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Abstact: Sign of grizzly bears (Ursus arctos horribilis) consuming fungal sporocarps (mushrooms and truffles) was observed on 68 occasions 
during a study of radiomarked bears in the Yellowstone region, 1977-96. Sporocarps also were detected in 96 grizzly bear feces. Most fungi 
consumed by Yellowstone's grizzly bears were members of the Boletaceae (Suillus spp.), Russulaceae (Russula spp. and Lactarius sp.), Morchellaceae 
(Morchella elata), and Rhizopogonaceae. Consumption of false truffles (Rhizopogon spp.) was indicated by excavations that were deeper, on 
average (1.1 dm), than excavations for mushrooms (0.6 dm). Consumption of sporocarps was most frequent during September (7% of all activity), 
although median numbers of sporocarps excavated at feeding sites peaked during both August and September (22-23 excavations/site). Almost all 
consumption (75%) occurred on edaphically harsh sites typically dominated by lodgepole pine (Pinus contorta). At broad scales, consumption of 
sporocarps was most likely where these types of lodgepole pine-dominated sites were extensive or where high-elevation sites supporting mature 
whitebark pine (P. albicaulis) were rare. The number of sporocarps excavated at a feeding site was greatest when cone crops of whitebark pine were 
small and in stands with abundant lodgepole pine. At fine scales, consumption of fungi was positively associated with lodgepole pine basal area and 
negatively associated with total ground vegetation cover. Because of the strong association of sporocarp consumption with lodgepole pine and its 
disassociation at broad scales with availability of whitebark pine seeds, consumption of mushrooms and truffles by grizzly bears will likely increase 
in the Yellowstone ecosystem with global warming. Lodgepole pine is predicted to increase and whitebark pine to decline with global warming. 
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Hypogeous and epigeous sporocarps are often referred 
to as truffles and mushrooms, respectively, and are com- 
mon reproductive structures of mycorrhizal fungi in tem- 
perate and boreal forests. These spore-producing 
structures are eaten and efficiently digested by omnivores 
such as humans and feral swine (Sus scrofa; Groot 
Bruinderink et al. 1994). Moreover, fungal sporocarps 
are present in the diets of numerous otherwise herbivo- 
rous or frugivorous mammals including wapiti (Cervus 
elaphus; Nelson and Leege 1982, Collins and Urness 
1983) and tree squirrels (Sciurus spp., Tamiasciurus spp., 
and Glaucomys spp.; Hall 1981, Carey 1995, Steele 1998). 

Consumption of fungi by animals is consistent with the 
abundance and nutritional characteristics of mushrooms 
and truffles. Conifer forests of interior North America 
can produce 10-17 kg of mushrooms per ha, dry weight, 
comprised of 15-35% crude protein (Mealey 1975, Fogel 
and Trappe 1978). This relatively high concentration of 
protein is complemented by a similarly high concentra- 
tion of energy (4-6 kcal/g, dry weight), comparable to 
that of most hard and soft fruits (Fogel and Trappe 1978). 
Some edible mushrooms contain as little as 13-18% total 
dietary fiber (Cheung 1997), which equates to about 76- 
83% dry matter digestibility for grizzly and North Ameri- 
can black bears (U. americanus; Pritchard and Robbins 
1990). 

The few records of ursids consuming truffles or mush- 
rooms are limited to either entries in tables summarizing 
fecal contents or to short anecdotes. Most observations 
come from Eurasia, including the Alps (Couturier 1954), 
European Russia (Ognev 1931, Novikov et al. 1969), Pa- 

kistan (Roberts 1977), and Hokkaido (Odachi and Aoi 
1987). In North America, heavy consumption of fungi 
was observed among black bears in coastal Washington 
state (Poelker and Hartwell 1973). Among grizzly bears, 
more than incidental consumption has been recorded only 
in the Yellowstone region (Mealey 1975, Mattson et al. 
1991, Mattson 1997a). 

Grizzly bears in the Yellowstone region obtain most of 
their energy from seeds of whitebark pine (Mattson et al. 
2001) or tissue of bison (Bison bison) and wapiti (Mattson 
1997b), although there are marked differences in consump- 
tion of pine seeds and ungulate tissue among bears of dif- 
ferent age and gender (Mattson 2000). Yellowstone grizzly 
bears consume most pine seeds during fall, primarily by 
digging whitebark pine cones from ground-level caches 
made by red squirrels (Tamiasciurus hudsonicus; Mattson 
et al. 2001). Tissue is obtained from ungulates primarily 
during spring by scavenging winter-killed animals 
(Mattson 1997b). When pine seeds or carrion are scarce, 
Yellowstone's grizzly bears eat diverse other foods, in- 
cluding fungal sporocarps (Mattson et al. 1991). Based 
on field observations of radiomarked grizzly bears, we 
speculated that consumption of sporocarps was concen- 
trated in the fall and closely associated with pine trees in 
forest stands with sparse ground cover. 

In this paper we describe features associated with con- 
sumption of fungal sporocarps by Yellowstone grizzly 
bears. Because virtually nothing is known about exploi- 
tation of mushrooms and truffles by bears, the analysis 
reported here is exploratory. We evaluated the effects of 
forest stand structure, date, type of bear, and availability 
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of known high-quality foods (i.e., pine seeds and ungu- 
late carrion) using data collected during a study of 
radiomarked animals, 1977-96. 

STUDY AREA 
The approximately 23,000 km2 study area, from 43?30" 

to 45? 15"N latitude and 109?30" to 111?30"W longitude, 
corresponded to the known range of Yellowstone's griz- 
zly bear population. Most of the area occupied by grizzly 
bears was >2100 m elevation and consisted of remote 
mountains and plateaus surrounded by valleys and plains 
more intensively settled or used by humans. Annual tem- 

peratures averaged about 0?C. Monthly averages ranged 
from -2?C to 13?C during April through October. Tem- 

peratures rarely exceeded 27?C in most areas. Precipita- 
tion varied in amount and timing with elevation and region 
and fell mostly as snow that reached accumulations of 
20-260 cm, depending on location, before melting dur- 

ing March-June (Dirks and Martner 1982). 
About 75% of the study area was forested. Lodgepole 

pine was the most common dominant tree species, al- 

though whitebark pine was abundant above 2,500 m el- 
evation (Despain 1990). Forest structure varied 

considerably during the study primarily owing to mortal- 

ity of trees caused by fire and by epidemic populations of 
mountain pine beetle (Dendroctonus ponderosae; Despain 
1990). The largest fire occurred in 1988 and burned ap- 
proximately 560,000 ha. Craighead et al. (1995) provide 
additional details about the study area. 

METHODS 
Grizzly bears were trapped, marked, and radiolocated 

according to methods described by Knight and Eberhardt 

(1985) and Blanchard and Knight (1991). A subset of 
radiolocations was visited and described according to 
methods in Mattson (1997a, 2000). Field crews also de- 
scribed sites where grizzly bear feeding or bedding signs 
were encountered en route to and from telemetry loca- 
tions. At each location, field crews located a variable- 

radius forest inventory plot at the center of grizzly bear 
activity. Trees were tallied, identified as live or dead, and 
the diameter of each was measured at 1.4 m above ground. 
Percent ground cover also was ocularly estimated for all 
graminoids, forbs, and shrubs within about 10 m of plot 
center. Each site was described in terms of habitat types 
described by Mattson et al. (1999). There were 10 forest 
habitat types, including 2 that characterized recently 
burned or harvested sites (Table 1). 

Field crews described all feeding signs and collected 
all feces (scats) encountered during 1977-96. During 
1986-96 descriptions of feeding activity included counts 
and measurements of excavations. For excavations of 

fungal sporocarps, length, width, and depth (all in dm) 
were measured and multiplied to estimate excavated vol- 
ume. Excavations of sporocarps by bears were identified 

by several criteria including the presence of sporocarps, 
the absence of other potential foods, the presence of feces 

containing sporocarp remains, the presence of other griz- 
zly bear signs, and excavation dimensions. Compared to 
excavations for sporocarps by other animals such as squir- 
rels and wapiti, those by grizzly bears were the largest, 
averaging about 1.6 dm in width and 2.0 dm in length. 
Sporocarps judged to be the same type as those consumed 

by the bear were described and identified using a field 

key synthesized from Smith (1975) and Miller (1980). In 
some instances, sporocarps were collected and keyed in 
the lab. The field key emphasized visible features such as 
color, pattern, shape, size, structures of the cap or stipe, 
site type, and whether the sporocarp was epi- or hypo- 
geous. 

The concurrent collection of scats and information on 

feeding activity maximized comparability of data from 
these 2 sources at broad scales. We did not ascribe scat 
contents to specific feeding sites because foods found in 
scats were often not consumed at the site of collection 

given the 7-13 hr transit time of digesta (Pritchard and 
Robbins 1990). Thus, we compared data from scats and 

feeding sites at the scale of months but not specific feed- 

ing sites. 
Scats were collected, dried, and analyzed for percent 

Table 1. Forest habitat types used to map grizzly bear habitat and describe grizzly bear activity sites in the Yellowstone region. 

Acronym Habitat type description 

Dry sites recently deforested by timber harvest or fire 

High-elevation subalpine fir (Abies lasiocarpa) climax sites; typified by Arnica spp. and Juniperus communis 

High-elevation forested sites with mature whitebark pine 

High-elevation Douglas-fir (Pseudotsuga menziesii) climax sites; typified by Arnica cordifolia, Berberis repens,Juniperus communis, 

and Symphoricarpos oreophilus 
High-elevation sites, ground layer dominated by grouse whortleberry (Vaccinium scoparium) 
Low-elevation lodgepole pine-dominated sites; typified by Carex geyeri, C. rossii, Calamagrostis rubescens, and Purshia tridentata 

Mesic-wet sites recently deforested by timber harvest or fire 

Low-elevation Engelmann spruce (Picea engelmannii)-dominated sites; typified by Calamagrostis canadensis, Equisetum arvense, 
and Galium triflorum 

Mesic-wet subalpine fir climax sites; typified by Thalictrum occidentale and Osmorhiza chilensis 

Mesic Douglas-fir climax sites; typified by Symphoricarpos albus, Spiraea betulifolia, and Calamagrostis rubescens 

DOPEN 

HABLA 

HPIAL 

HPSME 

HVASC 

LPICO 

MOPEN 

LPIEN 

MABLA 

MPSME 
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content according to methods described by Mattson et al. 
(1991). When collecting scats we tried to minimize con- 
tamination with extraneous soil and debris. However, this 
was often impossible when collecting liquid feces typical 
of those containing mushroom remains. Scats were air- 
dried and later rehydrated before washing through 2 
screens. Coarse material was retained by the large (0.806 
cm2) mesh screen and fine material by the small (0.212 
cm2) mesh screen. Diet items were identified to the finest 
taxonomic resolution possible and the percent volume of 
each was visually estimated. Remains of fungal sporo- 
carps were typically identifiable as such, to the extent that 
stipes could sometimes be distinguished from caps, but 
almost never to the extent that genera or even families 
could be identified. Visual estimates of percent volume 
were routinely verified by liquid displacement in beakers. 
Results were reported by month and year as total frequency 
of occurrence in scats, percent of total fecal volume, and 
mean percent for scats in which the item occurred. 

We used logistic regression analysis (Demaris 1992) to 
specify the effects of explanatory variables on the log odds 
that a bear had excavated fungal sporocarps at a given 
location. Radiotelemetry locations or feeding sites were 
units of analysis. We specified 2 types of models: one 
using only data from telemetry locations, including sites 
where no feeding signs had been found, and the other us- 
ing only data from sites with feeding signs of all types, 
but including plots not at telemetry locations. We gave 
priority to the first type of model and used the second to 
confirm patterns. Given that excavation of sporocarps 
had occurred, we used multiple linear regression (Weisberg 
1985) to specify the effects of explanatory variables on 
the total number of excavations. We used maximum like- 
lihood methods for parameter estimation and the sample 
size-adjusted version of Akaike's Information Criterion 

(AICc; Burnham and Anderson 1998) for model selec- 
tion. We used change-in-AICc (A), obtained by deleting 
each variable in turn while holding the rest of the model 
constant, to quantify the relative effect of each variable in 
a given model (Burnham and Anderson 1998). Because 
the value of AICC is affected by sample size, it is compa- 
rable within but not among models. We de-emphasized 
statistical hypothesis testing (Johnson 1999) and present 
P-values solely as confirmatory information. 

We considered both proximal and distal effects in the 
analysis (Mattson 2000). Distal effects were those opera- 
tional at broad temporal and spatial scales; proximal ef- 
fects were operational at the scale of the immediate site. 
Proximal effects were represented by measures taken at 
telemetry locations or other sites of grizzly bear activity. 
Distal effects were enumerated from other sources. Num- 
bers of cones on whitebark pine trees were taken from 
counts at fixed transects (Mattson 2000). Numbers of 

bison in the ecosystem were taken from U.S. National 
Park Service (1997). Monthly temperatures (?C) and pre- 
cipitation (cm) were taken from regional summaries pub- 
lished by the U.S. National Oceanic and Atmospheric 
Administration (1977-92). Grizzly bear activity sites were 
also associated with the spatial extent of habitat types in 
surrounding life-range-size areas on the basis of the Bear 
Management Units (BMUs) where they occurred (there 
are 18 BMUs in the Yellowstone ecosystem, each about 
the size of a female life range). Mattson (2000) provides 
a more detailed description of these distal factors and their 
sources. 

RESULTS 
During 1977-96, 7,459 scats were collected and 2,134 

telemetry locations from 175 radiomarked bears were in- 
vestigated to determine activity of the associated animal. 
Feeding sign was found at 3,101 sites, including 1,940 
sites not associated with a telemetry location. Remains 
of fungal sporocarps were found in 96 scats, whereas sign 
of foraging for sporocarps was found at 68 sites, 48 of 
which were associated with telemetry locations of 28 dif- 
ferent radiomarked bears. Feeding sign took the form of 
shallow scrapes to more substantial paw-sized digs in for- 
est litter and soil. Scats containing sporocarps were typi- 
cally grayish in color and very liquid. 

Of the scats containing fungal sporocarps, 80% con- 
tained additional items. Of these mixed-composition scats, 
81 % contained dirt and debris that accounted for an aver- 
age 30% of total scat volume. Remains of grasses and 
sedges were next (32%) and accounted for an average 15% 
of total scat volume. All other items occurred in <15% of 
mixed-composition scats and comprised <5% of average 
scat volume. 

Field crews commented on the type of sporocarp most 
likely eaten by bears at 48 of the sites where it was con- 
cluded that grizzly bears ate sporocarps. A likely hypo- 
geous food ("truffles") was described at 5 sites. Based on 
1 positive identification, these below-ground sporocarps 
were most likely false truffles of the genus Rhizopogon. 
Epigeous sporocarps (i.e., "mushrooms") were described 
at 35 sites, including 9 sites with gilled mushrooms, 7 
sites with boletes (Boletaceae), 4 sites with morels 
(Morchella elata), and 1 site with puffballs (Calvatia sp.). 
Three of the probable instances where morels had been 
consumed occurred during 1989 in recently burned for- 
ests, 1 year after the extensive wildfires of 1988. The 
boletes were most likely of the genus Suillus, either S. 
brevipes or S. tomentosus. The gilled mushrooms were in 
5 instances most likely of the genus Russula, in 2 instances 
of the genus Tricholoma, and in 1 instance of the genus 
Lactarius. 
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Excavations for false truffles and mushrooms differed. 
At the 11 sites where depths of excavations were mea- 
sured, those for false truffles (x = 1.1 dm, SE = 0.2, n = 4) 
were deeper than those for the bases of mushroom stipes 
(often described as "scrapes", x = 0.6 dm, SE = 0.1, n = 7; 
F = 16.0, 1,9 df, P = 0.003). Even so, volumes of indi- 
vidual excavations for truffles and mushrooms, averaged 
by feeding site, did not differ substantially (n = 10, F = 
1.8, 1,8 df, P = 0.22). 

Consumption of fungal sporocarps by grizzly bears was 
not equally distributed among months. Frequency of sign 
in scats and at feeding sites peaked during September and 
was relatively common during August (Fig. 1). Median 
number of digs per feeding site and mean percent of indi- 
vidual scats comprised of sporocarp remains, considering 
only scats where such remains were found, also peaked in 

August and September, suggesting that meal sizes were 

larger and foraging bouts longer during these months. 
Evidence of sporocarp consumption from scats and feed- 

ing sites differed only in that sign from sites indicated 

comparatively common consumption during October 
whereas sign from scats did not. With the exception of 2 
scats collected during May 1994, there was no evidence 

Fig. 1. Monthly occurrence of sporocarp consumption by 
Yellowstone grizzly bears, 1977-96, as indicated by (a) scats 
and (b) feeding sites. In (a) bars (? 1 SE) indicate the 
proportion of scats that contained remains of sporocarps 
(left scale) and solid dots indicate the mean percent of 
individual scats comprised of sporocarp remains, considering 
only scats where such remains were found (right scale). In 
(b) bars indicate the proportion of feedings sites where 
evidence of sporocarp consumption was found (left scale) 
and large solid dots the median number of excavations for 
sporocarps at feeding sites (right scale). The small dots 
above and below the median for August and September 
denote the 75% and 25% quartiles, respectively. 

that grizzly bears consumed sporocarps prior to June. 
Consumption of sporocarps was not evenly distributed 

among habitat types. Most consumption (89%) was ob- 
served in just 3 forest types (the LPICO [55%], HVASC 
[20%], and HPIAL [14%; Table 1]), whereas none was 
observed in non-forest types. Considering only forested 
or potentially forested habitat types, sporocarp consump- 
tion was distributed differently from all other grizzly bear 
feeding or bedding sign (n = 1,742, 9 df, homogeneity G2 
= 121.2, P < 0.0001). Consumption was concentrated 
more than expected in the LPICO type and less than ex- 
pected in HABLA, MOPEN, DOPEN, MPSME, and 
HPSME (Fig. 2; based on Bonferroni simultaneous con- 
fidence intervals for differences between observed and 
expected proportions with a = 0.05). Frequencies of spo- 
rocarp consumption in the HVASC, HPIAL, HABLA, and 
LPIEN types were consistent with what would be expected 
by frequencies of other feeding activities by bears in these 
habitat types. 

Considering only distal factors, consumption of sporo- 
carps was related to a polynomial of Julian date for both 

telemetry locations and feeding sites (Tables 2 and 3; Fig. 
3a). The first derivatives of these polynomials (univariate) 
suggested that probability of use peaked at about 0.05- 
0.06 during Julian dates 264 and 266 (about 21 and 23 

September) for telemetry locations and feeding sites, re- 

spectively. Otherwise, analysis of telemetry locations 

suggested that probability of consumption was positively 

0.6 - 
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L< <Habitat type 

Habitat type 
Fig. 2. Proportional occurrence of feeding on fungal 
sporocarps by Yellowstone grizzly bears (black bars) versus 
all other feeding and bedding activity (hatched bars) in 
forested habitat types, 1977-96. Greater than sign (>) 
signifys habitat types where consumption of sporocarps 
was much more frequent than expected by the occurrence of 
all other grizzly bear activity (Bonferroni confidence 
intervals, a = 0.05); less than signs (<) signify types where 
consumption was much less frequent than expected. 
Habitat types are described in Table 1. 
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Fig. 3. Univariate relations between the proportion of sites 
where Yellowstone grizzly bears consumed fungal 
sporocarps, 1977-96, and distal or proximal factors with the 
greatest apparent effects on this behavior: (a) Julian date, 
(b) extent of the LPICO (circles) and HPIAL (squares) habitat 
types in the surrounding bear management unit (BMU), and 
(c) lodgepole pine basal area and total ground cover. In (a) 
and (b) the symbols and SE bars are for proportions of 
quintiles of the data and illustrate goodness-of-fit 
(univariate). The gray mesh in (c) is the relation estimated 
from telemetry locations, the open mesh the relation 
estimated from feeding sites. 

correlated with size of whitebark pine cone crops (Table 
2), whereas analysis of feeding sites suggested that con- 

sumption was positively correlated with numbers of bi- 
son in the ecosystem (Table 3). Similarly, telemetry 
locations revealed a negative correlation between con- 

sumption of sporocarps and extent of whitebark forests 
(HPIAL) in the surrounding area, whereas feeding sites 
revealed a positive correlation with the extent of LPICO 
and HVASC habitat types (Fig. 3b). 

Some of the discrepancies between results using telem- 

etry locations and results using feeding sites were likely 
related to spatial correlations among habitat types and other 

landscape features, by bear management unit. The extent 
of HPIAL was negatively correlated with the extent of 

LPICO and HVASC, considering both telemetry locations 
(-0.49 and -0.46, respectively) and feeding sites (-0.44 
and -0.39, respectively). By contrast, based on feeding 
sites, the extent of bison winter range was positively cor- 
related with the extent of LPICO and HVASC (0.56 and 
0.63, respectively). Moreover, the log odds that grizzly 
bears had fed on bison during August and September (y) 
was positively associated with the extent of bison winter 

range (x) in the surrounding BMU: 

y = -8.6 + 0.37x 

with n = 756, R2 = 0.94, 7 df, G2 = 2.3, P = 0.94. 
Considering distal and proximal factors together, both 

telemetry locations and feeding sites showed that con- 

sumption of fungal sporocarps was more likely where there 
was sparse ground cover, abundant pines, gentle slopes, 
and extensive LPICO habitats in the surrounding area 
(Tables 2 and 3; Fig 3b). Of all effects, the positive one of 

lodgepole pine was the greatest, especially when com- 
bined with the negative effect of ground cover (Fig. 3c). 
The effect of Julian date also persisted. Analysis of feed- 

ing sites further suggested that the log odds of sporocarp 
consumption was negatively correlated with amounts of 
total forest basal area, live and dead, offset by a positive 
correlation with amounts of live basal area. In other words, 
greater total basal area had an inhibiting effect that was 
less pronounced if comprised of live trees rather than dead 
ones. 

Not all types of grizzly bears appeared equally likely to 
consume fungal sporocarps. Considering only distal fac- 
tors, subadult females (autonomous bears <5 years old 
and without cubs) were more likely than any other type of 
bear to consume sporocarps, especially in contrast to sub- 
adult males (Table 2). This effect persisted and was ac- 
centuated when considering proximal effects (Table 3). 
In other words, even at optimal times and when proximal 
features were most favorable, subadult females apparently 
were more likely than any other type of bear to consume 

sporocarps. 
Numbers of excavations for sporocarps per feeding site 

(y'; where y' = In [ y + 1]) tended to decline with increas- 

ing size of the current whitebark pine cone crop (cone; 
cones/tree): 

y' = 3.1 - 0.00042cone2 

with n = 48, r2 = 0.11, F= 5.4; 1, 46 df, P = 0.024. 
Although this simple model minimized AICC (at 14.9), 

another model containing more parameters, but with a 

higher AICc value (15.4), was biologically interpretable 
and helped explain some otherwise obscure broader scale 
relations. This more complex model suggested that num- 
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Table 2. Parameters (f3) of logistic regression models describing the log odds that mushrooms were consumed at a site versus 
any other type of activity for Yellowstone grizzly bears, 1977-96. Models are based on telemetry locations only, including sites 
where no feeding or bedding signs were found. A values are change in AICC with piece-wise deletion of individual variables or 
groups of variables. Statistics (G2 and P) are for goodness-of-fit tests; smaller G2 values and larger P values indicate better 
fit. 

Distal factors only Distal and proximal factors 

Independent variables P SE A SE A 

Intercept - 24.2 7.3 -29.1 8.2 
Distal factors 64.6 
Number of whitebark pine cones/tree 0.00040a 0.00019 1.9 
Extent of LPICO (% of BMU) 0.61b 0.18 9.3 
Extent of HPIAL (% of BMU) -0.17 0.032 36.2 
Julian date 0.17 0.062 32.9 0.22 0.071 15.1 
Julian date squared - 0.00032a 0.00013 17.2 -0.00045a 0.00015 10.9 
Sex and age classc 1.9 2.7 

Adult female - 0.18 0.24 -0.37 0.26 
Adult male 0.03 0.28 -0.33 0.31 
Subadult female 0.87 0.32 1.13 0.36 
Subadult male - 0.72d -0.43d 

Proximal factors 38.3 

Lodgepole pine basal area (m2/ha) 0.049 0.0097 23.6 
Whitebark pine basal area (m2/ha) 0.00070a 0.00026 3.2 
Total ground cover (%) -0.64b 0.16 12.4 

Slope (B) -0.59b 0.20 6.7 
Statistics 

G2 (df) 310 (2 x 103) 281 (2 x 103) 
P . 1.00 1.00 
RL2 0.88 0.88 
N 2088 1630 

a Coefficient was estimated for squared values of the independent variable. 
b Coefficient was estimated for values of the independent variable (x) transformed as ln(1 + x). 
c Class variable. 
d Coefficient was calculated by subtraction. 

Table 3. Parameters (O) of logistic regression models describing the log odds that mushrooms were consumed at a site versus 

any other type of feeding or bedding activity, for Yellowstone grizzly bears, 1977-96. Models are based only on sites where 

feeding signs were found, including sites not associated with telemetry locations. A values are change in AICc with piece-wise 
deletion of individual variables or groups of variables. Statistics (G2 and P) are for goodness-of-fit tests; smaller G2 values and 

larger P values indicate better fit. 

Distal factors only Distal & proximal factors 

Independent variables P SE A P SE A 

Intercept -54.8 10.5 -32.1 9.9 
Distal factors 56.5 
Number of bison in study area 2.1a 0.59 13.4 
Extent of LPICO (% of BMU) 0.50a 0.17 5.8 0.78a 0.17 19.7 

Extent of HVASC (% of BMU) 0.00069b 0.00017 15.6 
Julian date 0.26 0.078 18.0 0.24 0.084 13.8 

Julian date squared -0.00048b 0.00016 12.2 -0.00046b 0.00018 9.5 

Proximal factors 71.8 

Lodgepole pine basal area (m2/ha) 0.074 0.015 28.6 

Whitebark pine basal area (m2/ha) 0.0013b 0.00036 7.4 

Total basal area (m2ha) -0.0012b 0.00034 18.6 

Total live basal area (m2/ha) 0.059 0.021 7.3 
Total ground cover (%) -0.63 0.17 10.9 

Slope (B) -0.59a 0.21 5.8 

Statistics 
G2 (df) 394(2x 103) 313(2x 103) 
P 1.00 1.00 

RL2 0.89 0.90 

N 2911 2207 

a Coefficient was estimated for values of the independent variable (x) transformed as ln(1 + x). 
b Coefficient was estimated for squared values of the independent variable. 
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bers of excavations (y') were related to a polynomial of 
cone crop size and otherwise increased with ambient tem- 
perature (temp), Julian date (jd), and lodgepole pine basal 
area (Ipp): 

y'= -7.8 + 0.14cone - 0.0031cone2 + 1.9[ln(temp + 1)] 
+ 0.02 ljd + 0.0004lpp2 

with n = 44, R2 = 0.45, F = 6.2, 5, 38 df, P = 0.000. 

DISCUSSION 
Consumption of fungal sporocarps by Yellowstone griz- 

zly bears peaked in September and was rare prior to July. 
Julian date probably functioned in this analysis as a sur- 
rogate for seasonal availability of preferred fungal sporo- 
carps in preferred habitats. By all indications, the epi- 
and hypogeous sporocarps consumed by grizzly bears 
during this study were most abundant during the fall, al- 
though there may have been a secondary spring peak in 
abundance for some species (Smith 1975, Thiers 1975, 
Fogel and Trappe 1978, Miller 1980, North et al. 1997, 
States and Gaud 1997). If the seasonal chronology of 
grizzly bear consumption tracked abundance of preferred 
sporocarps, then we predict that peak availability occurred, 
on average, about the third week of September. 

Consumption of sporocarps may have been indirectly, 
positively, affected by number of bison in the ecosystem. 
The habitats where most sporocarp consumption occurred 
(the LPICO and HVASC types) were positively spatially 
correlated with bison winter range, which was positively 
associated with the year-round distribution of bison 
(Meagher 1973). Moreover, consumption of bison dur- 
ing peak sporocarp consumption (August and September; 
Mattson 1997b) took place near or in bison winter ranges. 
Even so, it is not clear how this might have led to in- 
creased consumption of sporocarps and whether such an 
effect, if any, might have been due to effects of bison on 
sporocarp production or effects of bison consumption on 
overall grizzly bear foraging strategies, including poten- 
tial avoidance by subordinate bears of dominant bears on 
bison carcasses (Craighead et al. 1995). 

Subadult females apparently were more likely than any 
other type of grizzly bear to consume fungal sporocarps, 
even where and when immediate site and vegetation con- 
ditions were otherwise conducive to consumption of spo- 
rocarps by other bears. However, there is no ready 
explanation for this behavior. It is suggestive that sub- 
adult females were probably energetically the least stressed 
of all bears (Mattson 1990), that they consumed the least 
tissue from ungulates (Mattson 1997b), and that, of all 
types of females, their overall patterns of habitat use were 
the most distinct from patterns of habitat use by males 

(Mattson 2000). Even so, it is unclear if or to what extent 
consumption of sporocarps by subadult females was part 
of a risk-averse strategy and a consequence of their being 
able to afford consumption of a lower quality food (com- 
pared to ungulate tissue or whitebark pine seeds) in a habi- 
tat less often used by dominant bears such as adult males. 

Consumption of fungal sporocarps by Yellowstone griz- 
zly bears was positively associated with edaphically harsh 
sites dominated by lodgepole pine. This was manifest, 
distally, by an increased proclivity to consume sporocarps 
where the LPICO habitat type was most extensive and, 
proximally, by a positive association with mature lodge- 
pole pine and sparse vegetation ground cover. The im- 
portance of LPICO sites is emphasized not only by the 
concentration of sporocarp consumption here, but also by 
the apparent self-reinforcing effects of this type at broad 
scales; i.e., bears were more likely to consume sporocarps, 
all else equal, when the LPICO type was more common 
in the surrounding BMU. By contrast, no consumption 
of fungal sporocarps was observed in non-forest habitat 
types or in forest types that had been recently harvested. 

These patterns are consistent with what is known about 
production of edible sporocarps by mycorrhizal fungi in 
boreal or high-elevation conifer forests. For example, of 
the edible boletes and truffles or false truffles, most are 
strongly associated with pine-dominated forests (Thiers 
1975; Molina and Trappe 1982, 1994; Danielson 1984; 
States 1990; States and Gaud 1997). Production and di- 
versity of edible sporocarps of all types tends to peak in 
drier conifer forests (Fogel and Trappe 1978, Danielson 
1984). Otherwise, sporocarps tend to be more abundant 
in thinned stands, but much less abundant in recently 
burned or clearcut forests of lodgepole pine and the eco- 
logically similar jack pine (P banksiana; Visser 1995, 
Kropp and Albee 1996). 

Consumption of sporocarps appeared to be complexly 
related to availability of whitebark pine trees and cones. 
Interpreting these patterns depends on distinguishing be- 
tween effects of cone crops and effects of the trees them- 
selves. Some sporocarp consumption occurred in 
whitebark pine habitats near whitebark pine trees. Thus, 
to a limited extent, the odds that grizzly bears would con- 
sume mushrooms increased where whitebark pine was 
proximally more abundant, which occurred more often 
when cone crops were large because bears concentrated 
in whitebark pine stands to eat pine seeds (Mattson et al. 
2001). On the other hand, BMUs with extensive whitebark 
pine habitats contained only limited habitats, especially 
of the LPICO type, where consumption of sporocarps was 
most concentrated. Thus, at broad scales, the extent of 
whitebark pine habitats was negatively associated with 
likelihood of sporocarp consumption. Finally, although 
grizzly bears consumed sporocarps where whitebark pine 
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was abundant, their foraging was less intense compared 
to when they were consuming sporocarps amongst abun- 
dant lodgepole pine. This tendency was probably accen- 
tuated because distributions of whitebark and lodgepole 
pines were negatively correlated, probably through direct 

competition between the 2 species (Mattson and Reinhart 
1990). 

Fungal sporocarps will likely become a more impor- 
tant food of Yellowstone grizzly bears with warming of 
the global climate, especially if warming leads to drier 
conditions. During this study consumption of sporocarps 
peaked, on average, in September at only 7% of all activ- 

ity. Nonetheless, under optimal combinations of sparse 
ground cover and abundant lodgepole pine, probabilities 
of consumption reached about 30-50% (see Fig. 3c). Such 
conditions were most common on the types of sites that 
are projected to become substantially more widespread in 
the Yellowstone region with climate warming (Romme 
and Turner 1990, Bartlein et al. 1997). Under this sce- 
nario, whitebark pine is predicted to decline and perhaps 
virtually disappear. Thus, these results offer a preview of 
a food and a foraging behavior that may become more 

important to the management of Yellowstone's grizzly bear 

population. 
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