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a b s t r a c t
Phellinus tremulae is an important fungal decay agent common to aspen and a critical component to the
cavity-nesting bird complex found in western aspen stands. Little information exists on the conditions
that facilitate infection and spread of P. tremulae in aspen forests. I used Forest Inventory and Analysis (FIA)
data to explore the relationships of several tree and stand characteristics to the presence and frequency of
P. tremulae in aspen measured across several western states of the United States. Results suggest a strong
relationship between tree age, tree diameter, and compacted crown ratio with infection frequency in
trees while stand purity, canopy cover and stand age had a positive relationship with the occurrence of P.
tremulae in forest stands containing aspen. Logistic regression modeling identiﬁed stand age as the only
variable that increased the odds of predicting infection at the stand-level while all tree-level variables
were included in the tree model. Data also show that infection rates in the study area were lower than
in other parts of aspen’s range, and that average size of infected trees was smaller in the study area
than those reported elsewhere. These results have important implications to management of aspen for
wildlife, especially for birds that use decayed aspen for nesting.
Published by Elsevier B.V.

1. Introduction
Aspen (Populus tremuloides) is the most widely distributed tree
species in North America and provides important habitat to a variety of organisms (Little, 1971; Debyle and Winokur, 1985). Aspen
has been shown to be important habitat for breeding birds especially in the western contiguous United States, where it often
provides food, cover, and nesting habitat disproportionate to its
frequency on the landscape (Winternitz, 1980; Dobkin et al., 1995;
Schieck et al., 1995; Hollenbeck and Ripple, 2008). Many of the bird
species that breed in aspen forests are part of a system involving
primary-cavity excavators, secondary-cavity-nesters, and aspen
infected with the fungus Phellinus tremulae (Winternitz and Cahn,
1983; Daily et al., 1993; Martin and Eadie, 1999; Hart and Hart,
2001). P. tremulae causes white trunk rot (heartrot) in the trunk
and stem of a tree without immediately killing it (Hiratsuka and
Loman, 1984; Jones and Ostry, 1998). Although the speciﬁc mode
of infection is not well understood, damage caused by natural pruning, animals, impacts from falling trees, and weather may facilitate
infection (Basham, 1958; Hiratsuka, 1987). Infected aspen trees
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are sought out by several species of primary-cavity-nesting birds,
some of the most important in the western United States being
Red-naped sapsuckers (Sphyrapicus nuchalis) and Northern ﬂickers (Colaptes auratus) (Crockett and Hadow, 1975; Winternitz and
Cahn, 1983; Hart and Hart, 2001). These birds excavate new nest
cavities throughout their life, often in the same tree, leaving old
cavities for secondary-cavity-nesters to occupy (McClelland et al.,
1979; Loeb, 1993; Newton, 1994; Sedgwick, 1997).
In Ontario, Canada Basham (1958) found the frequency of P.
tremulae in aspen stands was related to tree age. Hiratsuka and
Loman (1984) found a similar relationship in Alberta, Canada. However, few studies have investigated the relationship between stand
and tree characteristics and the presence of P. tremulae in live trees
in the western United States, where site characteristics can vary
greatly from those in the northern and eastern extent of aspen’s
range. Since the presence of aspen trees infected by P. tremulae is a
critical component of cavity-nesting bird communities, it is important for forest and wildlife managers to know what factors inﬂuence
the frequency and extent of the fungus. Knowing what tree and
stand characteristics are associated with P. tremulae can help predict where habitat might be lost or gained depending on naturally
changing forest conditions. Stand treatments and other management practices could also be used to promote or maintain fungal
activity. This information can then help land managers increase or
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maintain potential habitat for cavity-nesting birds in aspen stands
in the western United States.
I explored the relationship between aspen and P. tremulae in
eight western states by comparing aspen tree and stand characteristics where the fungus is present to those where it is not found. I
used Interior West Forest Inventory and Analysis (IW-FIA) data to
test whether certain tree and stand characteristics can predict the
presence or frequency of P. tremulae. I tested whether age, diameter, or compacted crown ratio of aspen trees ≥2.54 cm diameter at
breast height (1.40 m) (DBH) infected with heartrot differed from
non-infected trees. To assess the potential value of external ocular cues to infection, I compared ages of trees showing external
signs of infection (conks) to infected trees that showed no external signs. I also tested for differences in stand purity, stand age,
crown cover and site quality between infected and uninfected forest stands containing aspen trees. I tested the hypothesis that where
stand characteristics reﬂect higher quality sites for aspen growth,
the incidence of infection would be higher. I hypothesized that
older stands would be more prone to infection because of greater
temporal opportunity for the fungus to infect suitable host trees.
Stands of higher aspen purity were predicted to have higher rates
of infection because close proximity to other trees increased opportunity for infection. I also tested the hypothesis that tree age and
diameter would be higher in the infected population based on
previous ﬁndings (Basham, 1958). I discuss ﬁndings as they pertain to the cavity-nesting bird community in the western United
States.
2. Methods
2.1. Forest inventory and analysis program
The Forest Inventory and Analysis (FIA) program of the Forest
Service, U.S. Department of Agriculture, is responsible for assessing the status and trends of all forested lands in the U.S. (Gillespie,
1999). The national FIA program conducts inventory on all forested
lands of the U.S. using a nationally standardized plot design at an
intensity of approximately one ﬁeld plot (roughly 0.4 ha in size)
per 2388 ha (USDA, 2007). Plots in each annual panel are distributed
evenly across each state so as to be free of geographic bias. The Interior West region of FIA is responsible for data collection and analysis
in Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah,
and Wyoming. Under the annual inventory protocol, approximately
10% of plots from the full sample set in a state are measured each
year. FIA data have been used to quantify potential habitat and
evaluate habitat quality for a variety of western wildlife species
(Zielinski et al., 2006; Welsh et al., 2006; Witt, 2009). Here I used
IW-FIA data gathered across the Interior West region under the current annual inventory program. In the cases where methodologies
were similar to annual inventories, past periodic inventory data
was used as well.
2.2. Tree- and stand-level attributes
I used tree and plot data collected between 1979 and 2008. Tree
and plot data were gleaned from all eight states in the Interior West
FIA region. Aspen trees that had all variables measured were used
for the tree-level analysis. Stand data came from those plots where
aspen trees contributed 50% or greater of the total basal area. Infection of individual aspen trees was determined by locating external
fruiting bodies of the fungus on the bole and detecting internal rot
from boring the tree. I tested whether age, diameter, and compacted
crown ratio of trees ≥2.54 cm diameter at breast height (1.40 m)
(DBH) infected with heartrot differed from non-infected trees. The
data set contained 13,706 trees for the tree-level analyses. Tree
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age was measured by counting growth rings from a core sample
extracted from the tree at 1.40 m above ground level. Where the
tree was too young to take a core, the number of branch whorls
(locations on a tree where branches originate) was counted to estimate age. Tree diameter was obtained by measuring the diameter
of the tree bole with a tape measure at 1.40 m above ground level.
Compacted crown ratio was expressed as the percent of the tree
bole supporting live foliage when compared to the total height
of the tree (Miles et al., 2001). A tree with excess branch pruning would have a small compacted crown ratio and comparatively
more potential infection sites. Compacted crown ratio was ocularly
estimated by ﬁeld crews. There were 2709 trees used for comparing tree ages and diameters with external (n = 1445) and internal
(n = 1264) signs of infection.
There were 1.397 plots used for the stand-level analyses. Of
these, 869 had infection detected on the plot while 528 had no
infection detected on them. Stand age was determined by averaging the live tree ages in the predominant size-class of the plot
(Miles et al., 2001). Crown cover on a plot was estimated by the
point-intercept method described in USDA (2007). Site quality was
measured by using the IW-FIA cubic foot mean annual increment
measurement (MAICF) of a plot. MAICF is an incremental growth
rate that generally reﬂects soil moisture and other site quality metrics. This data was gathered by measuring tree ring growth over
time. Ten years of tree ring growth are measured and the average growth per year calculated. This information is then entered
into an algorithm that incorporates other stand data to produce
a value (USDA, 2007). MAICF is reported here as m3 ha−1 year−1 .
Purity is deﬁned as the percentage of basal area (m2 ) of all live
trees ≥2.54 cm DBH on the plot that came from aspen trees.
I performed a stepwise logistic regression on both tree and
stand-level variables to identify which suite of characteristics bestpredicted heartrot infection. Using the variables described above,
a four-predictor logistic model was ﬁtted to the stand-level data
while a three-predictor model was tested for the tree-level data.
Tree age, tree diameter, crown ratio, crown cover, MAICF, stand age
and stand purity data were also tested individually using one-way
ANOVAs (Zar, 1996). Detailed methods of all tree and stand data
collection are described in USDA (2007). All statistical procedures
were performed using SAS software (Ver. 9.02, SAS Institute, Cary,
NC).

3. Results
3.1. Tree-level characteristics
Tree ages ranged from 6 to 292 years (mean ± SD = 74.7 ± 34.6).
Infected aspen trees were older than uninfected aspen
trees (Table 1). Tree diameters ranged from 2.54 to 72.9 cm
(mean ± SD = 19.6 ± 10.4). Diameters of infected aspen trees were
larger than those of uninfected aspen trees (Table 1). Compacted
crown ratios ranged from zero to 90% (mean ± SD = 28.7 ± 13.8).
Ratio distribution showed differences between groups (Table 1).
The average age of infected trees showing no external signs of
heartrot (fungal conks) was younger than the mean age of trees
having conks detected on their stems (F(1, 268) = 46.76, P < 0.0001)
(Fig. 1). The average diameter of infected trees showing no external
signs of heartrot (fungal conks) was smaller than trees having
conks detected on their stems (F(1, 675) = 52.29, P < 0.0001) (Fig. 2).
I found 9% of aspen trees had fungal conks observed on their stems,
with 2% of all aspen trees showing no external signs of infection
but having heartrot detected though bore samples, for an 11%
infection rate overall.
The best ﬁtting stepwise multiple logistic regression model indicated the odds of an aspen tree having heartrot was positively
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Table 1
Tree and stand characteristics of infected and uninfected aspen trees in the Interior West, 1979–2008. F and P values are derived from ANOVAs. All effects were considered
signiﬁcant at P ≤ 0.05.
Characteristics

Infected
n

Stand
Crown cover (%)
MAICF (m3 ha−1 year−1 )
Purity (% of basal area)
Stand age (years)
Tree
Age (years)
DBH (cm)
Compacted crown ratio (%)

Uninfected
Mean

Median

SD

417
1.180
392
417

52.75
2.75
48.99
85.52

51.00
2.59
44.76
85.00

19.65
1.34
34.00
40.24

660
3.023
2231

78.61
21.21
26.60

77.00
20.07
25.00

37.75
9.29
12.81

n

F (df = 1)

P

Mean

Median

SD

417
773
392
417

49.68
2.53
31.64
79.67

50.00
2.31
17.85
80.00

21.17
1.33
33.36
41.32

4.72
16.53
52.11
4.28

0.0301
<0.001
<0.001
0.0388

660
3,023
2,231

74.37
17.89
26.89

71.50
17.02
25.00

32.41
8.31
13.74

4.80
213.66
0.53

0.0286
<0.001
0.4660

3.2. Stand-level characteristics

Fig. 1. Box plot comparison of age distribution between trees having fungal
conks present and those with no external signs of fungal infection. Whisker endpoints represent maximum and minimum observations above and below 1.5 * the
InterQuartile range (75–25th percentile); edges of box represents the 25th (bottom)
and 75th (top) percentiles; notches represent the 95% conﬁdence intervals of the
medians, plus signs represent the sample mean; hollow squares represent outliers,
horizontal lines between notch midpoints represent the sample median.

related to tree age, diameter, and compacted crown ratio, with tree
diameter contributing more to the probability of infection than the
other variables (Table 2). However, the predictive power of the best
model was only slightly better than chance.

Fig. 2. Box plot comparison of diameter distribution between trees having fungal conks present and those with no external signs of fungal infection. Whisker
endpoints represent maximum and minimum observations above and below 1.5 *
the InterQuartile range (75–25th percentile); notches represent the 95% conﬁdence
intervals of the medians, plus signs represent the sample mean; hollow squares
represent outliers, horizontal lines between notch midpoints represent the sample
median.

Stands having at least 50% of their tree basal area composed
of aspen ranged from 50 to 100% pure (mean ± SD = 83.0 ± 17.3).
Purity scores of infected plots did not differ from uninfected
plots (Table 1). Crown cover ranged from 1% (recent disturbance) to 99% cover (mean ± SD = 51.87 ± 22.15). Crown cover of
infected plots did not differ from uninfected plots (Table 1). Stand
age ranged from zero to 155 years old (mean ± SD = 68.7 ± 31.6).
Mean age of infected plots was greater than uninfected plots
(Table 1). MAICF scores ranged from 0.07 to 12.17 m3 ha−1 year−1
(mean ± SD = 2.70 ± 1.34). MAICF in infected aspen stands was
greater than in uninfected stands (Table 1).
The stepwise multiple logistic regression model for stand-level
variables indicated that the best predictive model include only
stand age. This model has a positive relationship with the probability of heartrot infection (Table 2). No other stand-level variable
contributed signiﬁcantly to the model. The stand-level model using
stand age alone predicted a 1 year increase in stand age increased
the odds of a stand being infected by 1.01 times.

4. Discussion
Results of the present study are in general agreement with the
earlier ﬁndings of Basham’s (1958) Ontario research that suggested
age and diameter had positive relationships with both incidence
and total volume of infected trees. However, the frequency of infection in western aspen trees (11%) is lower than that found in the
northeast (Basham, 1958) and Midwest estimates (Jones and Ostry,
1998). Jones and Ostry found that 14% of 295 destructively sampled
trees in a Minnesota study had P. tremulae conks. They also reported
that 55% of infected trees showed no external signs of infection by
any decay agent. The authors did not report the proportion of these
trees that were infected by P. tremulae and not some other agent.
Basham (1958) conducted destructive sampling on 1754 trees and
found P. tremulae decay in 63% of the sample. In the present study,
FIA crews identiﬁed infected trees by external conks found on stems
and by boring trees at breast height. While all tallied Trees 2.54 cm
or greater DBH were inspected for conks, comparably fewer trees
were bored on a plot. Only one tree for each size-class encountered
on a plot is bored. These trees are chosen based on how well they
represent the overall condition of the trees in their respective sizeclass. Therefore, FIA procedures may underestimate the frequency
of infection because no destructive sampling is conducted, not all
trees are bored, and not all infected aspen have heartrot at the location the sample is extracted from (1.40 m above the base of the tree).
The two studies noted above sampled trees 12.7 cm or greater DBH
while I used data from all sampled trees 2.54 cm or greater DBH.
Since it appears age and diameter have a positive relationship with
infection rate, the inclusion of smaller and younger trees in a sam-
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Table 2
Logistic regression analysis of tree- and stand-level variables as predictors for the presence of heartrot infection.
Predictor variable

df

Estimate

SE

Wald’s x2

P

Odds ratio

Tree-level
Intercept
Diameter (cm)
Age (years)
Crown ratio (%)

1
1
1
1

−1.9938
0.0083
0.0031
0.0066

0.0768
0.0030
0.0009
0.0016

673.3557
7.5126
11.3916
17.4650

<0.0001
0.0061
0.0007
<0.0001

–
1.0080
1.0030
1.0070

−0.2473
0.0112

0.1374
0.0019

3.2404
36.3949

0.0718
<0.0001

–
1.0110

Somers’ D
Gamma
Tau-a
c (AUC)

0.109
0.111
0.035
0.555

Percent concordant
Percent discordant
Percent tied

59.7
39.1
1.2

Stand-level
Intercept
Stand age (years)

1
1

Percent concordant
Percent discordant
Percent tied

54.6
43.6
1.8

Somers’ D 0.207
Gamma 0.209
Tau-a 0.097
c (AUC) 0.603

ple could produce smaller infection estimates than those sampling
only larger aspen trees. For these reasons, the frequency estimates
reported here should be considered conservative in comparison.
Average diameter of infected trees in study area was smaller
than what has been reported to be preferred by cavity-nesting birds
in aspen in British Columbia (Merkens and Booth, 1998; Steeger
and Dulisse, 2002; Aitken and Martin, 2004) and Wyoming (Hart
and Hart, 2001). But similar to the results of other aspen studies
conducted in Colorado (Crockett and Hadow, 1975; Winternitz and
Cahn, 1983), and Southeast Oregon (Dobkin et al., 1995) (Table 3).
None of the studies listed in Table 3 quantiﬁed production of nesting pairs so it is unclear whether nesting in larger trees results in
higher productivity. Larger trees might provide better security from
predators (Kilham, 1971; Harestad and Keisker, 1989; Jackson and
Jackson, 2004), higher residency time before the tree decays and
falls down (Steeger and Dulisse, 2002), and better thermal insulation than smaller trees (Joy, 2000).
The results of Daily (1993) suggest tree diameter did not matter as much as tree height and the presence of infected heartwood
for Red-naped sapsuckers in Colorado. Keisker (1987) and Savignac
and Machtans (2006) both showed that presence of a fungal conk
(an indicator of heartrot) was the best indicator of nest tree quality
in British Columbia. Trees with fungal conks in my study were older
and larger than infected trees without conks (Figs. 1 and 2, respectively). However, many of the trees showing no external signs of
infection were large enough to meet the reported preferences of
many cavity-nesting birds (Fig. 2). Although studies in New Hampshire (Kilham, 1971) and Colorado (Winternitz and Cahn, 1983)
show that some cavity-nesting birds use the presence of a fungal conk as an indicator of suitability, less is known about how
often aspen with no external signs of infection are utilized. Heartrot
might be present for many years, perhaps decades, before fungal
conks form and provide an ocular cue to infection (Jackson and
Jackson, 2004). Cavity-nesting species that employ no other means
to ﬁnd suitable trees for excavation might be underutilizing this
portion of the aspen population. In contrast, those species which
create “exploratory” excavations or that peck on trees that have no
external signs of heartrot (Conner et al., 1976) may have a competitive advantage over those that do not employ such behavior. There
are obvious thresholds to how small a tree can be effectively used
as a nest cavity, regardless of a bird’s willingness to attempt excavation. A nest cavity must be large enough to accommodate one or
both parents, and their offspring (Jackson and Jackson, 2004). Even
so, these results indicate that smaller diameter trees infected with
heartrot may not be utilized to the fullest extent possible. Further

research into which species use visual cues exclusively and which
use a suite of techniques would be valuable.
If the presence of heartrot in aspen is paramount in importance when cavity site selection is made, then minimum diameters
might not be the best guide for management decisions. Bunnell
et al. (2002) suggest that since nest tree diameters selected by
cavity-nesting birds in the Paciﬁc Northwest had long-tailed distributions, medians should be used to detect central tendencies of
tree selection. They note that using minimum diameters fails to
take central tendency into account. In the present study mean and
median diameter values for western aspen are similar (Table 1) and
selection of one over the other would not likely change the effectiveness of a management decision for the entire region. There may
be intra-regional differences in these values that should be identiﬁed before using these results for management on smaller scales.
Unfortunately, most studies do not report median tree diameters
so comparisons to other investigations are difﬁcult.
In many parts of the west, aspen has experienced declines, dieoff, and encroachment from conifer species (Kay, 1997; Bartos and
Campbell, 1998). Many land managers and researchers are calling
for the treatment of large areas of aspen “invaded” by conifers by
removing conifers from the stand. Removing conifers from mixedspecies stands to promote aspen persistence could create better
conditions for P. tremulae infection in these stands. This would
allow aspen trees to persist longer, thus providing more opportunities for heartrot to decay trees, which would provide more
cavity sites and higher temporal availability of snags. However,
these treatments could have detrimental impacts to birds such as
Williamson’s sapsuckers because they require nearby conifers for
foraging during the breeding season (Crockett, 1975; Sousa, 1983;
Smith, 1982; Conway and Martin, 1993). The aspen die-off phenomenon in the west coupled with suppressed recruitment might
also create temporal gaps of suitable sized and aged trees for many
cavity-nesters (Hollenbeck and Ripple, 2008), leaving only smaller
and younger trees as options in some areas. Birds might be able to
shift their preferences to smaller infected trees without a loss in
productivity. However, we could still expect constrictions of nest
tree availability knowing that larger and older trees appear to have
higher infection rates.
The multiple logistic regression modeling exercises indicated
that all tree-level variables were positively related to the probability of infection (Table 2). However, the AUC (area under the
curve) score of 0.555 indicates that this might not prove very useful
from a management perspective. The stand-level model indicated
stand age as the only signiﬁcant predictor of heartrot infection. This
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Table 3
Diameter measurements of nest tress for various western cavity-nesting birds reported in the literature. The results of this study are listed on the top for comparison. All
values are in centimeters.
Mean DBH

Min. DBH

Infected aspen in interior west

21.2
27.4
31.2

2.5
–
–

Red-naped sapsucker (Sphyrapicus
nuchalis)

36.5

Pct of all IW
aspen ≥ Min.
DBH

Pct of
infected IW
aspen ≥ Min.
DBH

Source

Location

72.9
–
–

–
–
–

–
–
–

This study
Dobkin et al. (1995)
Martin et al. (2004)

14.0

74.0

71.1

80.0

–
–

23.0
27.0

–
–

24.3
13.6

37.1
23.6

Steeger and Dulisse
(2002) b
Hart and Hart (2001)
Keisker (2000)

29.1
31.9

–
19.8

–
48.7

–
37.4

–
51.1

Dobkin et al. (1995)
Keisker (1987)

34.7

–

–

–

–

Martin et al. (2004)

37.3

–

–

–

–

39.9

25.4

63.5

17.6

28.7

Aitken and Martin
(2004)
Flack (1976)

–

30.0

–

8.5

16.4

Keisker (2000)

27.6
29.2

17.4
20.3

44.5
40.6

49.5
35.2

62.7
48.8

Keisker (1987)
Flack (1976)

–

27.0

–

13.6

23.6

Keisker (2000)

25.0
25.1

–
15.2

–
30.4

–
63.9

–
74.6

McClelland et al. (1979)
Flack (1976)

26.3

19.1

31.4

39.8

53.5

Keisker (1987)

–
–

15.2
30.0

–
–

–
–

–
–

Thomas et al. (1979)
Keisker (2000)

41.3
23.5

20.1
18.0

103.5
32.4

35.2
46.5

48.8
60.0

23.2

–

–

–

–

Newlon (2005)
Crockett and Hadow
(1975)
Martin et al. (2004)

IW USAa
Southeast Oregon
British Columbia,
Canada
British Columbia,
Canada
Wyoming
British Columbia,
Canada
Southeast Oregon
British Columbia,
Canada
British Columbia,
Canada
British Columbia,
Canada
IW Canada and IW
USAc
British Columbia,
Canada
British Columbia, CAN
IW Canada and IW
USAc
British Columbia,
Canada
Montana
IW Canada and IW
USAc
British Columbia,
Canada
Oregon
British Columbia,
Canada
Southern Idaho
Colorado

–
–
24.9

23.0
30.0
–

–
–
–

24.3
8.5
–

37.1
16.4
–

Hart and Hart (2001)
Thomas et al. (1979)
Martin et al. (2004)

–

30.0

–

8.5

16.4

Keisker (2000)

House wren (Troglodytes aedon)

27.6
31.0

–
15.2

–
50.8

–
63.9

–
74.6

Dobkin et al. (1995)
Flack (1976)

Mountain bluebird (Sialia currucoides)

27.4
31.3

–
–

–
–

–
–

–
–

Dobkin et al. (1995)
Martin et al. (2004)

34.3

20.3

76.2

35.2

48.8

Flack (1976)

29.2

20.3

63.5

35.2

48.8

Flack (1976)

30.2
32.1

–
–

–
–

–
–

–
–

Northern ﬂicker (Colaptes auratus)

Hairy woodpecker (Picoides villosus)

Downy woodpecker (Picoides
pubescens)

Lewis’ woodpecker (Melanerpes lewis)
Williamson’s sapsucker (Sphyrapicus
thyroideus)
Red-breasted nuthatch (Sitta
canadensis)

Mountain chickadee (Poecile gambeli)

Tree swallow (Tachycineta bicolor)

Max DBH

Dobkin et al. (1995)
Aitken and Martin
(2004)

British Columbia,
Canada
Wyoming
Oregon
British Columbia,
Canada
British Columbia,
Canada
Southeast Oregon
IW Canada and IW
USAc
Southeast Oregon
British Columbia,
Canada
IW Canada and IW
USAc
IW Canada and IW
USAc
Southeast Oregon
British Columbia,
Canada

a

Interior West: Includes Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming.
Results of Steeger and Dulisse (2002) included various primary excavators, the majority of which were S. nuchalis. Minimum and Maximum values are estimated from
author’s ﬁgures.
c
Includes IW states, Alberta, Saskatchewan, and one site in California.
b

model’s AUC score of 0.603 suggests it would be slightly more useful to a manager who is interested in modeling infection probability
on a large spatial scale than the model using tree-level variables
(Table 2).
Although site productivity based on MAICF score was higher
in infected stands, this variable did not contribute signiﬁcantly to
the regression model. Although the statistical analysis shows dif-

ferences between infected and uninfected stands, this difference
might not be enough to have practical applications for management
of cavity-nesting birds. The positive relationship between MAICF
and infection rate might be partially explained by larger (and older)
trees present on higher quality sites but soil moisture and chemistry
could play a role as well. The fact that MAICF is a metric that reﬂects
unmeasured physical and chemical attributes of the plot makes
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it difﬁcult to discern what factors are inﬂuencing the frequency
of heartrot in this case. Future research that explores how microclimate affects P. tremulae would help address these unanswered
questions.
5. Conclusions
Infection of aspen by P. tremulae occurred more often in older
and larger trees and in older stands with higher productivity. From
a forest management perspective the results of these analyses provide mixed and sometimes conﬂicting information. Stand age, tree
age, tree diameter and MAICF score could be used to some extent
to predict heartrot infection and quantify the extent of the potential resource currently on the landscape. However, the results of the
regression models suggest that these variables are only slightly better than chance. There are likely physical, biophysical, and perhaps
genetic factors not investigated in the present study that inﬂuence
the frequency and susceptibility of aspen to heartrot infection. Controlling for some of these potential confounding variables in future
investigations might result in a clearer picture of the interactions
between aspen and P. tremulae.
Aspen is a dynamic forest type and current trends in climate
and management might change the status of “suitable” stands relatively quickly. Aspen forests persist in a wide variety of climates,
soils and elevations and as such, behave differently from one area to
another. Smaller, more focused analyses would be useful for making localized treatment and management prescriptions. In addition,
researching bird productivity in stands with a range of age, diameter, and site quality classes are research endeavors needed to
provide more useful tools for the managers of the aspen resource
wherever it may occur.
Acknowledgments
I thank J. Shaw for his helpful editorial suggestions and D. Turner
for his assistance with statistical applications.
References
Aitken, K.E.H., Martin, K., 2004. Nest cavity availability and selection in aspen-conifer
groves in a grassland landscape. Can J. For. Res. 34, 2099–2109.
Bartos, D.L., Campbell, R.B., 1998. Decline of quaking aspen in the interior westexamples from Utah. Rangelands 20, 17–24.
Basham, J.T., 1958. Decay of trembling aspen. Can. J. Bot. 36, 491–505.
Bunnell, F.L., Houde, Johnston, I.B., Wind, E., 2002. How dead trees sustain live
organisms in western forests. In: Laudenslayer Jr., W.F., Valentine, B., Weatherspoon, C.P., Lisle, T.E. (Eds.), Proceedings of the symposium on the ecology
and management of dead wood in western forests, pp. 291–318, Gen. Tech. Rep.
PSW-GTR-181.
Crockett, A.B., 1975. Ecology and behavior of the Williamson’s sapsucker. Dissertation, University of Colorado, Boulder, CO.
Crockett, A.B., Hadow, H.H., 1975. Nest site selection by Williamson and red-naped
sapsuckers. Condor 77, 365–368.
Conner, R.N., Miller Jr., O.K., Adkisson, C.S., 1976. Woodpecker dependence on trees
infected with heartrot. Wilson Bull. 88, 575–581.
Conway, C.J., Martin, T.E., 1993. Suitability for Williamson’s sapsuckers in mixedconifer forests. J. Wildl. Manage. 57 (2), 322–328.
Daily, G.C., 1993. Heartwood decay and vertical distribution of Red-naped sapsucker
nest cavities. Wilson Bull. 105 (4), 674–679.
Daily, G.C., Ehrlich, P.R., Haddad, N.M., 1993. Double keystone bird in a keystone
species complex. Proc. Natl. Acad. Sci. U.S.A. 90, 592–594.
Debyle, N.V., Winokur, R.P. (Eds.), 1985. Aspen: Ecology and Management in the
Western United States, USDA Forest Service Gen. Tech. Rep. RM-119. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO, p. 283.
Dobkin, D.S., Rich, A.C., Pretare, J.A., Pyle, W.H., 1995. Nest–site relationships among
cavity-nesting birds of riparian and snowpocket aspen woodlands in the northwestern Great Basin. Condor 97, 694–707.
Flack, J.A.D., 1976. Bird populations of aspen forests in western north America.
Ornithol. Monogr. 19, 105.
Gillespie Jr., A., 1999. Rationale for a national annual inventory program. J. For. 97,
16–20.
Harestad, A.S., Keisker, D.G., 1989. Nest tree use by primary cavity-nesting birds in
south central British Columbia. Can. J. Zool. 67, 1067–1073.

1015

Hart, J.H., Hart, D.L., 2001. Heartrot fungi’s role in creating Picid nesting sites in
living aspen. In: Sheppard, W.D., Binkley, D., Bartos, D.L., Stohlgren, T.J., Eskew,
L.G. (Eds.), Sustaining Aspen in Western Landscapes: Symposium Proceedings.
USDA Forest Service, Grand Junction, CO.
Hiratsuka, Y., 1987. Forest tree diseases of the prairie provinces. Canadian Forest
Service Information Report NOR-X-286.
Hiratsuka, Y., Loman, A.A., 1984. Decay of aspen and balsam poplar in Alberta. Canadian Forest Service Information Report NOR-X-262.
Hollenbeck, J.P., Ripple, W.J., 2008. Aspen snag dynamics, cavity-nesting birds,
and trophic cascades in Yellowstone’s northern range. For. Ecol. Manage. 255,
1095–1103.
Jackson, J.A., Jackson, B.J.S., 2004. Ecological relationships between fungi and woodpecker cavity sites. Condor 106, 37–49.
Jones, A.C., Ostry, M.E., 1998. Estimating white trunk rot in aspen stands. N.J. Appl.
For. 15 (1), 33–36.
Joy, J.B., 2000. Characteristics of nest cavities and nest trees of the Red-breasted
Sapsucker in coastal montane forests. J. Field Ornithol. 71 (3), 525–530.
Kay, C.E., 1997. Is aspen doomed? J. For. 95, 4–11.
Keisker, D.G., 1987. Nest tree selection by primary cavity-nesting birds in southcentral British Columbia. Wildl. Report, 0829-7797; R-13.
Keisker, D.G., 2000. Types of wildlife trees and coarse woody debris required by
wildlife of North-central British Columbia. Ministry of Forestry Research, Victoria, BC, Working Paper 50/2000.
Kilham, L., 1971. Reproductive behavior of Yellow-bellied sapsuckers. I. Preference
for nesting in Fomes-infected aspens and nest hole interrelations with ﬂying
squirrels, raccoons, and other animals. Wilson Bull. 83, 159–171.
Little, E.L., 1971. Atlas of United States Trees: Volume 1. Conifers and Important
Hardwoods. USDA Forest Service, Washington, DC, Misc. Publication 1146.
Loeb, S.C., 1993. Use and selection of red-cockaded woodpecker cavities by southern
ﬂying squirrels. J. Wildl. Manage. 57, 329–335.
Martin, K., Eadie, J.M., 1999. Nest webs: a community-wide approach to the management and conservation of cavity-nesting forest birds. For. Ecol. Manage. 115,
243–257.
Martin, K., Aitken, K.A.E., Weibe, K.L., 2004. Nest sites and nest webs for cavitynesting communities in interior British Columbia, Canada: nest characteristics
and niche partitioning. Condor 106, 5–19.
McClelland, R.B., Frissell, S.S., Fischer, W.C., Halvorson, C.H., 1979. Habitat management for hole-nesting birds in forests of western larch and Douglas-ﬁr. J. For. 77,
480–483.
Merkens, M., Booth, B.P., 1998. Monitoring changes in wildlife diversity during operational hardwood harvesting: aspen clear-cutting in the Dawson Creek Forest
District (1992–1997). Final report. Wildlife Branch, BC, Ministry of Environment,
Lands, and Parks, Victoria, BC.
Miles, P.D., Brand, G.J., Alerich, C.L., Bednar, L.F., Woudenberg, S.W., Glover, J.F.,
Ezzell, E.N., 2001. The Forest Inventory and Analysis Database: Data Description and User’s Manual Version 1.0. USDA Forest Service Gen. Tech. Rep,
NC-218.
Newlon, K.R., 2005. Demography of Lewis’ woodpecker, breeding bird densities, and
riparian aspen integrity in a grazed landscape. Thesis, Montana State University,
Bozeman, Montana.
Newton, I., 1994. The role of nest sites in limiting the numbers of hole-nesting birds:
a review. Biol. Conserv. 70, 265–276.
Savignac, C., Machtans, C.S., 2006. Habitat requirements of the Yellow-bellied Sapsucker, Sphyrapicus varius, in boreal mixedwood forests of northwestern Canada.
Can. J. Zool. 84, 1230–1239.
Schieck, J., Nietfeld, M., Stelfox, J.B., 1995. Differences in bird species richness and
abundance among three successional stages of aspen-dominated boreal forests.
Can. J. Zool. 73, 1417–1431.
Sedgwick, J.A., 1997. Sequential cavity use in a cottonwood bottomland. Condor 99,
880–887.
Smith, K.G., 1982. On habitat selection of Williamson’s and “Red-Naped” Yellowbellied sapsuckers. Southwest. Nat. 27 (4), 464–466.
Sousa, P.J., 1983. Habitat suitability index models: Williamson’s sapsucker. U.S.
Department of the Interior. Fish and Wildlife Service, FWS/OBS-82/10.47.
Steeger, C., Dulisse, J., 2002. Characteristics and dynamics of cavity nest trees in
Southern British Columbia. In: Laudenslayer Jr., W.F., Valentine, B., Weatherspoon, C.P., Lisle, T.E. (Eds.), Proceedings of the symposium on the ecology and
management of dead wood in western forests, pp. 275–289, Gen. Tech. Rep.,
PSW-GTR-181.
Thomas, J., Miller, W., Maser, J.C., Bull, E.L., 1979. Snags. In: Thomas, J.W. (Ed.),
Wildlife Habitat in Managed Forests: The Blue Mountains of Oregon and Washington, USDA Forest Service Agricultural Handbook, pp. 60–77.
United States Department of Agriculture (USDA), 2007. Interior West Forest Inventory and Analysis Field Procedures, Version 3.01. United States Forest Service,
Rocky Mountain Research Station, Ogden, UT, USA.
Welsh, H.H., Dunk, J.R., Zielinski, W.J., 2006. Developing and applying habitat models using Forest Inventory and Analysis data: an example using a terrestrial
salamander. J. Wildl. Manage. 70 (3), 671–681.
Winternitz, B.L., 1980. Birds in aspen. In: Degraff, R.M., Tilghman, N.G. (Eds.),
Workshop Proceedings: Management of Western Forests and Grasslands for
Non-game Birds. USDA Forest Service, Intermountain Forest and Range Experiment Station, Salt Lake City, UT.
Winternitz, B.L., Cahn, H., 1983. Nestholes in live and dead aspen. In: Davis, J.W.,
Goodwin, G.A., Ockenfels, R.A. (Eds.), Snag Habitat Management: Proceedings
of the Symposium. USFS Rocky Mountain Research Station, Northern Arizona
University, Flagstaff, AZ.

1016

C. Witt / Forest Ecology and Management 260 (2010) 1010–1016

Witt, C., 2009. Quantiﬁcation of Lewis’ woodpecker habitat using Forest Inventory
and Analysis data. In: McWilliams, W., Moisen, G., Czaplewski, R. (Eds.), 2008
Forest Inventory and Analysis (FIA) Symposium. Park City, UT, October 21–23,
2008, Proc. RMRS-P-56CD.
Zar, J.H., 1996. Biostatistical Analysis, Third edition. Prentice-Hall, Englewood Cliffs,
NJ.

Zielinski, W.J., Truex, R.L., Dunk, J.R., Gaman, T., 2006. Using routinely-collected
Forest Inventory data to estimate and monitor regional changes in the suitability of resting habitat for ﬁshers (Martes pennanti). Ecol. Appl. 16 (3), 1010–
1025.

