Anaconda area. The stressed con- 
ditions on this site could well be the strongest deter- 
minant for the large number of Inocybe species asso- 
ciated with aspen in this study. However, five of these 

species also fruited in more productive aspen stands 
on the Cinnabar site, and six were associated with 
aspen in other areas of Montana and Idaho. This lim- 
ited subset of Inocybe species could be due to host, 
the particular ecological conditions in the aspen 
stands studied, or climatic and geographic consider- 
ations. 

Four of the Montana species have been reported 
with PoPulus (as well as other trees) in Europe, in- 
cluding I. jlavella, I. jlocculosa, I. phaeocomis var. ma- 
j07; and I. squamata (Kuyper 1986). In support of 
distinct Inocybe mycofloras, Nishida (1989) found lit- 
tle overlap in species from northern and southern 
California associated with different forests types, . - 

mixed conifers versus live oak. A survey of Inocybe 
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species associated with conifers in Montana would de- 
termine if floristic differences existed among forest 
types in the same geographic region. The number of 
Inocybe species in the region may be limited altogeth- 
e r. 

Aspen are pioneering plants and one of the first 
trees to come in after fire, mining activity, and other 
disturbances. Inocybe species are likewise commonly 
reported in disturbed conditions, and this in itself 
could explain the common co-occurrance of these 
organisms in early successional habitats. In addition, 
Kuyper (1986) considers some species of Inocybe to 
be xerophytic. 

Inocybes are also a prominent part of the mycof- 
lora of Salix (willow), another pioneering member of 
the Salicaceae. Watling (1992) listed 17 species with 
willow in Britain, Delzenne-VanHaluwyn (1971) 23 
with willow in Europe, and Graf (1994) 15with dwarf 
willow in the Swiss Alps. Graf lists 66 species with 
dwarf willow reported by other researchers. 

Inocybe species are common with willow in arctic 
and alpine habitats. All 14 species reported here with 
aspen in Montana have been recorded in one or sev- 
eral papers on arctic alpine fungi, primarily with wil- 
low (Delzenne-VanHaluwyn, 1971; Favre, 1955, 1960; 
Graf, 1994; Horak, 1987; Lange, 1957; Miller, 1987; 
Watling, 1987). 

This is the first time each of the 14 species of In-
ocybe has been linked to aspen in North America, ex- 
cept for a preliminary report (Cripps and Miller, 
1993). This is the first report of all 14 species of In-
ocybe from Montana, however, all have previously 
been reported from North America and the western 
U.S. if Alaska is included, except I.$anella, I. longs-
pora, and I. squamata for which this is the first report 
from North America. 

It remains to be discovered whether a certain sub- 
set of Inocybe species exist with aspen across its wide 
range, or if Inocybes are "weedy" opportunists lim- 
ited only by soil and environmental constraints, but . . 

not by host. It has been suggested that this genus, 
more than any other mycorrhizal genus, is tied to the 
soil rather than to specific hosts (Kuyper, 1986). 
None of the Inocybe species reported here are appar- 
ently restricted to aspen. However, a few species ap- 
pear to occur with Populus in both Europe and North 
America. This may be expected, considering aspen's 
circumboreal distribution and northerly evolution. 
Careful identification and complete ecological notes 
for collections of Inocybe are needed to further elu- 
cidate patterns which may exist towards host, soil, cli- 
mate, or geographic distribution for species within 
this genus. 
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Jr. (Virginia Polytechnic Inst.) for review of the manuscript 
in dissertation form, Dr. Roland Treu (IMI) for many h e l p  
ful discussions on the taxonomy and ecology of Inocybe, Dr. 
Thomas W. Kuyper (Landbouwuniversiteit Wageningen) 
for help with identifications, and for providing additional 
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Meinhard Moser (Universitat Innsbruck) for use of labo- 
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