provide the mosaic of foraging habitat
and vegetation cover required by many
species of resident and migrant birds.
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Control of Yosemite Valley bark beetle outbreak in
1934 using the fell-peel-burn method. Stumps created
in these operations served as starting points for root-
disease gaps. Inset, Decayed root system of a fallen

cedar.

Past forest management
promoted root disease
in Yosemite Valley

Garey W. Slaughter

Root disease is one of the most
imporiant vegetation-management
considerations in Yosemite Val-
ley. Large trees with root decay
have fallen in the valley causing
human fatalities and property
damage. Many of the problems as-
sociated with root disease in
Yosemite Valley can be traced
back to the area’s history of veg-
etation management. Wildfire sup-
pression and meadow draining
were implemented after the arrival
of Euroamericans in the mid-19th
century. These practices created
conditions that encouraged the
development of a dense conifer
forest within the valley. Tree re-
movals for vista clearance, camp-
ground and lodging construction,
and bark beetle control projects
created thousands of stumps.

o David M. Rizzo

Many of these stumps have been
infected with spores of Heter-
obasidion annosum, a fungal
pathogen that causes root decay
in conifers. The fungus has since
spread from initial infection sites
into the surrounding forest, creat-
ing hundreds of enlarging tree
mortality gaps. Park resource
managers have established a pro-
gram of hazardous-tree removal,
but efforts to restore natural eco-
system processes must be con-
tinuously reconciled with public
safety.

Yosemite National Park’s resource
managers are attempting to integrate
ecosystem-based management tech-
niques (such as prescribed burns) with
the impact of 4 million visitors per
year. We believe that the presence of
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Source: Gibbens and Heady, 1964

East end of Yosemite Valley from Columbia Point in 1899 (left), showing open meadows, scattered oaks and large pines. Right, view in
1961 showing development of dense conifer forest.

root disease in conifers and hard-
woods will play an important role in
determining the direction of vegeta-
tion management in the park, particu-
larly Yosemite Valley. Our prelimi-
nary surveys indicate that root disease
is the most common disturbance asso-
ciated with canopy gaps in Yosemite
Valley (as compared to bark beetles or
wind-throw). Since 1970, well over 200
canopy gaps associated with root dis-
ease have been recorded in Yosemite
Valley, and approximately one-half of
these have been mapped. In some de-
veloped areas of the valley such as
campgrounds and lodging facilities,
one-third to one-half of the forested
area is associated with root disease in-
festations in conifers (authors, unpub-
lished).

Root disease in forest trees has in-
fluenced management decisions
within Yosemite Valley in at least
three ways. First, wind-thrown trees
with rotted roots have caused human
fatalities as well as extensive property
damage and liability settlements. Haz-
ardous trees were first reported as a
problem in the 1950s. Since 1973, tree
failures have resulted in seven fatali-
ties, 19 serious injuries and approxi-
mately $1 million in damages (Na-
tional Park Service 1997). This includes
damage to buildings, tent cabins, auto-
mobiles and power lines. The option
of hazardous tree removal in devel-
oped areas of the park must be bal-

anced among the often competing re-
quirements for public safety, aesthetics
and ecosystem function. Second,
canopy gaps associated with root dis-
ease can have a potentially important
effect on biodiversity. The composi-
tion of the dominant tree species may
be altered, and regeneration of plant
species in stand openings may be in-
fluenced. Third, mortality of trees as-
sociated with root disease will also in-
crease fuel loads and influence fire
behavior in the park. This is critical in
light of efforts to restore historical in-
fluences on ecosystem processes in
Yosemite Valley.

The problems currently associated
with root disease in Yosemite Valley
appear to be the result of a series of
natural-resource management actions
taken many years earlier. The current
state of the forests of Yosemite Valley
is another example of unintended
consequences that may result from
vegetation-management decisions.

Valley’s natural history

Yosemite Valley is located within
Yosemite National Park, in the central
Sierra Nevada of California. The
Merced River flows in a westward di-
rection through the valley, creating a
relatively flat, alluvial plain about 7
miles (11 kilometers) long and averag-
ing 0.5 miles (0.8 kilometers) wide
with an elevation of approximately
4,000 feet (1,220 meters). Sheer granite
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walls up to 3,300 feet (1,000 meters)
high enclose the valley floor on three
sides. The Mediterranean-type climate
is characterized by hot, dry summers
and cool, wet winters. The high cliffs
of the valley cause some microclimatic
differences on the valley floor. The
south side tends to have shadier,
cooler conditions during summer
months and lower temperatures in
winter, and the north side tends to
have warmer, drier conditions
throughout the year. Winter and
spring floods are common, each time
leaving another layer of fine silt and
sand over as much as 50% of the valley
floor (Heady and Zinke 1978).
Vegetation in the valley before the
arrival of Euroamericans was pre-
dominantly scattered black oaks
(Quercus kelloggii) and large ponderosa
pines (Pinus ponderosa) intermixed
with meadows of sedges, grasses and
wildflowers (Gibbens and Heady 1964;
Heady and Zinke 1978). This plant
community existed in the presence of
both natural wildfires and fires set in-
tentionally by Native Americans. Evi-
dence suggests that humans have in-
habited Yosemite Valley at various
times for at least 9,000 years. About
650 years ago, a more sedentary
lifestyle associated with the acorn as a
major food source seems to have been
adopted by the Native Americans (Na-
tional Park Service 1997). Fire and
sometimes hand-eradication were

Source: Gibbens and Heady, 1964



used to clear small, invading trees
from the meadows. This encouraged a
flush of new growth in grasses and
shrubs that provided highly nutritious
food for wildlife, enhanced berry pro-
duction, allowed for efficient acorn
collection, and permitted easier foot
travel.

Euroamericans came to Yosemite
Valley in the 1850s. They planted
crops and orchards, and created pas-
tures by fencing and draining mead-
ows. Fire was assumed to be destruc-
tive to agriculture and forestry, so
meadow burning was phased out on
the valley floor and wildfires were
routinely extinguished. Beginning in
1864, the valley came under the super-
vision of a succession of state and fed-
eral entities. Park managers in the
early part of this century had two of-
ten conflicting goals: to preserve natu-
ral conditions as much as possible and
to encourage public use. Fire was
thought to be essentially destructive
and wildfires were suppressed. The
glacial moraine was opened with ex-
plosives in 1879, reducing flooding
and lowering the water table in por-
tions of the valley. Agriculture con-
tinued throughout this period, but
decreased with the advent of large
numbers of tourists. Most of the
meadows were grazed by cattle until
1924, when the last dairy herd was
removed.

As a result of fire suppression poli-
cies and meadow draining, conditions
improved dramatically for conifer ger-
mination and for seedling and sapling
survival. Dense stands of conifers
came to occupy much of the valley
floor by replacing significant portions
of meadows and oak woodlands. The
predominant forest type in Yosemite
Valley is now a typical west-side, mid-
elevation, mixed-conifer Sierra forest
containing dense aggregations of pon-
derosa pine and incense-cedar
(Calocedrus decurrens), with smaller
numbers of black oak and other spe-
cies. On the hotter, drier north side of
the valley, scrub oak (Quercus
chrysolepis) is present in the understory
below mostly ponderosa pine. On the
shady south side, white fir (Abies
concolor) and Douglas-fir (Pseudotsuga
menziesii) constitute a significant por-

tion of the stand.
Many of the pines
have now reached
sizes in excess of 40
inches (100 centime-
ters) in diameter and
150 feet (50 meters) in
height. Many large
oaks died or suffered
extensive decay as a
result of being over-
topped and heavily
shaded by taller con-
ifers. Vistas from the
valley floor of sheer
granite cliffs, domes
and waterfalls have
often disappeared be-
hind a wall of inter-
vening forest (Gibbens
and Heady 1964).

Root-disease
pathogens

There are several
fungal root diseases
native to Yosemite
Valley. From a
resource-management
perspective,
Heterobasidion annosum is currently the
most important disease-causing patho-
gen. The fungus causes root decay and
mortality of coniferous trees through-
out the Northern Hemisphere (com-
monly known as annosus root dis-
ease). The fungus initially becomes
established in a forest stand via air-
borne spore infection of living trees.
The presence of fresh, still-living
stump tops associated with tree felling
increases the likelihood that H.
annosum will be established. The fun-
gus colonizes the stump and then
spreads into surrounding trees
through root-to-root contacts; H.
annosum cannot grow through soil.
Once infected, diseased pines tend to
die quickly because they are predis-
posed to attack by the western pine
beetle (Dendroctonus brevicomis) and
other scolytid beetles. Because bark
beetles associated with incense-cedars
are generally less aggressive, these
trees — when infected — tend to die
slowly and suffer extensive root decay,
which causes them to fall. The mortal-
ity of trees leads to the formation of

Aerial photos of Yosemite Lodge area in
1975 (upper), 1997 (lower). Area in which
root disease was detected is outlined.
Note the significant reduction in trees
due to root disease and hazardous-tree
removal.

openings in the forest canopy which
continue to enlarge as the fungus
moves into adjacent trees. Following
the death of a tree, H. annosum is ca-
pable of living as a saprobe. Receiving
nourishment from the decaying tree, it
slowly decomposes the underground
root wood for a number of years. Be-
cause of this saprobic phase, the fun-
gus has the capacity to infect regener-
ating conifers within a gap for 30 to 50
years. It is unlikely that H. annosum
will infect trees already dead from
other causes, as roots of these trees are
rapidly colonized by competing fungi.
Armillaria mellea (commonly known
as oak root fungus or shoestring root
rot) also appears to be present
throughout Yosemite Valley, particu-
larly in association with oaks. A. mellea
does not usually cause major losses in
native stands, although it is an impor-
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tant disease of orchard and landscape
trees in California. Lack of overstory
mortality in natural forests does not
necessarily mean absence of the fun-
gus. Our studies in other forest ecosys-
tems in California indicate that 50% to
100% of trees in forest stands may sup-
port A. mellea on their root systems,
usually confined to small lesions on
the outer parts (Baumgartner and
Rizzo, unpublished). As native trees
are cut, the fungus colonizes the dying
root systems, decays the wood and
builds inoculum. Under the right con-
ditions, with a susceptible host and fa-
vorable environment, A. mellea will
then attack adjoining trees. Unlike H.
annosum, A. mellea can kill both hard-
woods and conifers. Small forest-
canopy gaps caused by tree mortality
associated with A. mellea are now com-
mon in the valley.

Impact of past practices

While fungal root diseases are
clearly part of the natural ecosystem in
Yosemite Valley, human activities
have influenced the establishment and
spread of these diseases over the past
100 years. As the number of people
visiting Yosemite and staying over-

night in the valley increased, projects
were undertaken from the 1860s to the
present to enhance the tourist experi-
ence. These have involved felling trees
to open scenic vistas and accommo-
date building projects: campgrounds,
tourist lodging, residences for park
personnel and parking lots.

Droughts during the 1920s and
1930s led to extensive outbreaks of
western pine beetle and subsequent
ponderosa pine mortality in Yosemite
Valley. While timber production was
not a goal within the park, the exces-
sive tree mortality concerned park re-
source managers. Control of beetle
outbreaks was attempted by felling
beetle-infested trees during the winter
months. The beetle-infested bark was
then peeled off the top half of the log,
piled alongside, and burned (Miller
and Keen 1960). The fell-peel-burn
method was used extensively during
the 1920s and 1930s by managers, with
the goal of saving as many of the re-
maining large pines in Yosemite Val-
ley as possible.

These management actions pro-
duced thousands of stumps during
this period. As described previously,
freshly cut stumps are an important
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A Large gap caused by root disease.

4 Mortality gap (mostly pines) caused by Heterobasidion annosum.

starting point for infection by H.
annosum. Unfortunately, the impor-
tance of stump tops in the fungal in-
fection process was not demonstrated
until the 1950s. The potential impact of
tree felling was not known at the time
it was used extensively. By 1970, 161
gaps associated with H. annosum had
been identified in Yosemite Valley.
These gaps were found primarily in
campgrounds and other developed
areas (e.g., Yosemite Lodge, Camp
Curry, Ahwahnee Hotel, employee
housing), but a number of root-
disease gaps were located in the less-
developed west end of the valley. In
all cases, the gaps were initially asso-
ciated with a stump remaining after
tree felling.

J.R. Parmeter and colleagues at UC
Berkeley and U.S. Department of
Agriculture’s Forest Service (Felix et
al. 1974; Marosy and Parmeter 1989;
Parmeter et al. 1978, 1979) docu-
mented and mapped 68 discrete gaps
associated with H. annosum and cre-
ated a database that has been used to
follow progression of the disease over
the past 30 years. Today these gaps
range in size from just a few square
yards to over 1 acre (4,000 square



meters), with a mean gap size of 0.2
acre (712 square meters). By visiting
these 68 gaps at 1 to 5 year intervals,
we determined that the gaps enlarge
radially from an initial stump at an
average rate of 1.5 feet/year (0.47
meters/year). However, enlargement
rates are variable, even within a gap,
and may reach as high as 5 feet (1.5
meters) per year (table 1).

Recent research has revealed that
the fungus does not spread indefi-
nitely from the initial point of infec-
tion. Between 1965 and 1996, tree mor-
tality ceased at 36 of 68 gaps. Such
stabilization of gap enlargement is
common throughout California east-
side pine forests (Slaughter and
Parmeter 1995). While still under
study, reasons for this stabilization in-
clude a combination of factors acting
along gap perimeters such as compet-
ing root-decay fungi, the presence of
tree species not susceptible to infection
by H. annosum, or trees that are al-
ready dead when the fungus first en-
counters their roots.

The effect of H. annosum as it moves
through a stand is exemplified by the
Sentinel Beach gap (table 1). As it en-
larged to its current size of 0.63 acre
(2,535 square meters), 106 trees were
killed. This included a number of
pines that were well over 40 inches (1
meter) in diameter. The pines tended
to die much more quickly (within a
few years of root infection), while ce-
dars — with nonaggressive bark beetle
associates — declined more slowly.
Cedars generally die 10 to 30 years af-

ter adjacent pines die, giving more
time for H. annosum to occupy a large
portion of the still-living root system.
The consequence of this is a rapid con-

version of the stand to an overstory of §

incense-cedars, which also die over
time, leaving openings in the forest
canopy that are not occupied by trees.
After 30 years, most of the gaps we
surveyed had not returned to a closed
forest canopy. In campgrounds, most
gaps are now bare ground with no
vegetation. Gaps in less developed ar-
eas are mostly occupied by herbaceous
plants, shrubs and, less commonly,
conifer regeneration. In no instance
has regeneration in the gaps reached
higher than 10% of the surrounding
canopy height.

Once it became clear that root dis-
ease was associated with most conifer

mortality observed in Yosemite Valley, ""

park managers responded with a vig-
orous program of hazardous tree re-
moval. Researchers developed a haz-
ard rating system for incense-cedars
(work on pines was never completed)
to allow on-site workers to identify
trees most likely to fail (Srago et al.
1978). As time passed, some canopy
gaps ceased enlarging, while many
others continued to sustain tree mor-
tality and wind-throw at the gap
edges. Discrete gaps often coalesced
into large forest openings as tree mor-
tality and removals continued. As part
of a program to remove potential H.
annosum-infected trees from the devel-
oped areas and prevent further spread
of the disease, 247 trees were felled in

TABLE 1. Dimensions and rates of enlargement of eight Heterobasidion annosum associated gaps
in Yosemite Valley

1997 Maximum

Year 1997 Mean radial maximum enlargement
Gap started 1997 area mean radius enlargement rate enlargement rate

m m m/year m m/year
Upper Pines 1974 43 3.7 0.16 1.2 0.5
Rocky Paoint 1967 305 9.9 0.33 21.1 0.7
Lodge/Creek 1969 43 1.7 0.42 30.9 ' 5
Devil's Elbow 1965 639 14.3 0.45 294 0.9
Falls Trail 1968 1,145 19.1 0.66 30.5 11
Yellow Pine 1971 1,351 20.7 0.8 3ra 1.4
Cathedral Picnic 1970 1,863 24.4 0.9 35.7 1.3
Sentinel Beach 1965 2,535 28.4 0.89 45.3 1.4

Mean radius and radial enlargement rate were calculated based on the assumption of the gap as a circle
with the point of origin in the center. Maximum enlargement and enlargement rate were determined by
measuring the furthest progression of the disease in one direction from the point of origin. These 8 gaps
were selected as examples because they were (a) discrete (not coalescing with other gaps), (b) repre-
sented the range of gap areas, and (c) had complete data from all ground visits.

Sentinel Beach gap. Berries have replaced
trees in the area where the stand has been
opened due to root disease. Dead and dy-
ing trees can be seen at the gap margin.

the Yosemite Lodge complex between
1985 and 1987 (West 1989). There are
now two large areas, each approxi-
mately 10 acres in size, within the
lodge complex area that are virtually
treeless. While the spread of the dis-
ease has apparently been slowed in
this area, the presence of symptomatic
cedars that were not removed during
the original management action sug-
gest that the fungus is still present and
active on the site.

Many small root-disease gaps have
also become established since the
1970s. These occur often but not al-
ways in locations adjacent to older,
stabilized gaps. Some of these new
gaps are not associated with any
stumps, suggesting that there may be
other ways for the fungus to spread
throughout the valley forest besides
airborne spore germination on freshly
cut stump surfaces.

Complexities facing managers

The current goal of vegetation man-
agement in Yosemite National Park is
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Land managers struggle with tradeoffs:

Air quality concerns may hinder
prescribed burn efforts

David J.I. Tait

Fire is an important tool for managing
forest lands in Yosemite National
Park; yet, difficulties with air quality
have limited the park’s ability to meet
prescribed burning objectives. In an ef-
fort to balance air quality and resource
management, Yosemite is attempting
to minimize smoke emissions and
impacts during prescribed burns.
However, smoke management is still
controversial.

In recent decades, we have begun to
better understand fire as a historic and
natural component of Sierran ecosys-
tems. Burn scars in trees show that for-
est fires used to occur approximately
every decade. Prior to settlement by
European immigrants, lightning-
ignited fires regularly thinned forests
and consumed accumulated dead fuel.
According to Yosemite archaeologists,
the Yosemite Valley ecosystem
evolved with regular burning by Na-
tive Americans for at least the last 600
years.

Fire is beneficial to both plants and
wildlife. Resulting high-nutrient soil
enables sensitive plant species to
thrive. Fire-thinned brush fields pro-
vide more accessible wildlife habitat.
Thinned forests allow more light into
the understory, enabling the growth of
deciduous trees, shrubs and herba-
ceous plants, which are more palatable
to wildlife. Dense stands of conifers
can shade out and kill ancient oaks.
Fires can thin encroaching conifers, en-
abling the resilient oaks to grow well
in abundant sunlight and produce
acorns — a staple food source for deer
and other wildlife. Also, fire scarifica-
tion is essential for the seeds of some
plants to germinate. The Ackerson
wildfire of 1996, which “devastated”
over 64,000 acres of forest (51,000 acres
in Yosemite), demonstrated this point.

The Hetch Hetchy monkeyflower
(Mimulus filicaulis) was once on
Yosemite's rare plant list with only
three remaining populations, covering
less than a single acre combined. After
the Ackerson fire, it began to flourish
as a single population, which now
covers more than 5,000 acres. Many of
these plants germinated from seed that
had been dormant for over 50 years. A
more familiar plant, the famous Giant
Sequoia (Sequoiadendron gigantea) also
requires fire for natural propagation.

Yosemite National Park is one of
many federal land managers attempt-
ing to incorporate fire into forest man-
agement strategies to restore the natu-
ral processes that have shaped the
ecosystems of the Sierra Nevada. Dur-
ing the last century, policies of aggres-
sive fire suppression inhibited these
natural processes. The resulting dense
accumulations of forest fuels have con-
tributed to diminished forest health
and catastrophic wildfires. Realizing
the importance of fire, Yosemite
changed its fire policy in 1968, and in
1970 conducted the first prescribed
burn in the El Capitan Meadow of
Yosemite Valley. Under “prescribed”
conditions, lightning-ignited fires are
now allowed to burn in the back coun-
try, and management-ignited fires are
used to reduce hazard fuels and mimic
the natural process in areas of wildland-
urban interface.

Although fire is extremely benefi-
cial, it has a controversial drawback:
the impact on air quality from smoke.
Smoke consists of fine airborne par-
ticulate matter that contributes to re-
gional haze and can affect human
health. Children, the elderly, and per-
sons with respiratory conditions are
especially sensitive to these particles.
Yosemite is under close scrutiny to
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maintain National Ambient Air Qual-
ity Standards established under the
Clean Air Act. As a national park,
Yosemite is a Class 1 airshed, subject
to the highest visibility standards, and
Yosemite Valley does not meet the
federal standard for PM-10 (particu-
late matter less than 10 microns in di-
ameter) largely due to campfires.

Because of its topography and high
population, Yosemite Valley is the
most controversial area of the park for
prescribed burning. Under stable at-
mospheric conditions, the deep chasm
of the valley acts as a sump for smoke.
Campfires saturate the valley air with
smoke, and natural fires upriver can
pour smoke into the valley at night.
During stable atmospheric conditions,
poor quality air can be trapped under
inversions until the weather changes.
Complicating the problem further,
Yosemite Valley air quality is already
degraded by vehicle emissions, camp-
fires, and air pollution transported
from the Central Valley.

Especially in Yosemite Valley,
Yosemite fire management is taking
several measures to minimize public
exposure to smoke while accomplish-
ing resource management objectives.
During unstable atmospheric condi-
tions, smoke can loft out of the valley
with minimal human impact. Prior to
implementation of a controlled burn,
fuel loading is measured to determine
approximate smoke emissions. Then
managers develop a prescription for
the burn, identifying fuel moisture,
relative humidity, wind direction and
other factors to minimize smoke im-
pacts. The public is notified of the
planned burn location and acreage, as
well as anticipated impacts, and sug-
gest steps to minimize exposure. Burn
prescriptions are also crafted for opti-



Dawvid Rizzo

mum firefighter safety and combus-
tion of fuels. In some burn units, trees
up to 6 inches in diameter are me-
chanically thinned, dried and pile-
burned for more complete combustion.
In 1998, Yosemite instituted a
smoke-monitoring program using
hourly weather and smoke observa-
tions, time-lapse cameras, and real-
time PM-10 monitors to keep track of
smoke behavior and impacts, Test
burns are conducted to see if atmo-
spheric conditions are adequate to loft
and disperse the smoke. By identifying
smoke behavior, and adjusting pre-
scriptions as needed, Yosemite hopes
to minimize impacts on the public.
Mechanical thinning is often advo-
cated as an equivalent alternative to
fire, but there are at least two prob-
lems with this method. On one hand,
mechanical removal of trees can cause
detrimental disturbance to sensitive
plant and animal species. Secondly,
fresh-cut “live” tree stumps are more
susceptible to infection by spores from
the root-rot fungus and therefore may
contribute to the spread of disease.

Controlling smoke emissions
and impacts is a formidable task
because smoke behavior varies
with every change in the weather.
Yet, the need for smoke manage-
ment is becoming more evident.
Fire is now, more than ever, being
understood and managed to pro-
mote public safety and the health
of natural ecosystems, but the im-
pact of smoke on human health
may hinder its use. The Environ-
mental Protection Agency has en-
dorsed a more stringent PM-2.5
standard, which though designed
to protect public health from hu-
man-caused pollution, may inhibit
the ability of land managers to ful-
fill their mandate to restore the
role of fire in the natural environ-
ment. Already, because Yosemite
Valley has exceeded the standard
for PM-10, the use of fire in the
valley is strictly limited. Yosemite
has even been forced, at great cost, to
shut down natural and beneficial
lightning-ignited fires in wilderness,
due to public “nuisance” from the
smoke.

Fire is imminent. If forests are not
burned under controlled conditions,
they will inevitably burn later with
catastrophic results. According to Tom
Cahill, UC Davis professor of atmo-
spheric science, the extreme heat in-
tensity of wildfires vaporizes nitrogen
in living pine needles, creating nitrate
compounds that are major contribu-
tors to smog. Controlled fires do not
appear to create these chemicals be-
cause they burn at lower temperatures
and do not reach up into the trees. The
immediate air quality impacts from
prescribed burning can be a nuisance
and should be minimized. However,
unlike wildfires, prescribed burning
can enhance biological diversity and
prevent catastrophic fires with a less
severe impact on air quality.

D.].L Tait is Independent Air Monitoring
consultant and was Smoke Monitoring
Technician, Yosemite National Park.

to preserve, restore and perpetuate the
natural processes that act upon the na-
tive plant life as part of natural ecosys-
tem functioning (National Park Ser-
vice 1997). Under this management
protocol, vegetation in Yosemite Val-
ley would be expected to gradually re-
turn to the open meadows and pre-
dominantly open oak woodlands
present before the arrival of European
immigrants. The extensive stands of
high-density large pines and cedars
that currently occupy the valley would
be significantly reduced in area. Tree
mortality is now considered as just
one of numerous, ongoing ecological
processes.

Gaps caused by root disease in the
valley forest canopy are continually
opening, allowing colonization by a
variety of plant species (shrubs,
grasses, herbs) not normally present in
the shady understory of dense stands
of large trees. These gaps also provide
edge effects and increased food for
wildlife. Gaps can re-establish vistas
from the valley floor that had become
obscured by trees. It could, therefore,
be argued that naturally occurring
root diseases do not necessarily have a
negative effect on park vegetation. In
fact, root disease may aid the park in
its goal of reducing the density of con-
ifers in the valley. Given this perspec-
tive, a fungus such as H. annosum may
cause disease but also not be consid-
ered a “pest.” It would simply be part
of an ecological process that promotes
biodiversity.

From a different perspective, the
campground manager’s goals would
include providing a safe environment
for the public. When confronted with a
large pine having just fallen and
crushed a tent, he or she (and the tent
owner) would probably not consider
root disease as a positive part of the
environment. The hazardous tree re-
moval program is designed to prevent
such an occurrence, and is an example
of the trade-offs required when man-
agement goals conflict. To avoid wind-
throw in developed areas of the valley
and along major roads, trees must be
removed when root disease causes
substantial decay. Such decisions may
initially be unpopular with the public
because trees provide shade for camp-
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ers, protection from wind and habitat
for animals. Undeveloped portions of
the park (most of the area outside
Yosemite Valley) do not require such a
program.

These examples demonstrate that
like their 19th-century counterparts,
resource managers in national parks
today face conflicting goals: to pre-
serve natural conditions as much as
possible while encouraging public use.
An additional example of the conflict
between ecosystem function and pub-
lic use is demonstrated by efforts to re-
store fire to Yosemite Valley (see
sidebar page 22). Planned ignitions
(prescribed burns) have been used
since the 1970s to reintroduce fire into
the ecosystem. We do not have ad-
equate data on the influence of fire on
disease development. For example, re-
sidual trees may be more susceptible
to infection by H. annosum following a
prescribed burn, as fire scar wounds
may act as entry points for the fungus.
In addition, increased fuel loads
within enlarging gaps may make it
difficult to control fire intensity during
prescribed burns. The reintroduction
of fire into park ecosystems is another
area in which trade-offs may be re-
quired when conflicting goals and
competing environmental values are
integrated into management plans and
activities.

Knowledge of root disease is cur-
rently being integrated into park ser-
vice planning. Following severe flood-
ing of the Merced River in January
1997, many camping and lodging fa-
cilities in the valley were damaged or
destroyed. As planning progressed for
the relocation and construction of new
campgrounds, motel units, cabins and
dormitories, it was determined that
root diseases should be considered.
The current management policy for H.
annosum is to avoid initiating addi-
tional infection sites. Mitigation activi-
ties include the treatment of all conifer
stumps with Sporax (a borate chemical
which protects stump surfaces from H.
annosum spore germination) and the
sifting out of potentially H. annosum-—
infected root chunks from soils exca-
vated during construction. Revegeta-

tion planning emphasizes oak regen-
eration, which will minimize problems
associated with annosus root disease.
However, such revegetation plans
may now strongly influence the devel-
opment of Armillaria root disease. As
trees are cut to clear ground for new
buildings, buildup of A. mellea inocu-
lum may strongly impact residual
trees or newly planted trees. During
the restoration period, oaks should be
left undisturbed or, if necessary, to-
tally removed, including the entire
stump and root system. Post-
construction, long-term monitoring
will be essential if we are to assess the
efficacy of these and other guidelines.
Given the progress of existing gap
enlargement, the initiation of new
gaps, the hazardous nature of root-
rotted trees, and changing manage-
ment goals, one might ask if the dense
stands of large conifers now existing
in the valley are sustainable over the
long term. If the disease is allowed to
run its course, what will be the long-
term consequences? Currently we do
not have sufficient information on re-
generation of vegetation in disease-
caused gaps. If conifers colonize these
gaps, we do not know the probabilities
that they will be killed by residual H.
annosum before reaching maturity. We
have an incomplete understanding of
the genetic variability of the H. annosum
and A. mellea within gaps associated
with root disease. Research in the val-
ley is planned to determine the ori-
gins, spatial distribution, genetic vari-
ability and potential for enlargement
of existing root-disease gaps and ini-
tiation of new gaps. In the future we
need to evaluate the impact of canopy
gaps caused by root-disease fungi on
the valley ecosystem and determine the
implications of root disease on current
and proposed management practices.
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