
FIG. 1. Spatial arrangement of all plots across Teakettle Experimental Forest. X-Y values are in UTM coordinates. Filled
circles indicate the location of a plot. Plots that were not analyzed due to insufficient seed germination are not shown here.
Inlay shows the numbering of plots (2 m transect) within the six compartmen ts (4 ha each) as established in North (2002b).
Actual sampling points were within 15 m of numbered grid points.
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Comparison of the RPC to the root community.—By
comparison of DNA sequences obtained from the
RPC in this study and from a study of mature ECM
roots in this same forest (Izzo et al 2005a) we were
able to determine that roughly one-third of the
RPC species were active on the roots of mature
trees in this old-growth forest. Of course this
remains a conservative estimate because, while we
appear to have reasonably sampled the RPC
community (F IG. 3), the sampling of the mature
root community was much more limited, as it
almost always is (Taylor 2002). Most notably two
sclerotia-forming species (Wilcoxina1 and C.
geophilum) were found to be the most frequent in
both studies. Both of these species were only
moderately abundant on the field roots in small
soil cores, however they were the most frequent
colonizers when compared across a full compart-
ment (4 ha). Their frequency, coupled with the
rarity of most mature forest species, made Wilcox-
ina1 and C. geophilum the second and third most
abundant species at that 4 ha scale. The other
RPC species that were detected on field roots were
not as abundant in the mature forest. However,
similar to Wilcoxina1 and Cenococcum, they in-
creased their prominence on field roots relative to
other species as the scale increased, which
reflected the overall widespread distribution of
the RPC fungi at Teakettle Experimental Forest.

While the idea that ruderal fungi can persist in
a mature setting is not new (e.g. Visser 1995), it is
notable that two of the dominant RPC species are
exceptionally abundant on the roots in this old-
growth forest, a pattern also present in a mature
Pinus muricata forest (Taylor and Bruns 1999). The
Taylor and Bruns study highlighted the differences

seen between the RPC and the root community,
however the three most common RPC taxa—Tomen-
tella sublilacina, a Phialophora-like fungus and Cen-
ococcum geophilum—respectively ranked first, fourth
and eighth of the 17 species found on the field root
community. A number of features of the RPC taxa
could account for this pattern. The taxa in our study
Wilcoxina1 and Cenococcum geophilum generally are
thought to be well adapted to disturbance, most likely
due to their sclerotia (Miller et al 1994, Torres and
Honrubia 1997). Cenococcum often is considered also
to be resistant to drought or dry conditions (e.g.
Pigott 1982, Coleman et al 1989). It is plausible
therefore that a common event such as seasonal
drying of the upper soil layers could shift the
competitive environment in favor of these species.
In addition drought or small mammal diggings may
disrupt the mycelial network sufficiently to create
openings for RPC competitors to maintain themselves
locally. Even if such disturbances occur at a small
scale, the frequent and well distributed RPC propa-
gules in this forest would make the impact of
numerous small-scale events become more obvious
at larger scales, as we observed. On the other hand it
cannot be ruled out that these taxa are actually
relatively effective competitors under nondrought
conditions, as might be suggested by the observation
of common acropetal replacement of other ECM
fungi by Cenococcum (Massicotte et al 1999).

Ecology of Rhizopogon species.—Our view of Rhizo-
pogon composition in the RPC is similar to the

FIG. 3. Species accumulation curves for ectomycorrhizal
species detected on different bioassay host types. Bars
indicate standard error based on 100 subsamples
with replacement.

FIG. 4. Between-plot similarity across distance for differ-
ent community types. Plot-plot Sorensons similarity index
for ECM fungi detected in bioassays (d � A. concolor RPC,
O � P. jeffreyi RPC) and on field roots ( ^ � active root
community from Izzo et al [2005a]). Solid lines indicate
average similarity across all plots. Dashed lines indicate 95%
confidence interval of the mean.
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Sierra National Forest site of Kjøller and Bruns
(2003) despite the differences in the altitudes
(2100 m vs. 1400 m), host composition (mixed-
conifer vs. P. ponderosa), stand fire history (old-
growth stands vs. those with recent fire) and
screening methodology used in each study (i.e.
direct molecular analysis of roots vs. culturing).
Both studies show that there are commonly four
or five Rhizopogon species ready to inoculatePinus
hosts across just a few meters. Of these,Rhizopogon
arctostaphyli, R. salebrosus and, to some extent, R.
olivaceotinctus, and R. occidentalis are frequent
across both studies and sites, suggesting that they
are widespread throughout Sierra National Forest
across both altitude and host compositional
gradients. Generation of this pattern requires
some combination of frequent fruiting, efficient
dispersal and long-lived spores, all traits known to
be exhibited by Rhizopogon species (Molina et al
1999). While all four have spores that are well
distributed and viable, only R. salebrosus and R.
arctostaphyli have been detected as sporocarps or
on the mature roots in this region (North 2002a,
Izzo et al 2005b). This pattern supports the idea
that spore longevity plays a role in the mainte-
nance of R. olivaceotinctus and R. occidentalis. Some
species of Rhizopogon have spores that remain
viable at least 2 y (Miller et al 1994), but if these
species were last active after a large scale forest
disturbance, their spores would need to be viable
for decades. Because of the limitations presented
when studying mature root communities and
hypogeous sporocarps additional sampling in this
forest is needed to rule out the possibility that
these species are maintained at low levels.
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