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SUMMARY

The following hypogeous ascomycetes are
reported as new records for Arizona, USA:
Balsamia magnata, Elaphomyces verrucosus, E.
granulatus, Geopora cooperi f. cooperi, G.
cooperi f. gilkeyae, Tuber dryophilum, and T.
levissimum. All species are putative mycorrhizal
symbionts with Pinus ponderosa Laws. They were
ma jor food items in the diet of the tassel-eared
squirrel, Sciurus aberti.

A nearly pure stand of Pinus ponderosa Laws. covers
7.5 million acres in northern Arizona and western New
Mexico. The tassel-eared squirrel, Sciurus aberti
Woodhouse, and 1its various subspecies (Hofmeister and
Diersing, 1978), are closely associated with this
conifer., Citing a close dependence on ponderosa pine for
food and shelter, Keith (1965) and Hall (1981) point out a
restricted distribution of tassel-eared squirrels to the
southwestern United States and northern Mexico, with
particular abundance in Arizona and New Mexico.

Stephenson (1975) in a study of the food habits of
tassel-eared squirrels in northern Arizona, noted that
fungi are a major component in their diet throughout most
of the year, but he did not attempt to identify the
species involved. Upon examination of the spores in the
stomach contents provided by Stephenson, I determined that
the majority of the fungi consumed were hypogeous species,
both ascomycetes (truffles) and basidiomycetes (false
truffles). The ascomycete spores were particularly
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interesting since they represented the genera Geopora,
Elaphomyces, and Tuber, all previously unreported from
Arizona. Although the squirrels proved to be much more
efficient truffle collectors, I have discovered, through
my own forays over the past three years, the fruitbodies
of the major ascomycete species whose spores are most
frequently represented in the squirrel diet.

The hypogeous fungi are 1little known in the
southwestern United States and only occasional collections
have been reported, especially in Smith et al. (1981).
Fogel and Trappe (1976) have reported the occurrence of
hypogeous ascomycetes in the Rocky Mountain region. Some
of these are quite similar to those reported here.
Nonetheless, I am able to add three additional species in
two genera as well as additional host tree associations as
presumptive ectomycorrhizae. All species described are
new records for Arizona. Collections are deposited in the
Deaver Herbarium, Northern Arizona University, and in the
herbarium of Oregon State University (0SC).

1. BALSAMIA MAGNATA Harkn. Sensu Trappe, Mycotaxon 2:119.
1975.

A single collection of three ascocarps match in most
respects the description by Gilkey (1916) as Pseudobal-
samia magnata (Hark.) Gilkey. The very distinctive
brownish pink to reddish brown ascocarps measuring 0.5-1.5
cm in diameter made them difficult to detect among the
reddish jasper and chert debris of the mineral soil. The
verrucae and the occasional small surface depressions of
the peridium strongly resembled the surface texture of a
russett potato.

ASCOCARPS hypogeous in shallow mineral soil or only
slightly imbedded beneath a thin needle layer of Pinus
ponderosa. Basal tuft and surface opening canals (venae
externae) were not clearly evident.

COLLECTION EXAMINED: Coconino County--Jacob Lake,
June, elev. 2250 m., States AHF71.

2.  ELAPHOMYCES VERRUCOSUS Dodge, Ann. Mycol. 27:171-
172. 1929.

Species of Elaphomyces are difficult to identify.
Spore ornamentation as a prime character has been shown to
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be variable according to conditions of desiccation and
developmental stage (Hawker, 1968). The separation of E.
verrucosus from related species is based primarily on
coloration of a marbled peridium when cut in cross

section. I have found peridial marbling and the
development of surface warts to be inconsistent when
comparing different collections. Trappe considers E.

verrucosus as a synonym of E. decipiens (pers. comm.).
Until better resolution of this problem is achieved I am
satisfied with the present disposition of the
collections. The description also fits my collections
made in ponderosa pine forests in the Wyoming Black Hills,
States WHF14 and WHF32.

ASCOCARPS sphaerical to ovoid, variously depressed
when formed near rocky debris; the surface covered by a
dense, earthy crust easily separable and composed of Pinus
ponderosa mycorrhizae and brownish yellow mycelium;
peridium yellow or ochraceous, drying yellow brown,
verrucose with pointed to rounded yellow warts 90-200 um
high and 100-175 um wide, hyphal layers strongly to
inconspicuously marbled in cross section, when dry 2.0-3.0
Um thick, vinaceous brown with dull rose or rose gray
veins interspersed, the layer above the gleba light rose
tan; gleba powdery, dark brown to fuliginous; spores
globose, 22-28 (31) im in diameter, ornamentation evenly
distributed and densely echinulate, friable after
desiccation and easily splitting away from the spore
surface when pressed; odor slight or not detectable.

COLLECTIONS EXAMINED: Coconino County--Jacob Lake,
June through August, elev. 2250 m., States AHF88, AHF89,
AHF117, AHF146, AHF209; Paradise Rd. Flagstaff, States
AHF149; Woody Mountain, States AHF103.

3. ELAPHOMYCES GRANULATUS Fr., Syst. Myc. 3:58. 1829.

Fogel and Trappe (1976) described E. granulatus
collected in Colorado among ectomycorrhizae of Pinus
contorta. The characteristics of our specimen generally
follow theirs but some of the special features are listed
below.

ASCOCARPS beneath Pinus ponderosa litter, deep in
mineral soil, associated with a removable soil crust
containing pine ectomycorrhizae; peridium smooth, pallid
to tawny yellow with faint rusty brown on drying with
warts closely appressed as superficial black spots, 3-4 mm
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thick when fresh and 2-3 mm when dry, tough but
cartilaginous and flexible, somewhat viscid when wet, the
outer layer in cross section grayish yellow with alternate
zones or lenses of brown hyphae in different shades below,
the light gray to tan layers above the gleba turn black
when cut or bruised; gleba gray brown to dark brown or
black at maturity, separating from peridial hyphae as a
central powdery mass of spores and hyphae; spores held in
globose clusters of eight by an evanescent ascus, globose,
12-22 ym in diameter including ornamentation, the smaller
spores dark brown, the larger spores brownish gray to
gray, ornamented with crowded spines joined to form small
groups of parallel ridges traversing the spores in an
undulating pattern, the fragile epispore splitting to
reveal a large sphaerical oil droplet imbedded in a
gelatinous matrix.

COLLECTIONS EXAMINED: Coconino County--Jacob Lake,
June, elev. 2250 m., Lanphear AHF82; Woody Mountain,
August, elev. 2190 m., STATES AHF250.

4, GEOPORA COOPERI Harkn. f. COOPERI, Bull. Calif. Acad.
Sci. 1:168. 1885.

This species is likely to be widely distributed in
Arizona coniferous forests as indicated by its frequent
occurrence 1in fecal wastes of tassel-eared squirrels.
Fogel and Trappe (1976) recorded it from Colorado and I
have found it in the Medicine Bow Mountains of Wyoming,
States WHF31.

ASCOCARPS hypogeous among ectomycorrhizae of Pinus
ponderosa, Picea angelmanii, and mixed stands of pine and
Quercus gambelli. Mostly in exposed sites in rocky
mineral soil, May to November, elev. 2100-3300 m.

COLLECTIONS EXAMINED: Coconino County--White Horse
Hills, States AHF4; San Francisco Peaks, Snow Bowl ski
area, States AHF131; Casner Park, States  AHF174;
Transition Zone Horticultural Institute near Flagstaff,
States AHF175; Hoffderker Hills, States AHF105.

5. GEOPORA COOPERI Harkn. f.GILKEYAE Burdsall, Mycologia
60:518-519. 1968.

ASCOCARPS were found to be gregarious in deep mineral
soil beneath Pinus ponderosa and Pseudotsuga menziesii
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litter and surrounded by ectomycorrhizae. The collections
fit Burdsall’s description who reported it from Colorado
and Idaho. I have made collections of both forms of
Geopora in adjacent locations. Spore size is a constant
difference and only in f. GILKEYAE was the sporocarp odor
pronounced, much like fermented cider. In addition, f.
GILKEYAE possessed a cream to yellowish tan hymenium
whereas the hymenium of f. COOPERI was more typically
white to light cream in mature specimens.

COLLECTIONS EXAMINED: Coconino County--Woody
Mountain, October to November, elev. 2280 m., Lanphear
AHF175; Paradise Rd., Flagstaff, States AHF178; Pinal
County--Santa Catalina Mountains, September, elev. 2440
m., States AHF242.

6. TUBER DRYOPHILUM Tul. Fungi Hypog. 147. 1851.

The discovery of Tuber in Arizona is noteworthy
because it represents a significant range extension for T.
dryophilum as well as T. levissimum recorded below. A
comparison of their striking spore ornamentation is
illustrated in Figure 1.

ASCOCARPS hypogeous in mineral soil, 2-6 cm deep with
a moderate covering of leaf litter, primordia were noted
in mid-August and mature fruitbodies were noted in early
December, widely scattered among ectomycorrhizae of Pinus
ponderosa and Quercus gambellii, most abundant on steep
south-facing slopes in dense forest stands, rare
occurrences were noted beneath alligator juniper
(Juniperus depeanna), small, 0.5-1.5 cm in diameter, white
becoming yellow brown, irregularly subglobose, 1lightly
lobed with white furrows beneath the 1lobes; peridium
variable in thickness, 150-300 (400) um thick; asci short
stipitate when immature, subglobose and persistent as the
spores develop, 1-4 rarely 5 spores per ascus; spores
globose-ellipsoid to nearly globose, 20-40 x 22-40 (45)
pm, bearing prominent alveoli, the ornamentations
extending well beyond the spore surface, 3-5 (6) alveoli
spanning the greatest diameter, walls and ornamentations
becoming rich brown in age.

COLLECTIONS EXAMINED: Yavapai County--Five-mile
lake, August, elev. 2150 m., States AHF121; Coconino
County--0ak Creek Canyon, August to October, elev. 2080 m.
States AHF148, AHF167; Paradise Rd., Flagstaff, August to
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December, elev. 2150 m, States AHF162, AHF180.

7. TUBER LEVISSIMUM Gilkey, Univ. Calif. Publ. Bot
6:313. 1916.

ASCOCARPS 0.5-1.5 (2.0) cm in diameter, glabrous,
smooth texture, bruising tan to 1light brown, white
becoming 1light yellow brown at maturity, lined with white
furrows which extend to the interior as venae externae,
contours lobed especially in larger specimens; peridium
thin, brown pigmented, 100-250 um thick, distinctly
pseudoparenchymatous becoming hyphal near the glebal
cavities; gleba in cross section marbled with tan to gray
brown fertile regions contrasting with the white venae;
asci subglobose becoming evanescent at maturity with 1-4
dark brown spores; spores subglobose to broadly ellipsoid,
alveolate with 5-6 (7) alveoli spanning the diameter of
the largest spores, small spores mostly subglobose, 44-53
(62) x 35-45 um, 3-4 alveoli across the diameter, taste
mild and richly mushroom-like.

COLLECTIONS EXAMINED: Coconino County--Paradise Rd.,
Flagstaff, June to December, elev. 2150 m, States AHF170,
AHF181; Casner Park, October, elev. 2200 m., States
AHF228.

Figure 1. Photomicrographs of Tuber ascospores: (A) Tuber
dryophilum and (B) Tuber levissimum, X520.
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