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FROM THE POUCH FUNGUS,

CRYPTOPORUS

VOLVATUS1

T. C. HARRINGTON2
Department of Plant Pathology, Washington State University,
Pullman, Washington 99164
SUMMARY

Airborne basidiospores released from field-produced basidiocarps of
Cryptoporus volvatus were collected by placing a funnel, equipped with a
collection vial, below each of seven developing basidiocarps. Spores collected
in the vials were counted every 7 to 11 da until spore release ceased (average
71 da). Spores released per basidiocarp averaged 2.5 X 109 (4.0 X 108/cm2 of
pore surface), comparable to spore production by other polypores whose
spores are wind disseminated. Spore-release patterns were not affected by
rainfall. The unique subtending volva, long considered an adaptation for insect dispersal, appears to be a xerophytic adaptation which protects the hymenophore from desiccation. The volva allows production of airborne spores
during the periods of low rainfall and relative humidity often associated with
bark-beetle flights in the areas of western North America where this fungus is
most common.

Shear (26) erected the monotypic genus Cryptoporus on the basis
of the unique basidiocarp structure of C. volvatus (Pk.) Shear. As its
name suggests, the pore surface is hidden by a subtending volva (volvoperidium [2]) which encloses the hymenophore during early development (FIG. 1). A small ostiole forms at the base of the volva preceding or occasionally
(FIG. 2) (4).
during basidiospore production
infect
bore
holes of coprimarily
apparently
through
Basidiospores
niferous bark beetles (Coleoptera: Scolytidae), and sapwood decay follows. Basidiocarps emerge from beetle entrance, exit, or ventilation
holes during May through August for 1 to 3 yr following beetle entry
(3, 4, 20, 28). Whether the basidiospores are carried to the sapwood by
insects, by wind, or by both has not been conclusively demonstrated,
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yet most authorities have stated they are insect disseminated (2, 3, 6, 8,
14, 17-19, 22, 25, 27, 29).
Like many other fleshy macrofungi, basidiocarps of C. volvatus
have a rich insect fauna (4, 18). The occurrence of spore masses and
insects together within the volval chamber has prompted many investigators to implicate specific basidiocarp inhabitants as vectors of basidiospores (3, 17, 18, 29). Release of small numbers of the basidiospores to the air through the ostiole has been recognized (8, 19, 22), but
the fungus is considered primarily insect disseminated because of
spore retention by the volva. Evolution of the subtending volva for
xeric wind dissemination rather than for insect dispersal has not heretofore been hypothesized. Aerial spore release from basidiocarps of C.
volvatus was examined to elucidate the role of the subtending volva
and the importance of airborne basidiospores in the biology of this
unique polypore.
MATERIALS AND METHODS

Spore collectors were placed below eight naturally produced basidiocarps at three locations within the drainage of the North Fork of the
Palouse River (Latah County, Idaho) on 21 May, 1979. Two basidiocarps (E and G of TABLE I) were on a grand fir [Abies grandis
(Dougl.) Lindl.] 41 cm diam at breast height (d.b.h.; i.e., at 140 cm) at
880 m elevation. Three others were on two grand fir (33 and 53 cm
d.b.h.) at 1,040 m elevation. Two were on a 36-cm d.b.h. Douglas-fir
[Pseudotsuga menziesii (Mirb.) Franco] and one on a 20-cm d.b.h.
white pine (Pinus monticola Dougl.) at 1,160 m elevation. All basidiocarps were on the lower boles (45 to 195 cm height) of dead standing
trees which had been attacked by subcortical insects 2 or 3 yr previously. The basidiocarps developed from mycelium that emerged
through holes made by bark beetles whose etched gallery patterns
were characteristic of Scolytus ventralis LeConte on grand fir, Dendroctonus pseudotsugae Hopk. on Douglas-fir, or D. ponderosae
Hopk. on white pine (7).
The spore-collection apparatus (FIG.3) includes an 11-cm-diam stainless-steel funnel placed 1 cm below the base of a developing basidiocarp before ostiole formation. Spores collected in an interchangeable
vial attached to the funnel base. A #14-mesh wire screen glued over
the funnel prevented insect entry into the vial. A 30-cm-wide strip of
sheet metal bent at 10-cm intervals and nailed above each basidiocarp
protected the top and front of the apparatus from rain and minimized
contaminating basidiospores, but allowed some natural access by insects and wind.
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FIGS. 1-3. Basidiocarps of Cryptoporus volvatus and spore-collecting apparatus.
1. Two emerging basidiocarps with resinous crust and developing hymenium each
completely enclosed by a volva. 2. Longitudinally sectioned, mature basidiocarp showing pore layer (P), volva (V), and ostiole (0). 3. Shielded, partially consumed basidiocarp (arrowhead) and spore-collecting apparatus.

Spores were washed into the collecting vial from the screen and
funnel surface every 7 to 11 da with 20 ml of an aqueous solution of
0.1%Tween 80 and 0.85% NaCl. Spores were evenly suspended in the
wash solution before two drops were withdrawn for counting. The
concentration of spores was determined on a hemacytometer at 400X.
Fewer than 1.0 X 105 spores in a collection were considered insignificant and recorded as zero.
Daily precipitation was recorded at the Potlatch District Ranger
Station of the U. S. Forest Service (Potlatch, Idaho) at 768 m elevation. The closest spore collection site is 20 km E, and the furthest 30
km ENE of the station.
RESULTS

The basidiocarps varied greatly in size and total number of spores
produced (TABLE I). Exposed pore-surface area (24) was calculated as
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TABLE I
TOTAL BASIDIOSPORES COLLECTED FROM SEVEN BASIDIOCARPS OF Cryptoporus
ITNDER 1979 FIELD CONDITIONS

Basidiocarp

Host

Pore
surface
area
(cm2)a

A
B
C
D
E
F
G

Douglas-fir
White pine
Douglas-fir
Grand fir
Grand fir
Grand fir
Grand fir

0.49
1.02
1.10
5.53
7.85
8.16
8.37
4.65

Average

Total
spores
collectedb
1.27 X
3.66 X
1.31 X
1.20 X
43.60 X
55.20 X
68.70 X

108
108
108
l08
108
108
108

2.50 X 109

volvatus

Total
collected
spores
per cm2

Maximum
24-h spore
release
per cm2"

2.56 X
3.59 X
1.19 X
0.22 X
5.55 X
6.76 X
8.21 X

1.82 X
3.07 X
1.56 X
0.11 X
2.23 X
2.35 X
4.70 X

108
108
108
108
108
108
108

4.01 X 108

107
107
107

107
107
107

107

2.26 X 107

a

area of pore surface calculated as an ellipse.
bExposed
Sum of collections taken every 7 to 11 da over entire spore-release period.

c Calculated by dividing the single maximum spore collection by the number of da

since previous collection.

an ellipse from the major and minor axes of the pore surface measured after cessation of spore release. Spores were collected until fewer
than 1.0 X 105 spores were counted in a collection. As expected, spore
counts were greater from larger basidiocarps; however, the largest basidiocarps also gave more spores per cm2 of pore surface (TABLEI).
Dehydration and insect consumption of larger basidiocarps proceeded
more slowly.
One of the eight basidiocarps sampled acquired an unusually high
insect population soon after maturity and rapidly deteriorated before
its pore-surface area was measured. Spores were released for fewer
than 28 da and only 4.3 X 106 spores were collected. Data from this
basidiocarp

are not included in TABLE I or FIG. 4.

Release from the other basidiocarps peaked early and then steadily
declined (FIG. 4). Larger pore-surface area was positively correlated
with the duration of the spore-release period (last sampling date before ostiole opening until last collection date). If Y = spore release
period in days and X = pore-surface area in cm2, then Y = 5.6X +
44.7 (r = .986). Actual sporulation periods were shorter, but release
continued after spore production as spores initially retained by the
volva fell free owing to wind, insect activity, and consumption of the
volva by insects.
Precipitation recorded at Potlatch, Idaho (FIG.4) was probably less
than that at the higher elevations of the spore-collection sites. However, the rainfall pattern was typical for dry northern Idaho summers
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FIG. 4. Daily rainfall and sporulation patterns for seven basidiocarps of Cryptoporus volvatus under 1979 field conditions. Only collections containing more than
1.0 X 105 spores were recorded.
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(though 1979 rainfall was below average), and approximates that of
the spore-collection sites. For the entire spore-collection period from
21 May to 20 September, only 9.7 cm (3.8 in) of rainfall were recorded.
A 34-da period of no rain from 11 July to 14 August had no apparent
effect on spore release (FIG. 4). Moreover, basidiocarps of C. volvatus
developed on adjacent dead, standing trees continually from early
May through August in 1979, including the last week of the drought
period. Few basidiocarps of other macrofungi emerged during the
drought. Emergence, development, and sporulation of basidiocarps of
C. volvatus showed no apparent relation to precipitation.
Data available on total numbers of spores produced by other Polyporaceae were adjusted to 24-h periods for comparison (TABLEII).
Studies with other species utilized apparati which sampled short
sporulation periods more accurately than did the long-term sampler
employed here, making comparison difficult without adjustment; yet,
the adjusted numbers are comparable.
DISCUSSION

Total spore production.-The
basidiocarps of C. volvatus released
of
large quantities
basidiospores though total numbers collected (TABLE I) represent an underestimate of actual numbers of airborne
spores produced. Spores that failed to fall directly into the funnel, and
those that remained on the screen and funnel surfaces after washing
represent spore losses. In contrast, shielding basidiocarps may have

TABLEII
COMPARISON OF BASIDIOSPORE PRODUCTION BY DIFFERENT POLYPORE SPECIES WITH THA T

OFCryptoporus volvatus

Species

Environment

Polyporus tomentosus
P. tomentosus
P. hispidus
P. betulinus
P. versicolor
P. pubescens
C. volvatus

1968 field conditions
1969 field conditions
1965 field conditions
Greenhouse
Greenhouse
Greenhouse
1979 field conditions

Spores collected
per cm2 of pore surface
area in 24 h
6.0-12.0 X
0.3-0.6 X
2.2 X
9.5 X
13.9 X
28.2 X
2.3 X

107a
107a

107b

107'
107c
107c
107d

Reference
(1)
(1)

(21)
(24)
(24)
(24)
TABLEI

aTwenty-four times the seasonal averages of hourly spore production taken from p.
812.
times the maximum hourly discharge recorded.
cbTwenty-four
Near maximum 24-h sporulation period.
dMaximum
collection divided by number of da since previous collection.
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slowed dehydration and thus prolonged spore production. In any
event, total airborne spore production was comparable with that of
other annual polypores whose spores are unquestionably wind disseminated (TABLE II).
Total spores collected from basidiocarps of Polyporus tomentosus
Fr. under field conditions for two seasons varied (1), but the 24-h averages bracket the peak 24-h production of C. volvatus (TABLE II). If
the maximum hourly sporulation level recorded for P. hispidus Bull.
ex Fr. (TABLE II) could be maintained for 21 da, the observed sporulation period under field conditions, a total of 4.7 X 108 spores/cm2 of
pore surface could be produced (21); this is close to the average total
spore release of 4.0 X 108 spores/cm2 by C. volvatus (TABLE I).
Figures for basidiocarps of P. pubescens Schum. ex Fr., P. betulinus Bull. ex Fr., and P. versicolor L. ex Fr. (TABLE II) were maximum
24-h sporulation periods under humid greenhouse conditions (24).
The authors did not indicate how long sporulation could be maintained in the greenhouse, or under more rigorous field conditions.
However, a substrate-attached, greenhouse-grown basidiocarp of P.
hirsutus Wulf. ex. Fr. of unspecified size, but which is typically larger
than those of C. volvatus (2), sporulated for 5 da and produced a total
of approximately 6.6 X 109spores (24), i.e., less than basidiocarp G of
C. volvatus (TABLE I). Many spores retained within the volval
chamber of C. volvatus are consumed by insects; however, large
numbers of airborne basidiospores, as for other polypores, are still
released.
Xerophytic adaptations.-The leathery, annual basidiocarps of many
polypores (e.g., P. pubescens and P. versicolor) have the capacity to resume sporulation upon being re-wetted by rainfall following desiccation (19, 24). However, fleshy polypores (e.g., P. betulinus) and many
other fleshy Hymenomycetes sporulate in one continuous period, and
apparently cannot revive (15, 19, 24). The fleshy, annual basidiocarps
of C. volvatus most resemble P. betulinus (24); sporulation peaks
early, and gradually tapers off (FIG. 4). The subtending volva extends
the release period beyond actual spore production through spore retention. Larger basidiocarps dry more slowly and release spores
longer, possibly due to their smaller surface-to-volume ratio and
slower volva deterioration.
Unlike typical fleshy annuals with continuous sporulation (15, 19,
24), basidiocarps of C. volvatus develop and release spores during mo
of little or no rainfall (FIG. 4). This unique capacity may result from
hemiangiocarpic development (27) which maintains basidium turgor
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(15, 19) during low ambient relative humidity. Unlike other Polyporaceae in which basidia are confined within the tubes, basidia in C.
volvatus may also occur over the ends of the tube dissepiments (27).
Evidently, a near-saturated atmosphere is maintained within the volval chamber, between pores as well as within the tubes. In addition,
the subtending volva may slow basidiocarp dehydration by retarding
evaporation from the pore surface. The notable resinous crust of basidiocarps of C. volvatus (4, 22, 27, 29) may also be an adaptation that
slows moisture loss.
Many Hymenomycetes, including some polypores, are restricted to
producing basidiocarps at or near ground level in dry climates (2).
However, the capacity of C. volvatus to fruit throughout the main
bole of dead, standing trees (3) increases sporulation proficiency by allowing a greater percentage of infections (viz., those on the less humid
upper bole) to produce basidiocarps. Further, C. volvatus spores that
are released from greater heights may be in a more favorable position
for entry through holes made by bark beetles on the upper bole than
are spores from fungi fruiting on slash or other substrata near the
more humid forest floor.
Bark-beetle association.-The two most common bark-beetle species
associated with C. volvatus in northern Idaho, Dendroctonus pseudotsugae and Scolytus ventralis, initiate most of their galleries from early
May through June, and July through August, respectively (7), i.e.,
during the period of basidiocarp production of C. volvatus and spore
release (FIG. 4) (4). Sapwood and phloem tissue freshly exposed by
bark-bettle tunneling may be suitable for infection for only a few wk,
or less, as are freshly exposed infection courts for Fomes annosus (Fr.)
Cooke (11, 23) and Stereum sanguinolentum (Alb. & Schw. ex Fr.) Fr.
(12). In order quickly to colonize these fresh, moist beetle galleries,
basidiospores must be disseminated during what are often the driest
mo in the areas of western North America where C. volvatus is most
prevalent. With the exception of xerophytic species with woody perennial basidiocarps (19, 24) [e.g., Fomitopsis pinicola (Swartz ex Fr.)
Karst.], the primary sporulation periods of few other Hymenomycetes
appear to occur during this period in northern Idaho (16).
Sporulation of competitors and antagonists has been implicated as
a primary limiting factor for infection by some wood-decay fungi (12,
23), and may also play a role in the distribution of C. volvatus. Although infrequent across much of North America (22, 27), C. volvatus
is very common in some western areas. The northern Rocky Mountains and many Pacific Coast areas have relatively little summer pre-
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cipitation, and support abundant populations of C. volvatus (3, 20,
25, 28). It has not been recorded in those Pacific Coast areas (e.g., the
Olympic Peninsula) that receive most of their precipitation in winter,
but still receive substantial summer precipitation, though suitable
substrata (5) and bark beetles (7) are abundant. Similarly, Borden and
McClaren (3) found the fungus restricted to areas with less than 150
cm annual precipitation in British Columbia. Excessive summer
moisture is probably not detrimental to sporulation of C. volvatus,
but may stimulate summer dispersal of competitors that exclude it
from its narrowly defined habitat. Sporulation and invasion of dead
and dying trees by competitors during bark-beetle flight periods appears more likely to exclude C. volvatus from high summer-rainfall
areas than a paucity of insect vectors as proposed by Borden and
McClaren (3).
Insect dissemination.-Although
many species of insects have been
proposed as vectors of C. volvatus (3, 9, 10, 17, 18, 29), and the acceptance of insect dissemination is widespread (2, 6, 8, 14, 19, 22, 25, 27),
establishment of new infections through vectoring has not been demonstrated. The proposed basidiocarp-inhabiting vectors do not frequent bark-beetle galleries, and thus are not suitable for effective dissemination (3).
Temnochila chlorodia (Mann.), the most recently proposed vector
of spores (3), is scarce on Douglas-fir in northern Idaho (10, 13) where
C. volvatus is abundant. Adults of this bark-beetle predator may occasionally acquire C. volvatus basidiospores, but these are merely deposited on the outer bark near gallery entrance holes during egg laying
rather than within the beetle gallery (3). It is unlikely that hatching
larvae of T. chlorodia could acquire such spores from the dry outer
bark and bring them into the gallery as proposed (3).
The appearance of basidiocarps of C. volvatus on bark-beetle (D.
pseudotsugae) infested Douglas-fir bolts screened to exclude other insects (9) demonstrates that the other proposed vectors are not essential
for dissemination. Evidence to support the hypothesis of dissemination of mycelial fragments by D. pseudotsugae (9, 10) has also been refuted (16). Isolations from in-flight D. pseudotsugae naturally contaminated by basidiospores during flight indicates the abundance of
airborne spores of C. volvatus (16).
The curious subtending volva with ostiole appears more likely a
xerophytic adaptation than an adaptation for insect dispersal. Evolution of the unique volva has apparently enabled C. volvatus to produce basidiospores during the periods of low precipitation and rela-
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tive humidity often associated with bark-beetle flight in those parts of
western North America where the fungus is most common. The proclivity for basidiocarp production during summer droughts, the apparently xerophytic adaptations for summer sporulation, and the high
number of basidiospores released from basidiocarps all point to airborne basidiospores as the primary means of dissemination. Although
insect dispersal may occasionally establish new infections (16), wind
dissemination should be considered the major means of dispersal in
Cryptoporus volvatus as in other Polyporaceae.
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