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Abstract: The polypore Bridgeoporus nobilissimus produces large perennial basidiocarps on large
diameter Abies stumps, snags and trees in coniferous forests of the Pacific Northwest. Despite the size
and persistence of the basidiocarps, they are rarely observed, making the conservation of this species a
concern. We determined that a genetic marker for this fungus could be detected in DNA extracted from
wood cores taken from trees hosting basidiocarps. We then tested 105 trees and stumps that did not host
B. nobilissimus basidiocarps in plots surrounding B. nobilissimus conks, and 291 trees and stumps in
randomly located plots in four stands that contained at least one B. nobilissimus basidiocarp. We found
that trees of all sizes throughout all of the stands hosted B. nobilissimus. The proportion of Abies trees
(live and dead) colonized by B. nobilissimus in these stands ranged from .06 + .04 in a recently thinned
stand to .39 + .08 in an old growth stand. The spatial density of B. nobilissimus colonized trees ranged
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from 25 + 13 to 61 + 12 trees/ ha. The spatial density was highest in the old growth stand, but
intermediate in the recently thinned stand. In a separate study we detected B. nobilissimus DNA in three
conifer species that were not known to host this species: Pseudotsuga menziesii, Tsuga heterophylla, and
Thuja plicata. Our results indicate that the survival strategy of this fungus is to produce and maintain a
myecelial presence in its hosts while infrequently producing a long-lasting basidiocarp. The detection of B.

nobilissimus, and other fungi adopting this reproductive strategy, is difficult using visual observation, but

achievable using methods based on DNA detection of mycelia in hosts.

Key words: Bridgeoporus nobilissimus, Polypore, Hymenochaetales, fungus conservation, rare fungi,
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Introduction: Bridgeoporus nobilissimus
(W.B. Cooke) T.J. Volk, Burds. & Ammirati is a
conk-forming polypore in the Hymenochaetales
associated with large diameter Abies stumps and
snags and occasionally large live trees (Burdsall
et al. 1996; Redberg et al. 2003). Originally
classified as an Oxyporus species (Cooke 1949),
B. nobilissimus is currently the only member of
its genus. Characteristics that differentiate
Bridgeoporus from Oxyporus and Rigidoporus
include the association of Bridgeoporus with
brown rot rather than white rot, and closely
appressed hyphae in coarse fascicles on the upper
surface of its pileus. The latter characteristic
gives the upper conk surface a fuzzy or fibrous
texture that often supports the growth of algae,
bryophytes, and occasionally vascular plants
(Burdsall et al. 1996).

As recently as 1996 this fungus was known from
only 6 sites, all in Washington and Oregon.
Subsequent, extensive surveying for this fungus
in likely habitat resulted in over 100 known
locations for the fungus by 2007 (Lebo 2007) in
the Pacific Northwest. The majority of sites were
found on the Cascade Resource Area of the U.S.
Bureau of Land Management (BLM) Salem
District in Clackamas, Marion, and Linn counties,
which covers a 100 km swath of the west slope of
the Cascade Mountain range in northern Oregon.
Sites also occur in the western Washington
Cascades, and outliers (1 site each) occur in the
Olympic Mountains of Western Washington, the
Oregon Coast range, and in Redwood National

Park in northern California. Site elevations are
typically from 300 to 1300 m, in old growth true
fir stands, or in regenerating stands with large
diameter true fir stumps. Basidiocarps are found
on the bole near the base of the large diameter (at
least 1 m) trees and stumps in these stands.
Bridgeoporus nobilissimus basidiocarps appear
to occur nearly exclusively on Abies procera.
One basidiocarp was documented on Abies
amabilis (Olympic National Forest) and one
recently was documented on an Abies grandis
snag (Redwood National Park).

Bridgeoporus nobilissimus has a global rarity
rank of G3 (rare and uncommon; vulnerable)
(Vrilakas 2010). In both Oregon and Washington
the state rank is S3 (rare, uncommon, or
threatened), though in Washington it is also a
Review Group 1 species (of potential concern but
needs more field work to assign another rank).
The apparent rarity of this organism and its
dependence on old growth true fir forests (or
legacy forests) within a limited range have made
it a conservation concern. The health and age
distribution of populations is unknown, although
many of the known basidiocarps have been
observed to be in decline or dead, and suitable
habitat of large dead Abies is limited. Currently,
B. nobilissimus is on the U.S. Forest Service
(USFS) Regional Forester’s Sensitive Species List
(Region 6, Pacific Northwest) and is Sensitive on
the Oregon/Washington BLM Special Status
Species list. For the Northwest Forest Plan
survey and manage mitigation measures, it is a
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Category A species meaning that pre-disturbance
surveys and site management are required
(USDA and USDI 2001).

Like other polypores, Bridgeoporus nobilissimus,
may grow as mycelium within a tree for some
time before producing a basidiocarp (Gilbertson
and Ryvarden 1986). The fact that conks of B.
nobilissimus are found on large diameter stumps
and trees suggests that decades of mycelial
growth within the tree are required before
fruiting body production is initiated.
Bridgeoporus nobilissimus conks most often are
observed on stumps and snags, which may
indicate that fruiting is a response to stress
within the host organism, or its death. If the
period between infection and basidiocarp
production is long, at any given time many trees
could be harboring the fungus in the mycelial
form despite the lack of conks in a stand. A probe
capable of detecting the mycelial form of B.
nobilissimus in wood could provide a method for
determining the extent and dynamics of B.
nobilissimus populations, and thus increase the
effectiveness of conservation efforts. Researchers
have reported the detection of a variety of wood
decay fungi in wood using PCR amplification of
fungal genes present in DNA extracted from
wood samples (Jasalavich et al. 2000; Guglielmo
et al. 2007). In 2008 we completed a small scale
study in which we determined that the unique
ITS1 and ITS2 regions of the B. nobilissimus
genome could be detected in DNA extracted from
wood cores taken from trees and stumps that
harbored a B. nobilissimus conk.

We then undertook a series of studies designed to
develop and test a molecular method for the
detection of B. nobilissimus in trees and stumps,
and to use this method to improve our
understanding of its life history and ecology. In
2008 we developed and optimized our field
methodology by sampling trees with B.
nobilissimus conks and determining which
sampling parameters were most important for
detecting the mycelium within the trees (Phase

1). Next, we refined our laboratory procedures to
determine the reliability and sensitivity of our lab
methods (Phase 2). Then, in 2009 we sampled
405 Abies procera and Abies amabilis trees
(living and dead) in 6 forested stands in which at
least one tree hosted a B. nobilissimus conk
(Phase 3). Finally, in 2010, we expanded our
testing to include tree species not known to host
B. nobilissimus conks (Phase 4). The results of
this research program provide a much better
understanding of how to conduct surveys for B.
nobilissimus, and significantly improve our
understanding of its presence in forested stands
containing a B. nobilissimus conk.

Materials and Methods:

Phase 1

In previous work, using the specific primers
described by Redberg et al. (2003), we
successfully detected the unique ITS1 and ITS2
regions of Bridgeoporus nobilissimus DNA in
wood samples taken from stumps and snags
colonized by this fungus (data not shown). The
purpose of Phase 1 testing was to determine best
practices for sampling trees for the presence of B.
nobilissimus. In addition we wanted to use
sufficient numbers of positive and negative
controls to test the consistency and accuracy of
our laboratory methods.

Our objectives in Phase 1 were: 1) to assess
whether a standard increment borer can be used
to obtain samples efficiently and without sample
contamination, 2) to determine the best location
on a tree to sample for B. nobilissimus, 3) to
determine the minimum core depth that can be
sampled to detect B. nobilissimus if it is present,
4) to determine the minimum number of
increment cores needed to detect the presence of
B. nobilissimus in a tree, and 5) to determine
whether B. nobilissimus DNA can be detected in
trees or stumps that have not produced a B.
nobilissimus conk.
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For Phase 1 testing, in 2008 we sampled trees at
five sites (Table 1, Table 2, Figure 1). Five stumps
and snags and four live trees all with B.
nobilissimus conks were sampled. Five stumps
and snags and eleven live trees without B.
nobilissimus conks, but within 20 m of a known
conk site, were also sampled. All trees sampled,
both live and dead, were identified as Abies
species, mostly A. procera with a few possible A.
amabilis stumps.

Field Methods

Wood samples were taken with a 45-cm
increment borer. Sampling height varied only at
the first site (Snow Peak I), where sampling
heights above ground level ranged from o to 1.5
m. A total of four Abies trees (two live, two dead)
were sampled. After these samples were
analyzed, all subsequent core samples were taken
from o to 0.5 m above ground level.

At all of the sites, when each wood core was
removed it was split into three pieces designated
as outer, middle, or inner. The three wood pieces
were placed in separate pre-labeled re-closeable
plastic bags. Visual surveys suggested that B.
nobilissimus conks appear most frequently on the
downhill side of trees and stumps (Terry Fennel,
personal communication). Therefore, one core
was always taken on the downhill-facing side of
the tree, and three additional cores were taken;
each core was about 90° around the
circumference of the tree from its neighbors. The
orientation with respect to the downhill side of
the tree was recorded for each subsample. On
some extremely rotted stumps and snags, the
remaining tree structure consisted of an outer
shell with little or no material inside. On these
subjects only 1 or 2 samples could be taken at
each orientation. On trees with no conk, only the
inner and outer samples at each orientation were
tested. Bags were placed in a cooler in the field
and kept below 5 C. Previous work showed that
B. nobilissimus could be detected in wood
samples stored under refrigeration (o- 5 C) for
over a year (data not shown).

After every wood core was taken, the increment
borer was cleaned to prevent cross-
contamination. The cleaning procedure was as
follows: First the auger and quill extractor were
agitated in a wash solution, a 1% aqueous
solution of the surfactant Triton X-100. Then the
auger and extractor were placed in disinfecting
solution, a 1% solution of Triton X-100 in 70%
isopropyl alcohol. The extractor was then wiped
with a clean dry cloth, and the inner surface of
the auger was cleaned with a .22 rifle cleaning
tool (Hoppe's 9 cleaning rod rifle set). This tool
guides a disposable patch of cotton fabric through
the bore of the increment borer. A new cleaning
patch was used for each cleaning.

Tsuga heterophylla was not known to host B.
nobilissimus, so we expected any T. heterophylla
cores to be negative. To test the efficacy of the
cleaning method, cores were taken from Tsuga
heterophylla trees after sampling a B.
nobilissimus host tree and cleaning the
increment borer, using the method just
described. Any positive T. heterophylla cores
would indicate a failure of the cleaning
procedure.

Lab Work

To prepare a wood sample for DNA extraction, a
wood core section was removed from its bag and
chopped into small (10- 20 mms3) pieces with a
disinfected knife. A sub-sample of about 0.2 to
0.3 g of wood pieces was then added to a labeled
2.0 ml microcentrifuge tube. DNA was extracted
using a Chelex extraction buffer as follows. To
each tube, 800 ul of Chelex buffer (100 mM Tris
pH= 8.5, 8% Chelex 100 (Bio-Rad Laboratories),
1% Triton X-100) was added. About 20 1mm
zirconia beads were added to the tube. Tubes
were heated to 94 C to 99 C for 10 min, vortexed
for 60 s, then returned to 94 C to 99 C for 10 min.
Samples were then frozen, thawed, and
centrifuged for 2 min. Each DNA sample was
cleaned using a DNA clean up kit (UltraClean
GelSpin DNA Purification Kit, MoBio Inc.)
according to product directions.
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Each cleaned DNA sample was run at least once
in a PCR reaction. Reactions were 25 pl in
volume and contained 1 U of JumpStart Taq
(Sigma), 1X of Taq buffer, 200 uM each dNTP,
400 nM each specific primer, and 5.0 pg Bovine
Serum Albumin (Biotechnology Grade, Amresco).
ITS-based B. nobilissimus specific primers
Bn215-118 and Bn217-190 (Redberg et al., 2003)
were used (Table 3). Reactions were subjected to
94 C for 90 s, followed by a touchdown PCR
routine, where the annealing temperature varied
from 66 C to 62 C for the first five cycles, and was
set at 61 C for 40 cycles. Anneal time was 50 s.
Extension was 72 C for 60 s, and denaturing was
at 94 C for 25 s. Products were visualized on an
agarose gel and photographed. Samples that
displayed a distinct 550 bp band were scored as
positive.

Every 20th extraction was a negative control.
These controls went through the extraction
process, but contained no wood sample. Every
PCR batch contained at least one negative PCR
control and one positive PCR control.

Phase 2

The purpose of Phase 2 was to determine the
detection limit of B. nobilissimus mycelium when
extracted from a ground wood matrix, and to
evaluate the consistency of the test method.
Wood core samples obtained with our preferred
sampling method have an average mass of 18 g,
while only 0.2-0.4 g of this is used for DNA
extraction. We wanted to ensure that mixing of
the wood material during processing was
sufficient so that the presence of B. nobilissimus
DNA would be detected in all subsamples. To
improve mixing, the DNA extraction protocol was
modified to include grinding of the wood core in
a small electric grinder rather than chopping with
a knife.

Despite repeated attempts by several labs
(Redberg et al. 2006; Diane Hildebrand, personal
communication, 2009), B. nobilissimus has not
been successfully grown in culture. Consequently

we were not able to use known amounts of
mycelium to determine a detection limit in terms
of grams of mycelium per grams of wood.
Instead, we used a heavily colonized piece of
wood, taken from a stump immediately adjacent
to a B. nobilissimus sporocarp, as our standard.
Repeated testing of subsamples from this wood
(hereafter referred to as mycelium wood)
consistently generated the B. nobilissimus-
specific marker after DNA extraction and PCR.
For dilution of the standard, wood cores were
taken from two Abies amabilis and two A.
procera trees growing in an area where B.
nobilissimus was unknown. Subsequent testing
confirmed that these negative control wood core
samples did not contain B. nobilissimus.

Eight test batches with progressively lower
concentrations of mycelium wood were made by
preparing serial dilutions of mycelium wood with
uncolonized wood cores. Each dilution was
prepared by adding a quantity of mycelium-
containing wood from the previous dilution to
uncolonized wood cores and grinding them
together for 60 to 90 s in a 200W grinder (Krups
F203). In addition, a negative control batch with
no mycelium wood was prepared immediately
following the batch with the highest
concentration of colonized wood. Dilutions
varied from 9.0 mg mycelium wood/ g total wood
to 0.07 mg mycelium wood/ g total wood. The
grinder was washed with soap and water and
dried between samples.

Four subsamples were taken from each dilution
level for testing, except only two subsamples were
taken from the negative control batch. One
sample of mycelium wood, with no added wood
core material (positive control) was also
prepared. DNA was extracted using Chelex
extraction buffer as described earlier, except that
zirconia beads were not used and the
concentration of Chelex in the buffer was 4.5%.

Before PCR amplification of DNA from the
dilution series, the performance of several other
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ITS-based primers, developed for this study, were
assessed in preliminary testing. The new
combination of Bn215-118 with primer r4 (Table
3) was found to be the most reliable at producing
amplicons at low template levels, (data not
shown), and this primer pair was used in all
subsequent testing. Primer r4, similar to the 5.8S
primer (Vilgalys and Hester 1990), targets the
5.8S region of the nuclear rRNA gene.

Reactions were 25-ul in volume and contained
0.5 U of OneTaq Hot Start DNA Polymerase
(New England BioLabs), 1X of the standard
reaction buffer provided for this polymerase, 200
uM each ANTP, 400 nM each specific primer, and
5.0 pg Bovine Serum Albumin (Biotechnology
Grade, Amresco). Reaction mixtures were
subjected to 95 C for 1.0 min, followed by a
touchdown PCR routine where the annealing
temperature varied from 65 C to 62.4 C for the
first seven cycles, and was fixed at 62 C for 36
cycles. Anneal time was 30 s. Extension was at
67 C for 60 s, and denaturing was at 95 C for 20 s.
Products were visualized on an agarose gel and
photographed. Samples that showed a distinct
238 bp band were scored as positive.

Phase 3

In Phase 3 we surveyed a number of Abies-
containing stands in Oregon and Washington
that had at least one B. nobilissimus conk. Our
purpose was to draw inferences about the
prevalence of this species in non-symptomatic
trees in the sampled stands. Six stands, selected
to represent a broad geographic area and a range
of stand ages, were surveyed between July and
September of 2009 (Table 4, Figure 1). At four
areas selected for extensive sampling, stand
boundaries were delineated using aerial
photographs (Figures 2- 5) to include
surrounding stands of the same tree age class and
mix of conifer species. The Snow Peak stand
surveyed in Phase 3 was near, but did not include
the Phase 1 Snow Peak areas.

The Phase 3 study included three sampling
strata. The first consisted of fixed circular plots
around every tree or stump hosting a B.
nobilissimus conk (N=9). These plots hereafter
are referred to as “conk” plots. The target size of
these plots was 0.017 ha (7.3 m radius), but the
radius was increased if fewer than five Abies trees
were found within the 0.017 ha circle. A
sampling protocol for the conk plots was
developed and implemented as follows. All Abies
snags were sampled. All live Abies trees greater
than 13 cm diameter-at-breast-height (DBH)
within a radius of 7.3 m were sampled but only
trees greater than 25 cm DBH could be sampled
beyond the 7.3 m radius in plots with a larger
radius. Stumps with a diameter > 13 cm within a
plot radius of 5.1 m were sampled. Beyond 5.1 m,
only stumps with a diameter > 51 cm were
sampled. Data collected on each tree or stump
included diameter, species, live/ dead status, and
stage of decay for dead trees and stumps. Each
sampled tree was labeled with a numbered
aluminum tag, and its location relative to the plot
center was recorded. At the Mt. Rainier and
Asahel Curtis sites, only the first stratum samples
(conk plots) were collected. No stumps were
present at these two sites.

A second stratum of samples from randomly-
selected plots was taken from four of the study
areas: Gordon Meadows, Marys Peak, Snow
Peak, and Wildcat Mountain. Hereafter these
plots are referred to as “random tree” plots, since
live and dead trees were sampled, but stumps
were not. For this stratum of samples, point
sampling was conducted at ten to eleven
randomly-selected points within each stand.
Point sampling is a method widely used in forest
inventory, sometimes called variable plot cruising
or plotless cruising. In variable plot or point
sampling, each tree in a stand is surrounded by
an imaginary circular plot whose size is
determined by the Basal Area Factor (BAF) of the
stand and the tree's diameter. Any tree or snag
whose plot includes the randomly selected point
isincluded in the survey. By using a relascope at
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the selected points, trees to be sampled are
determined without the need for distance or tree
diameter measurements. The appropriate BAF
wedge prism for the relascope was selected based
on obtaining at least 5 to 7 Abies trees inside the
variable plot. A BAF of 20 or 40 was generally
used although the old growth stand at Marys
Peak required a BAF of 62.5. Only Abies trees
and snags greater than 51 cm DBH were sampled
for this stratum of samples. The variable plot
locations were determined prior to field work
with a random start (i.e., random azimuth) for a
grid that was then overlaid at that azimuth across
the stand and the random tree plots were
systematically laid out.

Six of the plots originally selected for Wildcat
Mtn. had no Abies trees or stumps, so seven more
randomly selected plots were sampled, giving a
total of eleven sampled plots at this site. In
addition, conk plots 1 and 3 at Wildcat Mountain
were expanded to a radius of 35.8 m and conk
plot 2 to a radius of 17.95 m since there were so
few Abies within the standard smaller radius plot.
One of the plots at Marys Peak was in a different
forest type, and was eliminated from analysis. In
the end, each of the four sites had from nine to
eleven valid plots sampled.

For the third stratum of samples, fixed-diameter
plots were used at the same randomly-selected
centroid points used to obtain the second stratum
of samples, but only stumps were sampled. We
refer to these plots as "stump plots." To define
the difference between stumps and snags
(sampled in the second stratum), we counted any
dead tree with a height less than its DBH as a
stump. A 5.1 m radius fixed plot was established
around the plot center, within which all stumps
with diameter > 13 cm were sampled. From 5.1 to
7.3 m radius, stumps > 51 cm diameter were also
sampled. For both random tree and stump plots,
each tree and stump sampled was tagged and had
its data recorded as described for the conk plots.

At all sites, sampling of each tree consisted of
using a disinfected increment borer to remove
four wood cores as described for Phase1, except
cores were not split and all cores from a tree were
mixed together in one sample bag. For highly
decayed trees from which cores could not be
obtained, 4 small pieces of rotten wood were
removed from different points on the stump or
snag. Samples were kept in coolers with ice until
they reached the lab, where they were
refrigerated.

DNA extraction, PCR, and analysis were
performed as described in Phase 2, except a 600
W blender (Waring NuBlend) was used to grind
the cores. In addition, all positive samples were
confirmed with a restriction analysis. In this
analysis, PCR product was digested with the
restriction enzyme Ava II (New England
BioLabs), which has a five base recognition
pattern. B. nobilissimus includes a restriction
site for Ava II in the amplified ITS1 region that
creates 105 bp and 136 bp fragments. This
restriction site is located in a variable region of
ITS1 and was not found in the ITS regions of
other Hymenochaetoid species downloaded from
GenBank for comparison.

Phase 4

The purpose of Phase 4 was to explore the
possibility of non-Abies trees hosting B.
nobilissimus. In 2010 we went back to four of the
stands sampled in Phase 3 to collect cores from
the following tree species: Pseudotsuga
menziesii, Tsuga heterophylla, and Thuja
plicata. A minimum of 4 trees per non-Abies
conifer species growing near the tree hosting the
B. nobilissimus conk at each site were selected for
sampling (Table 5). Thuja plicata was not
present at two of the sites. Tree coring was
carried out according to the previously
established protocol, and tree status and location
data was collected as in the Abies survey. We did
not have a random selection protocol and the
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number of samples was small; the purpose of this
survey was purely exploratory. We subjected
these cores to DNA extraction and B.
nobilissimus detection as described in Phase 3.

Results:

Phase 1, Field Method Trial

Of the ten quality control samples taken to test
the effectiveness of the increment borer cleaning
procedure, six were preceded by positive cores.
All six of the subsequent quality control cores
were negative. The cleaning method used
appears to be effective in preventing cross-
contamination between samples.

Cores from the trees sampled at different heights
represented two groups: cores from ground level
to 0.5 m above ground, and cores from 0.5 m to
1.5 m above ground. A greater proportion of
lower cores were positive (0.81) than the upper
cores (0.53), with the difference not quite
significant at a= .05 (P= .08, paired samples t-
test). Because all trees yielded a greater or equal
proportion of positive cores at the lower level,
and we found that coring at the high level alone
would have yielded a negative result for one of
the four positive trees, we decided to do all future
coring at the lower level.

If the fungus DNA is consistently present in the
outer part of the Bridgeoporus host trees, deep
sampling would not be necessary, saving
significant sampling time and effort. Of 17
positive trees sampled, 2 required the deepest
core piece to detect the B. nobilissimus
mycelium. Both of the trees that required the
deep cores for identification were live trees with
no conk present (N=6). Therefore, results
suggest that any testing program that samples
live trees with no conk requires full depth cores.
More testing on dead trees is needed before we
can say that full depth is not needed for these
trees, although in this study all positive dead
trees without a B. nobilissimus conk (N= 4) could
be identified as positive by the outer pieces of the

cores alone. All core samples taken in
subsequent phases of this study were full depth
cores.

If the mycelium of B. nobilissimus is
concentrated in the downhill side of trees, where
most conks appear, coring on the downhill side
would be a more effective sampling method than
an equally spaced distribution of samples. Our
data did not show any evidence that B.
nobilissimus mycelium was more likely to be
encountered on the downhill side of the tree, or
at any multiple of 90° from the downhill side, on
live trees or dead trees.

The maximum number of cores per tree taken in
our field methods trial was four. If positive trees
consistently had 2 or more cores that were
positive, we considered reducing the number of
cores taken per tree. Of the positive trees on
which four cores were taken below 0.5 m high on
the tree (N=16), the average number of positive
cores was 2.25 cores per tree, however eight of
the positive trees (50%) had just one positive
core. We conclude that reducing the number of
cores taken to three will significantly increase the
chances of missing the detection of a tree with B.
nobilissimus mycelium present.

Based on our results, we adopted the following
tree sampling protocol for the detection of B.
nobilissimus: A tree sample should consist of four
full depth cores, taken approximately 9o° apart,
within the bottom 0.5 m of the trunk.

We were able to detect B. nobilissimus DNA in
trees with no outward sign of its presence. Of the
five snags and stumps and eleven live trees whose
B. nobilissimus state was not known before
sampling, four snags and stumps and six live
trees tested positive for the presence of B.
nobilissimus mycelium.

Phase 2, Detection limit determination
Our testing indicated a detection limit of 0.2 mg
of infected wood in 1 g of wood (Table 6). This



Gordon & Van Norman. Abundance of Bridgeoporus nobilissimus. North American Fungi 10(3): 1-28 (0]

means that we should be able to reliably detect as
little as 4 mg of colonized wood in a typical 18 g
sample of four cores. This 4 mg of colonized
wood is equivalent to 0.3 mm of core length in a
typical 140 cm core sample (four cores). With
this in mind we decided that in future testing, all
four cores from a tree could be combined before
DNA extraction.

The two negative control samples both tested
negative, despite being processed immediately
after the batch with the highest concentration of
infected wood. Thus our equipment cleaning
protocol appears to be sufficient to prevent cross
contamination.

Phase 3, Stand surveys for B. nobilissimus

A total of 405 Abies trees (live and dead) and
stumps were sampled across the 6 sites at 9 conk
plots, 40 random tree plots, and 22 random
stump plots. Of the 405 trees, 86 tested positive
for B. nobilissimus. Broken down by species, 68
Abies procera (N=294), 5 Abies amabilis (N=41),
and 13 unknown individuals (undeterminable
because of advanced state of decay, but thought
to be Abies; N=70) tested positive.

Conk Plots

At each of the nine conk plots, which were
centered on a tree or stump with a B.
nobilissimus conk, the number of sampled trees
and stumps ranged from 6 to 277 (average 12.5).
Bridgeoporus nobilissimus DNA was detected in
trees or stumps at all plots, and was found in
living trees at seven of the plots. The two plots
where it was not found in live trees, Wildcat
Mountain plots 2 and 3, had only three and two
live Abies trees respectively. The percent
presence of B. nobilissimus among sampled trees
and stumps in the conk plots is shown in Table 7.
Bridgeoporus nobilissimus was detected in the
conk host tree or stump at each of these plots
except at locations where the conk was dead.
These included Gordon Meadows conk plot 1,
Wildcat Mountain conk plot 3, and at the single
Marys Peak conk plot.

The overall results in terms of species, DBH, and
live/ dead status is given in Table 8. Too few
samples were taken at each site to make a
meaningful comparison between sites for the
conk plots.

Random Tree Plots

The random tree plots were used to determine
the level of B. nobilissimus presence in trees (live
and dead) throughout four of the stands. B.
nobilissimus was found at 24 of 40 random tree
plots across the four stands. Marys Peak, with 9
out of g plots containing at least one tree with B.
nobilissimus, had the highest number of positive
plots. Gordon Meadows had the fewest with 2
out of 10, Snow Peak had 7 out of 10, and Wildcat
Mountain had 6 out of 11 positive plots. Aerial
photos of the study sites showing boundaries and
plot locations are shown in Figures 2- 5.

The survey data collected at each plot was used to
calculate the number of Abies trees per acre with
and without B. nobilissimus at each site (Table
9). Bridgeoporus nobilissimus was detected in
Abies trees as small as 26 cm in diameter, but 15
trees with a diameter less than 26 cm were tested
with a negative result. Table 10 presents the
testing results in terms of several parameters of
interest.

To determine if any of the variables in Table 10
were significant predictors of B. nobilissimus
colonization we ran a logistic regression analysis.
To correct for imbalances in the number of cases
of the different values of independent variables
(e.g., there were many more live trees sampled
than dead trees) we used Firth's bias adjustment
(Heinze and Schemper 2002) in the logistic
regression analysis. In this analysis (using the
variables live/dead, species, and diameter)
diameter was found to be the only significant
factor. However, we noted a confounding of the
variables diameter and site. Figure 3 shows the
DBH distribution of sampled trees at each site. It
is apparent from this figure that the effects of
diameter and site cannot be separated in this
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data, since Marys Peak had almost all of the
larger diameter trees, while Gordon Meadows
had only small diameter trees. To determine if
diameter or site was the driver of the B.
nobilissimus results, we also ran logistic
regression on the Marys Peak results alone, and
separately on the combined Wildcat Mountain
and Snow Peak results. These analyses both
showed that diameter was not a significant factor
in predicting the presence of B. nobilissimus.

Stump Plots/ Combined Plots

Of the 40 random tree plots, 24 included no
stumps, leaving 16 plots in which 49 stumps were
sampled. Ten of these stumps (20%) tested
positive for B. nobilissimus. The Gordon
Meadows area had been thinned three years
before sampling, and over half of all stumps
tested (27) were from Gordon Meadows. We
found at least one stump with B. nobilissimus in
the random plots at all four sites. The smallest
diameter stump that tested positive was 28 cm at
Wildcat Mountain. The largest diameter stump
that tested positive was 137 cm at Gordon
Meadows. B. nobilissimus was detected in 14% of
stumps smaller than the median diameter (58
cm), and in 38% of stumps larger than the
median diameter.

There were too few stump data to analyze on
their own, but we combined the stump and tree
data (Table 9) to provide an overview of the
occurrence of B. nobilissimus in stumps, snags,
and live trees in all four stands (Table 11). A
logistic regression analysis with variables of
species, live/dead, and their interaction revealed
no statistically significant factors.

At Marys Peak, B. nobilissimus was detected at
least once in each of the variable plots, indicating
a distribution throughout the stand.
Bridgeoporus nobilissimus was detected in a tree
as far away as 0.5 km from the conk host stump
at this site. At Wildcat Mountain, only 6 of 11
variable plots tested positive for B. nobilissimus.
However these 6 plots are distributed throughout

the stand rather than being clustered near each
other. No clustering of positive plots was noted
at any of the stands we studied (Figures 2- 5).

Phase 4, Non-Abies host testing

At the four sites where testing of non-Abies trees
was done (within 7 m of a B. nobilissimus conk),
B. nobilissimus was found in the wood cores of all
three non-Abies conifer species tested. Over the
four sites, 6 of 41 (average= .15) non-Abies trees
were found to host B. nobilissimus (Table 12).
The purpose of this testing was purely
exploratory, so no statistical analysis was
performed.

Discussion: In studies presented herein we
developed a PCR-based test to detect B.
nobilissimus in wood, optimized tree sampling
methods, determined the detection limit of our
test, and showed that B. nobilissimus is
detectable in live and dead trees throughout
forested stands containing a tree or stump with a
B. nobilissimus conk. We found that three
coniferous species unreported to bear a B.
nobilissimus conk contain detectable B.
nobilissimus mycelium. We also detected this
fungus in trees of a much smaller diameter (9
cm) than has been previously reported (Cooke
1949; Burdsall et al. 1996).

The life history strategy of B. nobilissimus
includes developing significant biomass within its
host before producing a large, long-lasting
basidiocarp capable of producing enormous
numbers of spores over many years. This K-type
strategy (MacArthur 1967) means that the
accurate assessment of B. nobilissimus
population levels is impossible using visual
methods (few basidiocarps produced), but is
achievable using PCR-based methods to test
wood samples for B. nobilissimus DNA (large
buildup of biomass within the host).

It is not known if B. nobilissimus is a pathogen, a
saprobe, or a commensal or mutualistic
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endophyte (Redberg et al. 2003). Visual surveys
indicated a prevalence of basidiocarps on dead
trees, suggesting a largely saprobic mode of
nutrition. However we found that the fungus has
a significant presence in living trees (22% of
those surveyed, Table 10). Many of the live trees
hosting B. nobilissimus mycelia were old and
robust, without any outward signs of stress.
Wood cores from these trees were sound with no
signs of internal decay, indicating that the fungus
is not necessarily producing decay within the
host.

There was little published information about how
best to optimize our field sampling. Similar
sampling had been conducted for early detection
of decay fungi in urban trees (Guglielmo et al.
2007; Guglielmo et al. 2010) but little description
of rationale for their sampling protocol was
provided. We opted to use manually-powered
increment borers rather than a drill (Guglielmo et
al. 2010), and found that although using
increment borers was time- and labor-intensive,
this approach provided wood samples that could
be handled without difficulty and easily kept free
of contamination while maintaining the integrity
of the mycelium. Furthermore, the increment
borers can be carried easily into forested stands
some distance from roads, and can be disinfected
in the field.

Our results from trees hosting B. nobilissimus
conks showed that it could reliably be detected in
the lowest part of the tree bole. However, the
distribution of the fungus within a tree is
typically not radially symmetric, and sampling
each tree from several directions is recommended
to increase the chance of intercepting the fungal
mycelium with the increment borer. We found
that the mycelium is not always present near the
perimeter of the tree, so ideally each core would
extend to the tree center. We settled on taking
four samples equally around each tree with 45 cm
increment borers as a balance between sampling
effectiveness and sampling time and effort.

The detection limit (0.2 mg of infected wood in 1
g of wood) meant that we could detect 0. 9 mg of
infected wood in one core, corresponding to 3.6
mg of infected wood in four combined cores.
Testing each core separately would only give
more information in cases where one core
included between 0.9 and 3.6 mg of infected
wood, and the three other cores did not include
any infected wood in an infected tree. We
decided that detecting 3.6 mg of infected wood in
four cores (0.3 mm of core in 140 cm) was
adequate and combined the four cores from each
tree prior to testing.

We purposely selected B. nobilissimus-containing
stands with a wide range of ecological
characteristics (Table 1) for our field study,
expecting that this would give us the most
expansive view of B. nobilissimus populations in
stands containing a B. nobilissimus conk. In the
four stands where randomly selected plots were
sampled, we can make inferences about B.
nobilissimus colonization levels in the entire
stand. Percentages of positive Abies trees and
stumps were 6% at Gordon Meadows, 9% at
Snow Peak, 24% at Wildcat Mountain, and 39%
at Marys Peak (Table 9). Marys Peak, the oldest,
least disturbed stand has the highest proportion
of trees with B. nobilissimus, while Gordon
Meadows, a young, heavily thinned stand has the
lowest proportion and the two intermediate aged
sites are between these two extremes. However,
the spatial density of positive Abies trees at each
site was less variable, ranging from 25 trees/ ha
(Snow Peak), to 61 trees/ ha (Marys Peak). The
spatial density of positive Abies trees at Gordon
Meadows (47 trees/ ha) was relatively close to
that of Marys Peak. In addition, our Phase 4
testing showed that non-Abies trees are capable
of hosting B. nobilissimus. This means that sites
with a significant component of non-Abies
conifers, such as Wildcat Mtn. and Snow Peak,
likely have a higher density of B. nobilissimus
than we measured in this study.
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In designing the field testing program we chose
B. nobilissimus-containing stands of a significant
size (18 to 37 ha) in order to see spatial patterns
and limits on the extent of the B. nobilissimus in
these stands. However, when presence of B.
nobilissimus was plotted at the stand level, no
strong spatial pattern emerged and we could not
define an edge to the B. nobilissimus populations
at any of the sites. Bridgeoporus nobilissimus
was present at low to moderate levels at each
location, but dispersed throughout, and possibly
beyond, each stand.

With common root rot fungi such as Phellinus
weirii (Childs 1963; Bloomberg and Reynolds
1982) and Armillaria species (Worrall 1994),
infected trees or stumps act as disease centers
which infect neighboring trees through root
contact and the fungus expands through stands
from these centers. This process does not appear
to drive the spread of B. nobilissimus. Our
individual plot maps (Figure 7) show that the
positive Abies trees are scattered within plots,
with positive trees adjacent to negative trees in
no discernible pattern. It is unclear how B.
nobilissimus “infects” and develops in its host
tree. Spores falling on tree wounds may
germinate to establish the fungus within trees, or
spores may be carried into trees while attached to
wood boring insects such as bark beetles
(Wermelinger 2004; Persson et al. 2011).
Alternatively, the fungus may be widely present
in the root systems of trees in the stand, only
occasionally moving up into the above-ground
portion of trees.

Since Bridgeoporus nobilissimus conks are
typically found on large diameter trees and
stumps, we expected we would be more likely to
detect B. nobilissimus in large diameter trees.
We could not analyze the entire data set for the
effect of tree size on the probability of detecting
B. nobilissimus due to a confounding of tree size
with site (Figure 3). However, when we looked at
subsets of the data (Marys Peak; combined Snow
Peak and Wildcat Mtn.), we could not find a

relationship between diameter and B.
nobilissimus detection. Data from these sites do
not seem to support a relationship between host
size and the probability of B. nobilissimus
detection. One sampling issue that relates to this
finding is the change in the proportion of tree
volume sampled as tree diameter changes. Since
total volume to be sampled increases with the
square of diameter while sample volume remains
approximately constant over all diameters, we
sample a much larger proportion of the total
volume with small diameter trees than we do
with trees of larger diameter. Thus our ability to
detect the fungus in small diameter trees is
higher than our ability with large diameter trees,
a factor that might hide a positive relationship
between tree diameter and B. nobilissimus
presence.

Bridgeoporus nobilissimus conks most
frequently occur on snags or stumps, however we
found no statistically significant relationship of B.
nobilissimus presence with dead trees. We
suspect that B. nobilissimus conks are produced
disproportionately on snags and stumps because
the exhaustion of resources in these hosts
triggers the production of a basidiocarp as a
means of dispersal.

Only one B. nobilissimus conk has been reported
from A. amabilis (from the Olympic National
Forest), and our PCR-based results confirm that
A. amabilis is an infrequent host of B.
nobilissimus; we found only four B. nobilissimus-
positive A. amabilis trees in Washington (three at
Asahel Curtis and one at Rainier NP) and one in
Oregon.

Our testing of non-Abies trees in stands
containing Abies trees with B. nobilissimus
determined that T. heterophylla, P. menziesii and
T. plicata host this fungus. Because there are no
confirmed reports of conks on non-Abies species,
our findings significantly increase the host range
of B. nobilissimus. Our small non-Abies sample
size does not allow us to estimate the extent of B.
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nobilissimus colonization of non-Abies trees.
Also, in the four stands we sampled extensively,
we were not able to determine the spatial extent
of the B. nobilissimus populations because of the
dispersed nature of B. nobilissimus colonization.
These limitations of our study suggest that
further work is needed to determine the range
and incidence of B. nobilissimus over the western
Oregon forested landscape and beyond.
Consequently we have undertaken a landscape-
scale survey for B. nobilissimus in trees using the
same techniques described here.
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Table 1. Description of all sites used in this study.

National Forest

Site Land Latitude /
3 *
Name County State Administrator Longitude Forest Type
Siuslaw National 44.508/ 150-200 year old Abies
Marys Peak Benton Oregon Forest -123.553 procera forest
. Salem District 44.629/ 100-year old mixed conifer
Snow Peak Linn Oregon BLM 199601 forest
Salem District 45.137/ 0Old growth mixed conifer
Goat Mtn. Clackamas Oregon BLM 122.287 forest
Gordon . Willamette 44.361/ 50—fyear. 011 d n;)apaged stand
Meadows Linn Oregon National Forest -122.309 of main y A ies procera
’ thinned in 2006
South Fork Clackamas Oregon Mt. Hood 45.088/ Old growth mixed, multi-
Min. 8 National Forest -122.232 aged conifer forest
. 65-year old mixed conifer
Wildcat Mt. Hood 45.317/ . .
Min. Clackamas Oregon National Forest 199,080 stand, hlst];)ry qf logging and
urning
.. Old growth Tsuga
Mt. Rainier Pierce Washington le,;'oizir;:;k ?16217{;% heterophylla/Abies amabilis
’ forest
Mt. Baker- . .
Asahel . . . 47.396/ 0Old growth mixed, multi-
Curtis King Washington Snoqualmie -121.477 aged conifer forest

*WGS 1984
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Figure 1. Study site locations.

tion by site.

Table 2. Phase 1 survey informa
Dead/ Live Dead/ Live Trees
Site Name Trees with without conk
conk sampled sampled
Snow Peak 1 1/ 2 o/ o
Snow Peak 2 1/ 0 3/ 2
Gordon Meadows 2/ 0 0o/ 4
Goat Mtn. 1/1 1/ 2
South Fork Mtn. o/1 1/ 3
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Table 3. Primers used in this study.

Primer Sequence

Product length with Bn215-118

(bp)
Bn215-118 ATGTGCTCGTTGCCCTTGAC -
Bn217-190 AGTTGTCCGAAGACGATTAG 550
r4 TTCATCGATGCGAGAGCC 238

Table 4. Phase 3 survey sites and stand size. Extensive sampling includes all three strata (described in

text).

Site Name Sta?}iia?ize Number (;i; ;ﬁgks within Type of sampling
Gordon Meadows 37 2 Extensive
Marys Peak 24 1 Extensive
Snow Peak 19 1 Extensive
Wildcat Mtn. 18 3 Extensive
Asahel Curtis n/a Conk plot only
Mt. Rainier n/a 1 Conk plot only

17
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Figure 3. B. nobilissimus presence and absence at conk and random tree plots at Gordon Meadows study

area.
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Figure 5. B. nobilissimus presence and absence at conk and random tree plots at Snow Peak study area.



Table 5. Sites, conifer species, and number of non-Abies trees sampled.

Pseudotsuga

Site Name menziesii Tsuga heterophylla Thuja plicata
number sampled number sampled
number sampled
Asahel Curtis 4 5 p
Mt. Rainier 4 4 n/a
Snow Peak 4 4 n/a
Wildcat Mtn. 4 4 4

n/a indicates species not available at the site

Table 6. Results of detection limit testing.

Colonized wood
concentration
(mg colonized
wood/ g total)

Positive
subsamples
(out of 4)

9.0
4.5
2.2
1.1
0.3
0.2

[ S W= N N SN SN N

0.1

0.07

o
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Table 7. Results of testing for B. nobilissimus DNA in conk plots.

Site

Number of trees & Percent of trees/stumps with

stumps tested B. nobilissimus present

Gordon Meadows 1
Gordon Meadows 2
MBS-Asahel Curtis
Marys Peak
Mt. Rainier
Snow Peak
Wildcat Mountain 1
Wildcat Mountain 2

Wildcat Mountain 3

14

12

8

27

7

14

17

21.4
8.3
50

18.5

57.1

35.7
17.6
16.7

12.5

Table 8. Results of testing for B. nobilissimus DNA in 114 trees in nine conk plots.

Percent of

Number of trees

Variable Parameter trees/stumps with B. & stumps tested
nobilissimus present p
Live 23% 71
Live/ Dead Dead 28% 43
Abies procera 27% 82
Host Species Abies amabilis 20% 20
Unknown Abies 17% 12
DBH< median* 15% 57
DBH Class DBH> median* 34% 57

* Median= 57 cm




Table 9. Calculated number of Abies trees with and without B. nobilissimus in stands containing at
least one B. nobilissimus conk.

Abies without B. Abies with B. Average proportion of
Site nobilissimus nobilissimus Abies trees with B.
(Trees/ha + std. error) (Trees/ha + std. error) nobilissimus in plots
Gordon Mdws. 739 + 168 23 +18 .060 £ .047
Marys Peak 145 £ 57 54 £ 10 .42 + .08
Snow Peak 190 £ 70 19+ 8 .085 +.024
Wildcat Mtn. 101 + 29 21+ 8 .22+ .095

Table 10. Combined random tree plot data for all four sites (Abies sp. only).

Parameter Total number
Variable Value trees sampled % Positive
N)
] Live 220 22%
Live/ Dead Host
Dead 22 5%
Abies procera 212 22%
Host Species Abies amabilis 21 5%
Unknown Abies 9 11%
DBH< median 121 8%
DBH Class
DBH> median 121 31%
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Figure 6. Size distribution of sampled trees at each site. Filled red circles represent trees with B.
nobilissimus, open blue diamonds represent trees without detectable B. nobilissimus.

Table 11. Combined results for Abies live trees, snags, and stumps in stands containing at least one

B. nobilissimus conk.

Average proportion of

Abies without B. Abies with B. .
. e s e e Abies trees, snags, and
Site nobilissimus nobilissimus stumps with B
(#/ha * std. error) (#/ha = std. error) nobilissimus in plots

Gordon Mdws. 876 + 180 47 + 27 .056 + .040

Marys Peak 171 + 56 61 +12 .39 + .08

Snow Peak 220 + 100 25 + 13 .087 £ .024
Wildcat Mtn. 125 + 37 35+ 14 .24 + .17




Table 12. Proportion of non-Abies trees with detected B. nobilissimus

Asahel Curtis 0.23 0 0.4 0.25
Mt. Rainier 0.13 0] 0.25 n/a
Snow Peak 0.13 0.25 0] n/a

Wildcat Mtn. 2 0.08 o) 0] 0.25
Average 0.15 0.06 0.16 0 .25
Figure 7A-1

B. nobilissimus presence and absence in sampled trees in each of the conk plots. Each circle marks the
location of a sampled tree, snag, or stump. A triangle marks the location of the tree or stump with the B.

nobilissimus conk.
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Figure 7D Note: two B. nobilissimus conks present at this site
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