
humidity and

dominate wheres, s, an
met and prever

P~~,cesses Forest Ecosystems mentmaticinfluenceShas enabl
tion of a site-h~
to de~ermine ~Pathogens influence and are influenced by forest development be p

and landscape charactei’istics
Forest structu~
and.compositi

John D. Castello, Donald J. Leopold, and Peter J. Smallidge A dramatic exa~
impact is prov
blight, caused by

A gus Cryphon~lthough pathogens are re- example, in a study conducted American chestr
garded as agents responsible Pathogens can Panama, the location of seedli tara) was a dot
for the specific dynamics of survival of six tree species ~ nant species in ~

natural forest communities (Dick- confound forest greatly influenced by root part throughout muc
man 1992, Dinoor and Eshed 1984, gens. Pathogens caused the larg America until it
HaackandByler 1993, vanderKamp management objectives proportion of deaths among shai the forest canol:
1991), they have received.little at- seedlings of these species, but d blight fungus d~
tention at the landscape level, espe- ease-induced mortality was sign mid-1900s. Man
cially compared to catastrophic interactions can become important cantly reduced in light gaps (A~ the changes in si
-t’iotic disturbances, such as fire especially when the landscape is purger 1984). and structure in

blowdowns (Foster and Boose modified. The local and regional distrit dominated corer
~2, Heinselman 1973). With so How do pathogens, which are tion of eucalypt (Eucalyptus s~ disease (Keever 

much emphasis today on ecosystem present in all forest ecosystems, in- species vary as a result of their s~ Sivec 1973, Mc(
management and the maintenance fluence forest dynamics? They exert ceptibility to root rot caused 1980, Stephenso~
of natural disturbance regimes, the their influence primarily through Phytophthora cinnamomi. In ~n~ current stands hi
role of pathogens deserves careful tree mortality, which can occur at soils, this fungus kills suscepti hess of tree spe
scrutiny. Pathogens (biotic agents both the broad or large scale (forest eucalypt species, favoring the est~ stands before the
that incite disease) differ from many development) and fine or small scale lishment and growth of more re~ disease; America
abiotic disturbances by selectively (gap phase). In this article, tantspecies. As a result, suscepti ally had few co
eliminating the less vigorous or ge- present the hypothesis that patho- eucalypt species tend to occur on: ever, the species r.
netically unfit individuals ofa popu- gens regulate, and in turn are regu- drier ridges and resistant specie~ chestnut vary wit.
lation, yet the biotic and abiotic lated by, patterns and processes in the moist depressions and sw~ no single species
agents are similar in that both func- forest ecosystems. We discuss the (Burdon and Shattock 1980). dominant/codomi
tion to recycle essential elements impacts of pathogens on plant spe- Brunchorstia pinea, the ca~ ~upied by chest
and to alter forest development and cies distributions, forest structure agent ofScleroderriscanker ofpi~ 1986). It is still to
landscape patterns. Pathogen inter- and composition, succession, biodi- affects Corsican pine (Pinus n¢ the full impact o
action with abiotic disturbance to versity, and landscape pattern. In var. maritima) in northern Engl: the changes in fo~
control the direction and rate of addition, we discuss how land-use most seriouslyonnorth-facingsl0 have resulted beca
forest succession also has received history and subsequent landscape (Read 1968). Because the fungi’ s~meauthors (e.g.
minimal attention, although such pattern promote disease develop- favored by cold temperatures, inl Platt 1980)sugges

ment. We conclude with a model tion and mortality tend to occu~ f~restseventually-
that attempts to integrate the inter- pine growing in topographic dep: ests once domina
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fessor in the College of Environmental the small and large scale. (Manion 1991). tn°se’~diseases cauScience & Forestry, State University of White pine blister rust, cause~ spp. and Phellinu,.
New York, 1 Forestry Drive, Syracuse, Species distributions the fungus Cronartium ribicola, cific Northwest, c~13210. Peter J. Smallidge is an as-

at professor in the Program for and abundance fects the local distribution of e. COmposition, and
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State University, Frostburg, MD 21532. ling species occurrence (Dinoor and successful infection of pine, i are referred to as
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~m~ditY and temperatures below
oF. are required (Manion 1991). ",
t>, disease and mortality pre-

ommate where these conditions are
~cr and prevent the establishment ...~:,~

white pine. Knowledge of cli_

’,ms tici11fluences ondisease develop-
c~ has enabled the implementa- ,/

ti~,~ .,t a site-hazard rating system

~ ..:ermine where white pines
,~lopme, not be planted.

h~rcst structure
nd composition

dramatic example of pathogens’
impact is provided by chestnut

~gl~t. caused by the introduced fun-
~ u, (Tryphonectria parasitica.

~dy conducte ~m :~can chestnut (Castanea den-
~tion of see ~ was a dominant or codomi-
:tee species inspecies ~ forest communities

1 byroot p~!~ ~hrm~gbout much of eastern North
aused the la{g,i.kmcrica until it was eliminated in
:hs among sh.~J~thc forest canopy by the chestnut

species, but.~.~btighr fungus during the early to
:ality was signi mid-1900s. Many studies document
light gaps (A_t the changes in species composition

~ awi ,~ucture in former chestnut-
eegional distii d~,~m~ted communities after this
’.Eucalyptus s*i di~c.,,sc (Keever 1953, Mackey and
esult of their’~l $ivcc 1973, McCormick and Platt
,t rot cause~ 19Sl), Stephenson 1986). Typically,
,amomi. In n~0 current stands have a greater rich-
kills suscepfqt nc~s of tree species compared to

~voring the es’h mxnds before they were affected by
zth of moremore re~:* :li~case; American chestnut gener-
"esult, suscept all~ had few codominants. How-
ad to occur o~t~ev ... ~hc species replacing American¯ .* . . Ash yellows, a bacterial disease of white ash, is thinning stands at Gettysburg ,.’s~stant spec~es~¢h ~ut vary w~th locanon because
;~ons and swan(, ~ngie species has assumed the

National Historic Park. Photos: D.J. Leopold.

:ock 1980). ~.~d(,minant/codominant role once oc-
inea, the ca~!~c.upicd by chestnut (Stephenson in an expansion of canopy gaps subsequent tree colonization.
is cankerofp~i~19s6). It is still too early to evaluate (Bloomberg and Reynolds 1985). Partial cutting and fire suppres- ̄

nne (P~nus ~!~th~. ~ull ~mpact of th~s &sease and the interior forests of British Co- sion enhance Armillaria root dis- ’
mrthern Engla~tht. changes in forest dynamics that lumbia the pioneer species, Dou- ease, which then alters species corn- ¯

~ glas-fir or lodgepole pine (Pinus position. In the dry mixed-conifer"orth-facing sl0~avc resulted because of it, although
.use the fungui~somc authors (e.g.,McCormick and contorta), are killed by Arrnillaria forests of western North America,
n eratures mf Pl 1980 sup ,’i!~ ’ ) ggestthatoak-hickory ostoyae, and the gaps become filled parncula~ly where ponderosa pine

tend to occtir~fo.. ,ts eventually would replace for_ with the more disease- and shade- (Pinus ponderosa), western white ’
~oer~,a~t~hic de’}~es~,p, once dominated by American" tolerant western hemlock (Tsuga pine, and western larch (Larix occi-"
~s in the f°}~ch~’7’tnut’’-" lun, " ..Igeterophylla), western red cedar dentalis) dominate, selectionlogging~
t air accumul~ ’ ga~ root mseases, par~cularly~: (Thuja plicata), or subalpine fir and fire control favor the regenera- ̄

~-~th~,,~. diseases caused by Arrnillaria (Abies lasiocarpa; Shaw and Kile tion of the more root-rot susceptible
er rust, causffd~spp. and Phellinus weirii in the Pa- 1991). Likewise, the number of co- Douglas-fir (Pseudotsuga menziesii)
tium ribicolai~iI cit’c Northwest, can alter structure, nifer species is greater within stands and true firs (Abies spp.; Byler et al.
:ribution of ~c~mp~sition, and community pat- infested by P. weirii than in the 1990, Kile et al. 1991). Likewise,
Cs) and weq.~tcr:; t,~ the extent that forest com- surrounding uninfested stands, stand the introduction and spread of white

rnonticola)..}Jm "~ affected by these diseases age and tree biomass are lower, soil pine blister rust into the northern

)n of pine,~ar !erred to as "root-disease cli- temperatures are higher, and local Rocky Mountains have enhar

summer wea!t~rn’~ "~~" (van der Kamp 1991). Root moisture patterns are altered (Boone mortality by Armillaria (Byler -

of 100% rel part~gcns spread locally and result et al. 1988). These conditions delay 1990). The rust epidemic simula~.~



a partial cut by killing western white nity response to oak wilt, caused by The density of dead canopy elm
counted for 6mne in many forest stands and modi_ thefungus Ceratocystisfagacearum, affects the community respons~
the lowestele~g succession b~ reducing pine in Wisconsin. Predicted differences

Where the density of dead elms \v~
and butt rot

:neration. This outcome resulted in oak mortality were attributed pri- greater than 5 stems/ha, shrub c!er
gap makers

,~ a shift in species composition
marily to the efficiency with which sity in southern Wisconsin lowla~

balsam fir (2
from the Armillaria-tolerant white the insect vector transmits prop-

forests increased significantly. 8(
sam fir is vet

pine to the Armillaria-susceptible agules of the pathogen and less to low this critical density, no commt
pathogens, an

Douglas-fir and grand fir (Abies the amount of inoculum from out- nity response was detected (Dun
this species at

grandis), side the plot and size of the woodlot. 1986). Lowland forests sufferin
because of th

Beech bark disease, caused by an Response was predicted to be ex-
moderate to severe elm mortalil

pathogens tinteraction between a scale insect,
tremelyvariableanddependentupon following Dutch elm disease rna Harrington 1-~Cryptococcusfagisuga, and the can- the initial forest composition. Ad- become shrub dominated. Mortaker fungus, Nectria coccinea, has vanced tree regeneration presgnt ity of American and slippery elf Pathogen imhad significant impacts on Ameri-
during the disease was favored by (Ulmus rubra) attributed to Dutc

site conditioJ
can beech (Fagus grandifolia) and

the loss of red (Quercus rubra) and elm disease has led to a doubling(
.northeastern US forest str,ucture and black (Quercus velutina) oaks. the importance value (the averag Pathogens imcomposition. Runkle (1990) docu-

White oak (Quercus alba), black of relative basal area plus relati~
conditions, wimented the changes occurring in just cherry (Prunus serotina), and sugar density plus relative frequency) gen impact oreight years in a mature eastern hem-

maple (Acer saccharum) typically white ash (Fraxinus americana nity. Young mlock (Tsuga canadensis) stand in were favored, depending on corn- through an increase in the abu~ generating inNew York affected by beech bark
munity type. For example, on more dance of white ash stems (Levens0: centers often adisease. MortalityofAmerican beech
mesic sites, oak wilt accelerated suc- 1980). White ash has become a rn~ tion, whereas (was clumped owing to the limited cession toforestsdominatedbysugar )or component of second-growti hy the fungus.dispersalabilitiesofthecausalagents maple, forests in southeastern Wiscorsi /1984)recorde(Houston et al. 1979), and the sur- The age and size-class structures (Levenson 1981). in nitrogen min,viving beech stems were more regu- and species composition of swamp

ability in a moularly dispersed than those in
forests in the US Great Lakes area

Formation of canopy gaps following diebaprediseasestands (Runkle 1990). 
and Central States, which contain

They postulate,typical hemlock sites, the disease
canopy-sized American elms (Ulmus Diseases play an important role i: trogen availabiiassociated with an increase in americana), have been greatly al- the dynamics of old-growth forest sistance of moubundance of hemlock and de- tered during the past 50 years, at through the formation of canop weirii until nitr~---.,ses in the abundance of Ameri- least in part, by Dutch elm disease gaps. In mature and old-growth for limiting, at whcan beech and yellow birch (Betula
and/or elm yellows (Parker and ests, pathogens create a spatiall hemlock again ~alleghaniensis; Runkle 1990, Twery Leopold 1983). Elm yellows exacer- heterogeneous matrix of suscept bl In a concurreand Patterson 1984). bates Dutch elm disease by provid- and resistant species. In a 350-year trolled conditiRoot rot caused by P. cinnamomi
ing additional breeding material for old mountain hemlock (Tsu~. Waring(1984)has a dramatic effect on structure beetles. Elm yellows was first de- mertensiana) forest in the Oreg0: gcn nutrition siand composition of the eucalypt for_ scribed in 1880, when many elms Cascades, Cook (1982) determine, the extent of f,ests of the Brisbane Ranges, Victo- began to die in Kentucky, Indiana, that stands infested with P. weir: loss in mountairria, Australia (Weste 1986). The
and Illinois (Garman 1882). Since for 300 years still contain susce~ inoculated withaffected forest community changed then, elm yellows and Dutch elm tible species such as hemlock an shading increasefrom open forest with a sclero-
disease have occurred together in Pacific silver fir (Abies amabi!is of the seedlin~phyllous understory to one with the Northeast and Midwest (Lanier However, these species were inter Matson and Wallarge gaps dominated by sedges,
et al. 1988). ¯ spersed amongst patches of the rn0r increased nitroggraminoids, andlegumes. Onpatho- An increase in tl~e importance of

resistant lodgepole and wester lollowing fungm,gen:free sites tree density increased shade-tolerant species due to the white pines and Noble fir (Abi, increase the resiby 10% from 1975 to 1985, whereas
death of elms was noted in an Illi- procera). The frequency ofresista~ lock regeneratioon diseased sites density decreased nois forest where a 60% increase in species has increased and over~ mediate reinfcctby 43% (Weste 1986). Susceptible
the basal area of sugar maple was stand density has decreased in co~ t’rating stands.eucalypt species died and resistant observed (Boggess andBailey 1964). parison to noninfested stands. Ttspecies increased. The fate of many In an Indiana woods, the death of resultant change in species richnes Effect on animrare, endemic eucalypt species is of
mature elms resulted in a threefold may in turn suppress the rate ~great concern, increase in juvenile elm density be- mycelial advance within infeste "Free pathogens i~
tween 1926 and 1976 (Parker and stands (McCauley and Cook 1980 richness and dive~

Interacting parameters Leopold 1983). In a central New Patch-phase processes of dis:u: ties. Structural cl~
¯ York forest American elm did not bance followed by gap colonizati0 r~st, lting from dT’ npact of a pathogen on forest replace itself in any significant maintain a greater number of sp,

1987).
s[ re and composition often is

amount(Huenneke 1983). This lack cies, uneven-aged stands, and vei
animal habitats

d=%-,dent upon many interacting of elm replacement may have been ’ Both bird divmetation mosaics (Worrall a~
~er of bird specie

parameters. Menges and Loucks caused by elm yellows, which was
Harrington 1988). In the spruce-!

latedtotheintensi
(1984) attempted to predict the level epidemic in this region at the time forests of Crawford Notch, Neof spread, mortality, and commu-

(Lanier et al. 1988). Hampshire, biotic diseases a, t~etArceuthobiun
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unity respons~ hc lowest elevations studied. Root
)f dead elms wi nd butt rot fungi were important
s/ha, shrubdet ,~p makers particularly affecting
sconsin lowlan .i~lsam fir (Abies balsamea). Bal-
ignificantly, gt am fir is very susceptible to root
.sity, no comm~pathogens, and the relative rarity of
detected (Du~thi, speciesatl°welevati°n may be

orests sufferi~bt ,,ttlse of the abundance of root
,~ elm mortalit~l~: ~,,gens there (Worrall and
lm disease ma~:::ington 1988).
dnated. MortaI~
~d slippery el~Pathogen impact on stand and
!buted to Dutc~:,,, conditions
to a aouDung 0~
ue (the averag~pathogens impact stand and site
ea plus relati~:onditions, which underlie patho-
e frequency)’~gei~ impact on the forest commu-
us arnericana}~[ai~,,. Young mountain hemlock re-
.e in the abun~gt .:ating in P. weirii infection
;tems (Levens0~[a ors often are resistant to infec-
ts become a rna~tU,!~, whereas older trees are killed
second-growi~.bv the fungus. Matson and Boone
tern Wiscons!~(i984) recorded a twofold increase

{~in nitrogen mineralization and avail-
i~ability in a mountain hemlock stand

ony ~ar~s i{:~following dieback due to P. weirii.
r ~ r -~’~Th,w postulated that increased ni-

~ ortant role i ’tr~,gen availability increases the re-
-Pdrowth foresit~si .a,,ce of mountain hemlock to P.
:ion of canop~’u’ .;~ until nitrogen again becomes
old-growth fo;~.]imiting, at which point mountain
ate a spatiall.~ ~cmlock again becomes susceptible.
x of susceptibl~ In a concurrent study under con-
Ina350-yearl "oiled conditions, Matson and

"nlock (Tsug, Waring(1984) reported that nitro-
in the Orego~ gen nutrition significantly reduced
82) determine, :he extent of foliage damage and

with P. weir~ o,s in mountain hemlock seedlings
:ontain suscep iv t~lated with P. weirii, whereas Forest regeneration within gap beneath an American beech that was killed by

s hemlock an~ sl. ,~ng increased the susceptibility beech bark disease in the Adirondack Park, NY.

hies arnabilis) ot the seedlings to the fungus.

:ies were inter Matson and Waring postulated that ponderosa pine forests(Mlot 1991). of wildlife species until other spe-

:hesofthemor, increased nitrogen and light levels Similarly, approximately half of the cies provide a replacement food

and westerl following fungus-induced mortality nestingsitesoftheendangerednorth- source.

)ble fir (Able. increase the resistance of the hem- ern spotted owl (Strix occidentalis}

ncy of resistan lock regeneration and prevent im- are in dwarfmistletoe brooms (Irwin Land-use history, management
,’d and overal mediate reinfection of the regen- etal. 1989). In addition, thenumber practices,/and disease
:teased in cofii er~ving stands, of mule deer (Odocoileus hemionus)
ed stands. Tht and elk (Cervus elaphus)pellets were Land-use history has an impact on

pecies richnes~ E:,cct on animal species higher in affected versus nonaffected disease development. For example,

ss the rate 01 stands (Bennetts et al. 1991). In the in central New York, extensive for-

~ithin infestei Tree pathogens indirectly affect the Southeast, the red-cockaded wood- est lands were cleared for agricul-

.d Cook 1980). irichness and diversity of animal spe- pecker (Picoides borealis) constructs Lure, so that by 1930 only 8% of the

:sses of distur’ icies. Structural changes in the forest its nesting cavity in living southern land was forested and coverage was

tpcolonizati0~ resulting from diseases can affect pines, particularly those with fragmented. However, extensive

~umber of spe" animal habitats (Franklin et al. heartrot (WaIters1991). Conversely, land abandonment and subsequent

lnds, and veg" 19,~7}. chestnut blight and beech bark dis- reforestation increased the forest

Worrall a~d I;~rh bird diversity and the num- ease in the eastern United States cover to 40% by 1980(Nylandetal.

~ the spruce-fi~ b, ’,[ bird species were directly re- presumably have greatly lowered 1986). Yet, unlike the original
¯ as food b wildlife est cover these for,’~ts are ~Notch Ne~la l tothemtens~tyofdwarfmtstle- mast {nuts used y ) , ..-

diseas’es a~’lt(’~~Arceuthobiumspp.)inColorad° production, lowering the diversity aged, structura!lyhv~ogeneous,

Vol. 45 No ’]~ ]’",ta~vi 1995 19



called islands with increased edge of ash yellows in fragmented forest portance until the natural distribu- developi~~-.4 lower species richness occur- landscapes, tion of native pine species was al- 1972), ,; within a heterogeneous land- The littleleaf disease of shortleaf tered (Dinus 1974). In the nineteenth why Iod~.,e. White ash isa scattered tree pine (Pinus echinata), caused in part century, longleaf pine (Pinup: is usuall’species in undisturbed eastern de- by P. cinnamomi, in the Piedmont palustris) was extensively logged in and slop(ciduous forests (Braun 1950, Burns of the southeastern United States this region. Loblolly (Pinus taeda) (Hawksx~and Honkalh 1990), but it is one of has been exacerbated by changing and slash (Pinus elliottii) pines, Fire ccthe most abundant species follow- land-use history, species composi- which are more susceptible than increase~ing land abandonment (Zipperer et tion, and forest type. The rolling longleafpine to fusiform rust, colo- mistletoeal. 1990). The increased incidence hills of this region were cleared, nized cutover longleaf pine sites, forests. Irof white ash decline since 1930 may cropped, and abandoned several Loblolly and slash pines also were quency pbe the result of a more homoge- times between 1700 and the 1930s~ widely planted to replace longleaf 1890 andneous, even-aged host population Each wave of cropping and aban- pine because of their rapid earl), mistletoe(Smallidge et al. 1991b). donment facilitated soil erosion and growth and ease of planting. Oaks, the pointAsh yellows, a bacterial disease resulted in a thin topsoil covering which are the alternate hosts of the stand is iof white ash and the princit~al causal clay subsoils with poor internal fusiform rust fungus, also increased Laven 19:agent of ash decline (Matteoni and drainage, low fertility, and limited in abundance as longleaf pine was MoretlSinclair 1985), may function as aeration. Shortleaf pine seeded into cut and fire-suppression policies be- mistletoenatural thinning agent in white ash abandoned fields and much of the came common (Dinus 1974). These lodgepolestands of old-field origin. The dis- land reverted to pine, although the activities resulted in an increase in near stan~ease may accelerate forest develop- natural vegetation of the Georgia fusiform rust, from a curiosity in et al. 198ment beginning at stem exclusion, Piedmont is oak-hickory-pine forest 1930, to a major problem today in attractivewhere trees compete with one an- {Turner 1990). Fire suppression al- both plantations and natural forests disseminatother for available resources lead- lowed the trees to become estab- in the southern United States. toe (Hudleing to mortality of the less competi- lished (Oak and Tainter 1988). As -- In lodgepole pine forests of the provide th,rive individuals (Oliver 1981). the trees aged on these poor sites Rocky Mountains, landscape fea- tance sp~Mortality, growth decline, and ash they became susceptible to attack by tures, disturbance, and stand struc- (Ha~vksw¢yellows are most common in stands P. cinnarnorni, which ultimately ture and composition interact with Where ear this stage of development (Han et killed them. Since the 1920s, planted the incidence and severity of dwarf gressive rc~91, Smallidge et al. 1991b). and natural coniferous forests have mistletoe. Strlctural heterogeneity agement p~~
disease may accelerate forest increased on the Georgia Piedmont increases the rate of spread of dwarf fire controdevelopment until it reaches the un- (Turner 1990) and elsewhere in the mistletoe. Spread rates are fastest pression diderstory reinitiation stage. Southeast, and many occur on from overstory trees to adjacent oculum levIn the northeastern United States, littleleaf-prone sites, younger and smaller trees, wherea~; ation ofspewhite ash stands that developed on Management practices influence spread through even-aged stands is structure (Iabandoned agricultural fields in the the effects of pathogens on forest much slower (Hawksworth and laria luteoLearly 1900s have reached the stem- structure and composition. During Johnson 1989). Likewise, spread is primary pa~exclusion stage of forest succession, the last 100 years, fire suppression 1.5 times faster in stands in which and underslThe population of trees susceptible has resulted in forest stands in the the canopy has not closed than in of central ~to ash yellows is expected to dimin- Yosemite Valley of California with stands with closed canopies, ern Australish over time due to the effects of basal areas in excess of 110 mi/ha. - Wildfires enhance regeneration of these forestdisease, competition, and the coa- This stocking level in association mistletoe-susceptible seral tree spe- logging. A]lescence of forest islands, with drought, bark beetle attack, cies such as lodgepole pine (Hawks- pathogenic,Ash yellows, drought, stand char- ozone stress, and annosus root rot worth and Johnson 1989). Dissimi- forests, theacteristics, landscape pattern, and (caused by the fungus Hetero- larities in fire history may explain severity of~radial growth of white ash are inter- basidion annosum) led to extensive why dwarf mistletoe is more preva- ated with re

related (Smallidge et al. 1991a). mortality of ponderosa pine in the lent in the upper foothills than in of the older l
However, the relationship between 1970s (Sherman and Warren 1988). the lower foothills of the Rocky Logging freash yellows and landscape pattern is Incense cedar (Calocedrus decur- Mountains of Alberta. During the tensity app~more speculative. Forest islands with tens) was not affected, and it has past 100 years, wildfires were ex- factor. Sele~dense stands of young white ash are replaced ponderosa pine as thedomi- tensive and complete in the lower sidual trees
not contiguous with larger mature nant species. Sherman and Warren foothills; the lodgepole pine stands inoculum f~forests, and so they may be more suggested that these forests may that developed in these burned areas (Kellas et al.
sensitive to drought, more suscep- eventually revert to a patchwork of are essentially free of mistletoe b~.- In easter:
tible to ash yellows, or closer to mixed conifers and open oaks, similar cause of the stands’ structural by- dieback and
po’"ntial vectors of the pathogen, to that which existed prior to 1850. mogeneity and closed canopies. In caused by .¢
~( se, the inadvertent establish- Variation in fire frequency and the upper foothills, however, topo- severe after t
r~ of biological corridors (i.e., forest management activities facili- graphic and structural diversity pre- ging, wildfire
the network of abandoned agricul- tare the development of otherwise vented the development of large et al. 1986).
rural fields) could enhance vector inconsequential diseases. Fusiform burns and promoted mixed size and impact of tl
movement, thus corridors may be rust, caused by the fungus Cronar- age classes. Many mistletoe-infected fected by a
involved in the increased incidence tium fusiforrne, was of minor im- trees survived and inoculated the moisture anc
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species was a1~97~), which may partially explain OLD-GROWTH
n the n,neteent~£vhv ,odgepole pine dwarf mistletoe

FORES]-~~~~~/ /pine (PinuEis dsually more common on ridge
sively logged i~,~d slope sites than on bottom sites

?lliottii) pines~ Fire control, similarly, may have
l sceptible thar~i llcreased the amount of dwarf
form rust, cote~W rletoe in some lodgepole pine
leaf pine site~fo ~ts. Incentral Colorado, fire fre-
~ines also wer~qu~tcy peaked between 1860 and

~1890 and then declined, while dwarfeplace longlea
eir rapid earl, nistletoe incidence has increased to
planting. Oa~ he point today where nearly every

STAN~I~ITIATION ]are hosts of th, also increase, ;tand.aven is1984).infested (Zimmerman and

~gleaf pine wa More ~han 66% of isolated dwarf-
;ion policiesb~ nistletoe infection-centers in a
~s 1974). Thes od~epole pine forest were located ~ ~ High density
t an increase ~c stand openings (Hawkswor~h

Lowdensity urcerel
tree morality tree morality

a curiosity :t ,d. 1987). Such openings are an (small-scale) (large-scale)
oblem today ttractive habitat for birds, which
I natural fores isseminate seeds of dwarf mistle- Figure 1. The role of pathogens in tree death and forest development. The model
:ed States. ~ ~e (Hudler et al. 1974). Birds may integrates Manion’s decline-disease spiral (Manion 1991), Oliver’s model of forest

: forests of th provide the mechanism for long-dis- development following major disturbance (Oliver 1981), and gap-phase dynam-

landscape fe~ tance spread of the pathogen ics. Some pathogens function as agents of mortality most effectively at specific

.nd stand stru~ :(Hawksworth et al. 1987). stages of forest development, some at many stages, and others as predisposing,

,n interact wit Where Armillaria species are ag-
inciting, or contributing factors in the death of mature trees. Upward arrows

:verity of dwa~ cessive root-rot pathogens, man-
indicate the direction of forest development and downward arrows indicate

I heterogenmt ~g ~ent practices (e.g., logging and
mortal.ity.

spread of dwa~ fir~ control) may affect disease ex-
~tes are faste ,ression directly by impac~ on in- microbial populations and fertility tionally, oldcr stands that contain

es to adjacer ,culum levels or indirectly by alter- (Wes~e and Marks 1987). Logging P. weirii-killed mountain hemlock

:trees, where~ donofspeciescomposirionorstand increased soil moisture and tempera- are most susceptible to fire.

>aged stands ;tructure (Kile er al. 199l). Armil- ture by reducing vegetation cover root-rot infestations may inc.

wksworth an ~laria luteobubalina is an aggressive and decreasing evapotranspiration, the initiation and spread of hre.

~wise, spread ?rimary pathogen of many eucalypt In addition, the creation of logging Interactions among climate, fire, and

;tands in whk md understory species in ~he forests roads altered soil drainage patterns disease over long periods of time are

closed than ?f.central and southwestern West- and facilitated the spread of the fun- responsible for cyclical changes in

canopies. :r’ ~ustralia (Kile 1981). Most gus. Wildfire, which followed log- landscape pattern in these forests

regenerationo! :h, ~ forests have a long history of ging, killed some eucalypts outright (Dickman and Cook 1989).

: seral tree sp~..ogging. Although this fungus is and weakened many others, perhaps Forest-management practices

le pine (Hawks pathogenic on eucalypts in unlogged increasing their susceptibility to the have fragmented extensive tracts of

1989). Dissimi ~orests, the greatest incidence and fungus, original forests in the Pacific North-

ry may explai~ ~everity of disease has been associ- Fire is the most important large- west, increasing the incidence of

:is more prev~ ’ated with repeated selection-cutting scale disturbance factor that con- some soil-borne tree diseases. The

)othills than i~ brahe oldertrees (Edgareral. 1976). tributes to landscape heterogeneity so-called staggered-setting system of

of the Ro& logging frequency rather than in- in the Pacific Northwest (Dickman timber harvesting (the creation

eta. During th~fte~siry appears to be d~e critical and Cook 1989). However, fireepi- small, widelyinterspersedclearcuts)

dfires were extra, ,r Selection cutting places re- sodes are strongly influenced bycli- was developed in part to minimize

te in the low~ ~ic~ ~al trees in close proximity to mate and by factors that cause fuels the impact of windthrow on forest

,ole pine stand~ [noculum from fresh-cur stumps to~ accumulate. Insects and patho- edges bordering clearcuts as well as

:se burned are~’ [Mellas et al. 1987). gens, including bark beetles, dwarf for aesthetic reasons. This practice

~f mistletoe b~ In eastern Victoria, Australia, mistletoe, western gall rust (caused has resulted in a patchwork of old-

’ structural h0 dieback and mortality of eucalyp~s, by Endocronartiumbar~nessii),and growth and young-growth forests

ed canopies. I~ caused by P. cinnamomi, became comandra rust (caused by Cronar- intersected by extensive road net-

however, tope severe after the combinationoflog- tium comandrae), are important works (Perry 1988). The networks

al diversity pr~ ging, wildfire, and high rainfall (Fagg causes of mortality in lodgepole pine have altered drainage patterns and

~ment of larg; et ~1. 1986). The distribution and stands 100-200 years of age. Cli- increased incidence of Port-Orford-

mixed size a~ ira: :,:r of the pathogen were af- matic factors and pathogens inter- cedar (Cbamaecpparis lawsonian,~
~stletoe-infect0 fec. d by a combination of high act to influence the frequency of fire root

inoculated t~ moisture and temperature and low (Dickman and Cook 1989). Addi- (Hansenetal. 1986).
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Pathogens and forest stage: A further recruitment is prevented but (Verwijst 1993). rather aseptual model changes in species dominance can On the other hand, pathogens with manal
occur due to differences in species such as dwarf mistletoe and the ro~)t proposef, ogens affect pattern and pro- growth rates and longevities. Later, and butt rot fungi (e.g., Armillar,~ selves forestcess in forested landscapes. Their during the underst0ry reinitiation spp. and Phellinus weirii), because may or mayeffects are exerted primarily through stage, new individuals of trees, of their slow and localized spread, human mantree mortality or reduced competi- shrubs, and herbs appear. The old- are likely to function primarily as Asforestrtiveability, which may occur at the growth stage is reached as the ad- gap makers in mature and old- on sustaine~small scale (gap phase) or at the vanced tree regeneration is able to growth forests. The changes in di- system heahlarge scale (forest development), and grow into the canopy after the over- versity and the specific patterns that ties have b,at any stage from stand initiation to story trees die from various agents result from mortality of selected Past manageold growth. Pathogens may also within a stand. Barring an addi; overstorytrees are likely to depend use (e.g., contribute to mortality as part of a tionalcatastrophic disturbance, one upon the site and species involved abandonmer

decline complex involving predis- to a few canopy-dominant trees die (Holah et al. 1993). In conjuncti~ partial cuttiposing, inciting, and cont.ributing at various points within the stand with fire and wind, ho~vever, the~;e ecological b
factors. To conceptualize*the im- and throughout time, which allows pathogens may also induce wide- increase ~n tportant role of pathogens in forest one to a few trees to regenerate in a spread mortality, which leads ulti- pact of treedevelopment, we have devised a process known as gap-phase dynam- mately to stand regeneration, rust, ash ye
model that integrates the decline- ics (Pickett and White 1985, Watt Armillaria root rot has also been root rot). Tt
disease spiral (Manion 1991), 1947). implicated as a contributing factor eases often
Oliver’s model of forest develop- Some pathogens may predomi- in declines of many forest tree spe- managers.
ment (Oliver 1981), and gap-phase nate at a particular stage of forest cies including birch, maple, white People mu
dynamics (Pickett and White 1985, development, whereas others may pine, and oak predisposed by age, ests within tl
Watt 1947; Figure 1). occur across all stages (Figure 1). drought, or insect defoliati(,n by thepatho

The concept of the decline-dis- For example, leafspotofblackcherry (Manion 1991). Viruses have be~n sary to knox
ease spiral involves the interaction (Prunusserotina),caused by the fun- detected in many forest tree species present withi
of many interchangeable factors on gus Blurneriella jaapii, causes defo- (Nienhaus and Castello 1989), and tem, what the
a population of mature trees liation and death of seedlings less their role as potential predisposing conditionsar~
(b*-nion 1991). Predisposing stress than 30 cm in height (Stanosz1989). factors in forest decline has been outbreaks, he
~

; lessen the ability of other- The disease is widespread in black postulated(Man%n 1991,Nienhaus act with othe
v healthy trees to respond to cherry-sugar maple stands on the and Castello 1989). To date, viruses velopment a~
pathogens orinjury-inducingagents Allegheny Plateau and is locally se_- have been detected in red spruce ease may infl
and are generally long term in dura- vere. In some stands, cumulative (Picea rubens; Jacobi and Castell0 impact of ot
tion. These stresses set the stage for mortality of two-year-old seedlings 1992, Jacobi et al. 1992), yellow development
inciting factors, which are generally has exceeded 70%.~ In conjunction birch (Betula alleghaniensis; Berbce affect forest
short term in duration and may be with herbivory, this disease can sig- 1957, Gotlieb and Berbee 1973), versely, how
either physiological or biotic. Con- nificantly impact regeneration of white ash (Castello et al. 1984), disease deveh
tributing factors represent a collec- black cherry at both the stand-ini- European beech (Fagus sylvatica; Applied,
tion of biotic or environmental fac- tiation and understory-reinitiation Hamacher and Quadt 1994), Euro- search to add
tors that interact with predisposed stages of forest development, pean silver fir (Abies alba; Flach- .essential to pr
trees and inciting factors to cause Ash yellows-induced mortality, mann et al. 1990), and Norway ~t has only j~
decline and eventual death. The pre- however, is much more prevalent spruce (Piceaabies;Nienhaus 1985). terim, pathog
cise set of interacting factors de- during stem exclusion. It may func- All of these species have experienced tinue to confo
pends upon the specific decline sce- tion as a natural thinning agent, in decline symptoms in recent yea~s, management
nario. Accordingly, p.athogens may concert with competition-induced However, as yet, the role of vir.is
function as either predisposing, in- mortality, to push stands toward infection in forest decline still re-

Acknowledgciting, or contributing factors within understory reinitiation, mains speculative.
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