Pathogens, Patterns, and
Processes in Forest Ecosystems

Pathogens influence and are influenced by forest development
and landscape characteristics

Jol;n D. Castello, Donald J. Leopold, and Peter J. Smallidge

Ithough pathogens are re-
garded as agents responsible

for the specific dynamics of
natural forest communities (Dick-
man 1992, Dinoor and Eshed 1984,
Haack and Byler 1993, van der Kamp
1991), they have received little at-
tention at the landscape level, espe-
cially compared to catastrophic
-hiotic disturbances, such as fire
blowdowns (Foster and Boose

22, Heinselman 1973). With so
much emphasis today on ecosystem
management and the maintenance
of natural disturbance regimes, the
role of pathogens deserves careful
scrutiny. Pathogens (biotic agents
that incite disease) differ from many
abiotic disturbances by selectively
eliminating the less vigorous or ge-
netically unfit individuals of a popu-
lation, yet the biotic and abiotic
agents are similar in that both func-
tion to recycle essential elements
and to alter forest development and
landscape patterns. Pathogen inter-
action with abiotic disturbance to
control the direction and rate of
forest succession also has received
minimal attention, although such
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Pathogens can
confound forest
management objectives

interactions can become important
especially when the landscape is
modified.

How do pathogens, which are
present in all forest ecosystems, in-
fluence forest dynamics? They exert
their influence primarily through
tree mortality, which can occur at
both the broad or large scale (forest
development) and fine or small scale
{gap phase). In this article, we
present the hypothesis that patho-
gens regulate, and in turn are regu-
lated by, patterns and processes in
forest ecosystems. We discuss the
impacts of pathogens on plant spe-
cies distributions, forest structure
and composition, succession, biodi-
versity, and landscape pattern. In
addition, we discuss how land-use
history and subsequent landscape
pattern promote disease develop-
ment. We conclude with a model
that attempts to integrate the inter-
action between pathogens, mortal-
ity, and forest development at both
the small and large scale.

Species distributions

and abundance

Pathogens are effective in control-
ling species occurrence (Dinoor and

Eshed 1984), particularly in the re-
generation layer (Grubb 1977). For
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Ash yellows, a bacterial disease of white ash, is thinning stands at Gettysburg
National Historic Park. Photos: D. J. Leopold.

in an expansion of canopy gaps
(Bloomberg and Reynolds 1985). In
the interior forests of British Co-
lumbia the pioneer species, Dou-
glas-fir or lodgepole pine (Pinus
contorta), are killed by Armillaria
ostoyae, and the gaps become filled
with the more disease- and shade-
tolerant western hemlock (Tsuga
_WHeterophylla), western red cedar
(Thuja plicata), or subalpine fir
(Abies lasiocarpa; Shaw and Kile
1991). Likewise, the number of co-
nifer species is greater within stands
infested by P. weirii than in the
surrounding uninfested stands, stand
age and tree biomass are lower, soil
temperatures are higher, and local
moisture patterns are altered (Boone
et al. 1988). These conditions delay

subsequent tree colonization.

Partial cutting and fire suppres- -
sion enhance Armillaria root dis- -
ease, which then alters species com-
position. In the dry mixed-conifer °

forests of western North America,

. * .
particularly where ponderosa pine :
(Pinus ponderosa), western white
pine, and western larch (Larix occi- -

dentalis) dominate, selection logging
and fire control favor the regenera-

tion of the more root-rot susceptible :

Douglas-fir (Pseudotsuga menziesii)

and true firs (Abies spp.; Byler et al. .

1990, Kile et al. 1991). Likewise,
the introduction and spread of white
pine blister rust into the northern
Rocky Mountains have enhar
mortality by Armillaria (Byler «

1990). The rust epidemic simulac...
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a partial cut by killing western white
pine in many forest stands and modj-
7 1g succession by reducing pine
( sneration. This outcome resulted
wr a shift in species composition
from the Armillaria-tolerant white
pine to the Armillaria-susceptible
Douglas-fir and grand fir (Abies
grandis).

Beech bark disease, caused by an
interaction between a scale insect,
Cryptococcus fagisuga, and the can-
ker fungus, Nectria coccinea, has
had significant impacts on Ameri-
can beech (Fagus grandifolia) and
northeastern US forest structure and
composition. Runkle (1990) docu-
mented the changes occurring in just
eight years in a mature eastern hem-
lock (Tsuga canadensis) stand in
New York affected by beech bark
disease. Mortality of American beech
was clumped owing to the limited
dispersal abilities of the causal agents
(Houston et al. 1979), and the sur-
viving beech stems were more regu-
larly dispersed than those in
predisease stands (Runkle 1990). On
typical hemlock sites, the disease

associated with an increase in
{ bundance of hemlock and de-
¢..uses in the abundance of Ameri-
can beech and yellow birch (Betula
alleghaniensis; Runkle 1990, Twery
and Patterson 1984). -

Root rot caused by P. cinnamomi
has a dramatic effect on structure
and composition of the eucalypt for-
ests of the Brisbane Ranges, Victo-
ria, Australia (Weste 1986). The
affected forest community changed
from open forest with a sclero-
phyllous understory to one with
large gaps dominated by sedges,
graminoids, and legumes. On patho-
gen-free sites tree density increased
by 10% from 1975 to 1985, whereas
on diseased sites density decreased
by 43% (Weste 1986). Susceptible
eucalypt species died and resistant
species increased. The fate of many
rare, endemic eucalypt species is of
great concern.

Interacting parameters

T"  “mpact of a pathogen on forest
d re and composition often is
de, _.dent upon many interacting
parameters. Menges and Loucks
(1984) attempted to predict the level

of spread, mortality, and commu-
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nity response to oak wilt, caused by
the fungus Ceratocystis fagacearum,
in Wisconsin. Predicted differences
in oak mortality were attributed pri-
marily to the efficiency with which
the insect vector transmits prop-
agules of the pathogen and less to
the amount of inoculum from out-
side the plot and size of the woodlot.
Response was predicted to be ex-
tremely variable and dependent upon
the initial forest composition. Ad-
vanced tree regeneration present
during the disease was favored by
the loss of red (Quercus rubra) and
black (Quercus velutina) oaks.
White oak (Quercus alba), black
cherry (Prunus serotina), and sugar
maple (Acer saccharum) typically
were favored, depending on com-
munity type. For example, on more
mesic sites, oak wiltaccelerated suc-
cession to forests dominated by sugar
maple.

The age and size-class structures
and species composition of swamp
forests in the US Great Lakes area
and Central States, which contain
canopy-sized American elms (Ulmus
americana), have been greatly al-
tered during the past 50 years, at
least in part, by Dutch elm disease
and/or elm yellows (Parker and
Leopold 1983). Elm yellows exacer-
bates Dutch elm disease by provid-
ing additional breeding material for
beetles. Elm yellows was first de-
scribed in 1880, when many elms
began to die in Kentucky, Indiana,
and Illinois (Garman 1882). Since
then, elm yellows and Dutch elm
disease have occurred together in
the Northeast and Midwest {Lanier
et al. 1988). ,

An increase in the importance of
shade-tolerant species due to the
death of elms was noted in an Illi-
nois forest where a 60% increase in
the basal area of sugar maple was
observed (Boggess and Bailey 1964).
In an Indiana woods, the death of
mature elms resulted in a threefold
increase in juvenile elm density be-
tween 1926 and 1976 (Parker and
Leopold 1983). In a central New
York forest American elm did not
replace itself in any significant
amount (Huenneke 1983). This lack
of elm replacement may have been
caused by elm yellows, which was
epidemic in this region at the time
(Lanier et al. 1988).

The density of dead canopy elp
affects the community respon;,
Where the density of dead elmsg w;
greater than 3 stems/ha, shrub de
sity in southern Wisconsin lowla,
forests increased significantly. p,
low this critical density, no comm,
nity response was detected (Dup
1986). Lowland forests sufferi
moderate to severe elm mortalj
following Dutch elm disease m;
become shrub dominated. Morta
ity of American and slippery ¢,
(Ulmus rubra) attributed to Dut
elm disease has led to a doubling
the importance value (the averag
of relative basal area plus relati
density plus relative frequency) ¢
white ash (Fraxinus americang
through an increase in the abyy
dance of white ash stems (Levenso
1980). White ash has become a m;
jor component of second-growr
forests in southeastern Wiscors
(Levenson 1981).

Formation of canopy gaps

Diseases play an important role i
the dynamics of old-growth fores
through the formation of canop
gaps. In mature and old-growth for
ests, pathogens create a spatiall
heterogeneous matrix of suscept bl
and resistant species. In a 350-yea
old mountain hemlock (Tsus.
mertensiana) forest in the Orego
Cascades, Cook (1982) determine
that stands infested with P. weir
for 300 years still contain suscef
tible species such as hemlock an
Pacific silver fir (Abies amabili
However, these species were inte
spersed amongst patches of the mor
resistant lodgepole and wester
white pines and Noble fir (Abi
procera). The frequency of resistar
species has increased and over
stand density has decreased in cor
parison to noninfested stands. T
resultant change in species richne
may in turn suppress the rate (
mycelial advance within infeste
stands (McCauley and Cook 1980

Patch-phase processes of disu
bance followed by gap colonizatic
maintain a greater number of sp
cies, uneven-aged stands, and ve:
etation mosaics (Worrall an
Harrington 1988). In the spruce-!
forests of Crawford Notch, Ne
Hampshire, biotic diseases a
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Forest regeneration within gap beneath an American beech that was killed by

beech bark disease in the Adirondack Park, NY.

ponderosa pine forests (Mlot 1991).
Similarly, approximately half of the
nesting sites of the endangered north-
ern spotted owl (Strix occidentalis)
are in dwarf mistletoe brooms (Irwin
etal. 1989). In addition, the number
of mule deer (Odocoileus hemionus)
and elk (Cervus elaphus) pellets were
higher in affected versus nonaffected
stands (Bennetts et al. 1991). In the
Southeast, the red-cockaded wood-
pecker (Picoides borealis) constructs
its nesting cavity in living southern
pines, particularly those with
heartrot (Walters 1991). Conversely,
chestnut blight and beech bark dis-
ease in the eastern United States
presumably have greatly lowered
mast (nuts used as food by wildlife)
production, lowering the diversity

of wildlife species until other spe-
cies provide a replacement food
source.

Land-use history, management
practices, and disease

Land-use history has an impact on
disease development. For example,
in central New York, extensive for-
est lands were cleared for agricul-
ture, so that by 1930 only 8% of the
land was forested and coverage was
fragmented. However, extensive
land abandonment and subsequent
reforestation increased the forest
cover to 40% by 1980 (Nyland et al.
1986). Yet, unlike the original f~--
est cover, these forcsts are «
aged, structurally heinogeneous,
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called islands with increased edge
~-+4 lower species richness occur-
within a heterogeneous land-
~€. White ash is a scattered tree
species in undisturbed eastern de-
ciduous forests (Braun 1950, Burns
and Honkala 1990), but it is one of
the most abundant species follow-
ing land abandonment (Zipperer et
al. 1990). The increased incidence
of white ash decline since 1930 may
be the result of a more homoge-
neous, even-aged host population
(Smallidge et al. 1991b).

Ash yellows, a bacterial disease
of white ash and the principal causal
agent of ash decline (Martteoni and
Sinclair 1985), may function as a
natural thinning agent in white ash
stands of old-field origin. The dis-
ease may accelerate forest develop-
ment beginning at stem exclusion,
where trees compete with one an-
other for available resources lead-
ing to mortality of the less competi-
tive individuals (Oliver 1981).
Mortality, growth decline, and ash
yellows are most common in stands
ar rhis stage of development (Han et

791, Smallidge et al. 1991b).

disease may accelerate forest
development until it reaches the un-
derstory reinitiation stage.

In the northeastern United States,
white ash stands that developed on
abandoned agricultural fields in the
early 1900s have reached the stem-
exclusion stage of forest succession.
The population of trees susceptible
to ash yellows is expected to dimin-
ish over time due to the effects of
disease, competition, and the coa-
lescence of forest islands.

Ash yellows, drought, stand char-
acteristics, landscape pattern, and
radial growth of white ash are inter-
related (Smallidge et al. 1991a).
However, the relationship between
ash yellows and landscape pattern is
more speculative. Forest islands with
dense stands of young white ash are
not contiguous with larger mature
forests, and so they may be more
sensitive to drought, more suscep-
tible to ash yellows, or closer to
potential vectors of the pathogen.
I( ‘se, the inadvertent establish-
I of biological corridors (i.e.,
the network of abandoned agricul-
tural fields) could enhance vector
movement, thus corridors may be
involved in the increased incidence

i
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of ash yellows in fragmented forest
landscapes.

The littleleaf disease of shortleaf
pine (Pinus echinata), caused in part
by P. cinnamomi, in the Piedmont
of the southeastern United States
has been exacerbated by changing
land-use history, species composi-
tion, and forest type. The rolling
hills of this region were cleared,
cropped, and abandoned several
times between 1700 and the 1930s.
Each wave of cropping and aban-
donment facilitated soil erosion and
resulted in a thin topsoil covering
clay subsoils with poor internal
drainage, low fertility, and limited
aeration. Shortleaf pine seeded into
abandoned fields and much of the
land reverted to pine, although the
natural vegetation of the Georgia
Piedmont is oak-hickory-pine forest
(Turner 1990). Fire suppression al-
lowed the trees to become estab-
lished (Oak and Tainter 1988). As
the trees aged on these poor sites
they became susceptible to attack by
P. cinnamomi, which ultimately
killed them. Since the 1920s, planted
and natural coniferous forests have
increased on the Georgia Piedmont
(Turner 1990) and elsewhere in the
Southeast, and many occur on
littleleaf-prone sites.

Management practices influence
the effects of pathogens on forest
structure and composition. During
the last 100 years, fire suppression
has resulted in forest stands in the
Yosemite Valley of California with
basal areas in excess of 110 m%¥ha.
This stocking level in association
with drought, bark beetle attack,
ozone stress, and annosus root rot
(caused by the fungus Hetero-
basidion annosum) led to extensive
mortality of ponderosa pine in the
1970s {Sherman and Warren 1988).
Incense cedar (Calocedrus decur-
rens) was not affected, and it has
replaced ponderosa pine as the domi-
nant species. Sherman and Warren
suggested that these forests may
eventually revert to a patchwork of
mixed conifers and open oaks, similar
to that which existed prior to 1850.

Variation in fire frequency and
forest management activities facili-
tate the development of otherwise
inconsequential diseases. Fusiform
rust, caused by the fungus Cronar-
tium fusiforme, was of minor im-

portance until the natural distribu-
tion of native pine species was al-
tered (Dinus 1974). In the nineteenth
century, longicaf pine (Pinu.
palustris) was extensively logged in
this region. Loblolly (Pinus taeda)
and slash (Pinus elliottii) pines,
which are more susceptible than
longleaf pine to fusiform rust, colo-
nized cutover longleaf pine sites.
Loblolly and slash pines also were
widely planted to replace longleaf
pine because of their rapid early
growth and ease of planting. Oaks,
which are the alternate hosts of the
fusiform rust fungus, also increased
in abundance as longleaf pine was
cut and fire-suppression policies be-
came common (Dinus 1974). These
activities resulted in an increase in
fusiform rust, from a curiosity in
1930, to a major problem today in
both plantations and natural forests
in the southern United States.

— In lodgepole pine forests of the

Rocky Mountains, landscape fea-
tures, disturbance, and stand struc-
ture and composition interact with
the incidence and severity of dwarf
mistletoe. Structural heterogeneity
increases the rate of spread of dwarf
mistletoe. Spread rates are fastest
from overstory trees to adjacent
younger and smaller trees, whereas
spread through even-aged stands is
much slower (Hawksworth and
Johnson 1989). Likewise, spread is
1.5 times faster in stands in which
the canopy has not closed than in
stands with closed canopies.

~ Wildfires enhance regeneration of
mistletoe-susceptible seral tree spe-
cies such as lodgepole pine (Hawks-
worth and Johnson 1989). Dissimi-
larities in fire history may explain
why dwarf mistletoe is more preva-
lent in the upper foothills than in
the lower foothills of the Rocky
Mountains of Alberta. During the
past 100 years, wildfires were ex-
tensive and complete in the lower
foothills; the lodgepole pine stands
that developed in these burned areas
are essentially free of mistletoe b:-
cause of the stands’ structural he-
mogeneity and closed canopies. In
the upper foothills, however, topo-
graphic and structural diversity pre-
vented the development of large
burns and promoted mixed size and
age classes. Many mistletoe-infected
trees survived and inoculated the
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atural distribyjevcloping regeneration (Baranyay
species was af1972), which may partially explain
n the nineteent§ why lodgepole pine dwarf mistletoe
pine (Pinyg ysually more common on ridge
sively logged if,nd slope sites than on bottom sites
y (Pinus taedgg Hawksworth 1958).
:lliottii) pingf Fire control, similarly, may have
isceptible thafjpcreased the amount of dwarf
form rust, colegm: tletoe in some lodgepole pine
leaf pine sitegfo -ts. In central Colorado, fire fre-
b uoncy peaked between 1860 and
90 and then declined, while dwarf
mistletoe incidence has increased to
planting. Oakgyhe point today where nearly every
ate hosts of th§rand 1s infested (Zimmerman and
fLaven 1984).
\gleaf pine wa§ More than 66% of isolated dwart-
sion policies befmistletoe infection-centers in a
15 1974). Thesfloduepole pine forest were located
¢ stand openings (Hawksworth
t <. 1987). Such openings are an
ttractive habitat for birds, which
isseminate seeds of dwarf mistle-
oe {Hudler et al. 1974). Birds may
rovide the mechanism for long-dis-
ance spread of the pathogen
Hawksworth et al. 1987).
. Where Armillaria species are ag-
®oressive root-rot pathogens, man-
g nent practices (e.g., logging and
spread of dwaffir. control) may affect disease ex-
ates are faste§pression directly by impact on in-
es to adjacenfoculum levels or indirectly by alter-
- trees, wherea€ation of species composition or stand
1-aged stands structure (Kile et al. 1991). Armil-
Elaria luteobubalina is an aggressive
swise, spread Eprimary pathogen of many eucalypt
itands in whic®and understory species in the forests
closed than igof central and southwestern West-
:anopies. ¢ fer \ustralia (Kile 1981). Most of
regenerationdggth. ¢ forests have a long history of
> seral tree spelogging. Although this fungus is
le pine (Hawksgpathogenic on eucalypts in unlogged
1989). Dissimitforests, the greatest incidence and
ry may explaigseverity of disease has been associ-
» is more previgated with repeated selection-cutting
yothills than igof the older trees (Edgaretal. 1976).
of the Rockglogging frequency rather than in-
cta. During th€tensity appears to be the critical
dfires were exgfa. ir. Selection curting places re-
te in the lowgSii al trees in close proximity to
ole pine stand¥noculum from fresh-cut stumps
:se burned area'(Kcllas et al. 1987).
>f mistletoe b In eastern Victoria, Australia,
> structural hodieback and mortality of eucalypts,
ed canopies. lCused by P. cinnamomi, became
however, top®#Severe afrer the combination of log-
al diversity prg®ing, wildfire, and high rainfall (Fagg
yment of largg®t 2l 1986). The distribution and
“mixed size asg!™ ot of the pathogen were af-
istletoe-infecte‘f“'. d by a combination of high
inoculated th&Moisture and temperature and low
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Figure 1. The role of pathogens in tree death and forest development. The model
integrates Manion’s decline-disease spiral (Manion 1991), Oliver’s model of forest
development following major disturbance (Oliver 1981), and gap-phase dynam-
ics. Some pathogens function as agents of mortality most effectively at specific
stages of forest development, some at many stages, and others as predisposing,
inciting, or contributing factors in the death of mature trees. Upward arrows
indicate the direction of forest development and downward arrows indicate

mortality.

microbial populations and fertility
(Weste and Marks 1987). Logging
increased soil moisture and tempera-
ture by reducing vegetation cover
and decreasing evapotranspiration,
In addition, the creation of logging
roads altered soil drainage patterns
and facilitated the spread of the fun-
gus. Wildfire, which followed log-
ging, killed some eucalypts outright
and weakened many others, perhaps
increasing their susceptibility to the
fungus.

Fire is the most important large-
scale disturbance factor that con-
tributes to landscape heterogeneity
in the Pacific Northwest (Dickman
and Cook 1989). However, fite epi-
sodes are strongly influenced by cli-
mate and by factors that cause fuels
to, accumulate. Insects and patho-
gens, including bark beetles, dwarf
mistletoe, western gall rust (caused
by Endocronartium harknessii),and
comandra rust {caused by Cronar-
tium comandrae), are important
causes of mortality in lodgepole pine
stands 100-200 years of age. Cli-
matic factors and pathogens inter-
act to influence the frequency of fire
(Dickman and Cook 1989). Addi-

tionally, older stands that contain
P. weirii-killed mountain hemlock
are most susceptible to fire.
root-rot infestations may inc.
the initiation and spread of tire.
Interactions among climate, fire, and
disease over long periods of time are
responsible for cyclical changes in
landscape pattern in these forests
(Dickman and Cook 1989).
Forest-management practices
have fragmented extensive tracts of
original forests in the Pacific North-
west, increasing the incidence of
some soil-borne tree diseases. The
so-called staggered-setting system of
timber harvesting (the creation of
small, widely interspersed clear cuts)
was developed in part to minimize
the impact of windthrow on forest
edges bordering clearcuts as well as
for aesthetic reasons. This practice
has resulted in a patchwork of old-
growth and young-growth forests
intersected by extensive road net-
works (Perry 1988). The networks
have altered drainage patterns and
increased incidence of Port-Orford-
cedar (Chamaecyparis lawsoniana)
root rot and black stain root dis ‘
(Hansen et al. 1986).
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Pathogens and forest stage: A
+ eptual model

I. ogens affect pattern and pro-
cess in forested landscapes. Their
effects are exerted primarily through
tree mortality or reduced competi-
tive ability, which may occur at the
small scale (gap phase) or at the
large scale (forest development), and
at any stage from stand initiation to
old growth. Pathogens may also
contribute to mortality as part of a
decline complex involving predis-
posing, inciting, and contributing
factors. To conceptualize“the im-
portant role of pathogens in forest
development, we have devised a
model that integrates the decline-
disease spiral (Manion 1991),
Oliver’s model of forest develop-
ment (Oliver 1981), and gap-phase
dynamics (Pickett and White 1985,
Watt 1947; Figure 1).

The concept of the decline-dis-
ease spiral involves the interaction
of many interchangeable factors on
a population of mature trees
(M-nion 1991). Predisposing stress

; lessen the ability of other-
v, nealthy trees to respond to
pathogens or injury-inducing agents
and are generally long term in dura-
tion. These stresses set the stage for
inciting factors, which are generally
short term in duration and may be
either physiological or biotic. Con-
tributing factors represent a collec-
tion of biotic or environmental fac-
tors that interact with predisposed
trees and inciting factors to cause
decline and eventual death. The pre-
cise set of interacting factors de-
pends upon the specific decline sce-
nario. Accordingly, pathogens may
function as either predisposing, in-
citing, or contributing factors within
a complex interaction that leads to
mortality (Figure 1).

Forest development following
major disturbance (i.e., one that
basically removes most or all of the
overstory trees) can be separated
into these four stages (Oliver 1981):
stand initiation, stem exclusion,
ur 'rstory reinitiation, and old
4 1. Following major distur-
b ., new individuals of trees,
shrubs, and herbs appear from seeds,
roots, or advanced regeneration
during the stand-initiation stage.
Soon, in the stem-exclusion stage,
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further recruitment is prevented but
changes in species dominance can
occur due to differences in species
growth rates and longevities. Later,
during the understory reinitiation
stage, new individuals of trees,
shrubs, and herbs appear. The old-
growth stage is reached as the ad-
vanced tree regeneration is able to
grow into the canopy after the over-
story trees die from various agents
within a stand. Barring an addi-
tional catastrophic disturbance, one
to a few canopy-dominant trees die
at various points within the stand
and throughout time, which allows
one to a few trees to regenerate in a
process known as gap-phase dynam-
ics (Pickett and White 1985, Wartt
1947).

Some pathogens may predomi-
nate at a particular stage of forest
development, whereas others may
occur across all stages (Figure 1).
Forexample, leafspotof black cherry
(Prunus serotina), caused by the fun-
gus Blumeriella jaapii, causes defo-
liation and death of seedlings less
than 30 cm in height (Stanosz 1989).
The disease is widespread in black
cherry-sugar maple stands on the
Allegheny Plateau and is locally se-
vere. In some stands, cumulative
mortality of two-year-old seedlings
has exceeded 70%.' In conjunction
with herbivory, this disease can sig-
nificantly impact regeneration of
black cherry at both the stand-ini-
tiation and understory-reinitiation
stages of forest development.

Ash yellows-induced mortality,
however, is much more prevalent
during stem exclusion. It may func-
tion as a natural thinning agent, in

“concert with competition-induced

mortality, to push stands toward
understory reinitiation.

Pathogens also have been shown
to alter competitive relationships in
short-rotation willow forests. Infec-
tion of willow by the rust fungus,
Melampsora epitea, altered the com-
petitive hierarchy between willow
clones, which lowered the canopy
height of infected individuals and
decreased their ability to compete
for light. All noninfected individu-
als survived, but 87% of infected
individuals died within three years

'G. Stanosz, 1994, personal communication.
University of Wisconsin, Madison, WI.

(Verwryst 1993),

On rthe other hand, pathogens
such as dwarf mistleroe and the roo
and burtt rot fungi (e.g., Armillar,
spp. and Phellinus weirii), becau e
of their slow and localized spread,

are likely to function primarily a5 .

gap makers in mature and old-
growth forests. The changes in di.
versity and the specific patterns thay
result from mortality of selected

“overstory trees are likely to depend

upon the site and species involved
(Holah et al.
with fire and wind, however, theue
pathogens may also induce wide-
spread mortality, which leads ulti-
mately to stand regeneration.
Armillaria root rot has also been
implicated as a contributing factor
in declines of many forest tree spe-
cies including birch, maple, white
pine, and oak predisposed by age,
drought, or insect defoliaticn
(Manion 1991). Viruses have beun
detected in many forest tree species
{Nienhaus and Castello 1989), and
their role as potential predisposing
factors in forest decline has been
postulated (Manfon 1991, Nienhaus
and Castello 1989). To date, viruses
have been detected in red spruce
(Picea rubens; Jacobi and Castello
1992, Jacobi et al. 1992), yellow
birch (Betula alleghaniensis; Berbce
1957, Gotlieb and Berbee 1973),
white ash (Castello et al. 1984),
European beech (Fagus sylvatica;
Hamacher and Quadt 1994), Euro-
pean silver fir (Abies alba; Flach-
mann et al. 1990), and Norway
spruce (Picea abies; Nienhaus 1985).
All of these species have experienced
decline symptoms in recent yeas.
However, as yet, the role of viris
infection in forest decline still re
mains speculative.

Disease and ecological balance

Disease is essential to ecological

balance in a natural forest. Becaust.
most are heterotrophic microorgan
isms, pathogens help to break down
and release elements sequesterid:
within trees and, by increasing mor,
tality, they facxhtate succession and
help to maintain genetic, species
and age diversity. i
Forest land managers, however.
generally view pathogens not as e5
sential to ecosystem function buf]
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