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Non-native Blister Rust Disease on Whitebark Pine at Crater Lake
National Park

Abstract
Cnter Lakc National Park suppons one ofthe largest aggregations ofwhitebark pnre in the southern Cascades. The pine is !alued
by Prrk visitors and i\ considcred a keystone species in local ecost'stems. Ahhough white pine biister rust has been ir the region
since the early 1900s. no lbrrnal survey of \lhitebark pine infection in the Park has been conducted to daie. we sampled l,l{Xl
$hitebark pine lrccs $ilh 2:1 transecF ro measLrre incidence of disease and other danaging agents in the Park. Blister rust is
currcnll) thc rost ubiquitous source ofmortality forthe Park's pines. outweighing all other biotic agents combined. The \.rti|)l l
Park Serrice is initiating acrions to conser\e \ihitebark pire.

lntroduction

Whitebark pine (Pir&r rilbi..rrllr) is an extremely
valuable asset of the southem Cascades. This long-
lived and hardy tree thrives at sites with harsh
climatic forces. The pine's large and nutrit ious
seeds are prized by wildlife including Clark's
nutcrackers (Nacy'ra g a c o lu m b i a na). blackbearc
(.U rsus an e ric anus), and golden-mantled ground
squirrels (Spermophilus late ralis). Elk (Cen,as
e Laphu s), b\te grotse (.D endragapus obst:urus),
and bats use trees fbr shelter. Their canopies sup-
pon arboreal lichens and understory flora such
as woodrush (Luzula spp.) and currants (Rib"-r
spp.). Whitebark pines also stabilize soil and regu-
Iate snowmelt. These valucs are acknowledged
by natural scientists in defining the tee as a key-
stone species (Tomback et al. 2001). Every year,
nearly 500,000 people view southem Oregon's
Crater Lake from its pine-clad rim wherc thc pic-
turesque trees are the subiect of postcards, art-
work. and exhibits.
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Many pines at Crater Lake National Park have
been suspected of dying from an introduced fun-
gus (Cronartium riblcola) which causes the dis-
ease known as white pine blister rust. This pathogen
arrived in western Nonh Amcrica at Brit ish Co-
lumbia in j910. Although blister rust can intict
the other five-reedled pines in the Park. lwestern
white (Piar.r monticokt) and sugar pine (P
lambertiana)). whitebark pine is by tar the most
susceptible (Bingham 1972.). Btsterrust has prc\en
lethal in other pans of Nonh Amcrica whcrc up
to 907r monality of whitebark pine has been es-
timated (Kendalt 1994).

Understanding ofblisterruston whitebarkpine
in the southem Cascades is rudimentary because
of little forrnal investigation. The disease was
documented in the vicinity ofthe Park as early as
1935 (US Depaftnent ofAgriculture 1949), how
ever, historic records of damage to whitebark pine
are absent. Bcdwell and Childs (19,13) observed
no diseased whitebark pine south of Mt. Jelltrson.
Conespondingly, Bachelor Butte. located about
110 km to thc nonh. was reported to have very
light incidence (Lueck 1980).
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Growing concem in the region (Juillcrat 2000)
conbined with our increasing awareness of in-
fection on sugar and white pines catalyzed a
u'hitebark pine survey in thc Park. Oul objective
was to detect and estinlate the incidence of white
pine blister rusL on the Park's whitcbark pine. Fol
the puryose of this study, *,e deline incidence as
the percentagc of trees within a strmple that ex-
hibits blistcr rust.

Methods

Our study area consistcd of Crater Lake National
Park, Oregon (74.132 ha) which is locared on rhe
crest olthe Cascades in southern Oregon (Figure
1). The mean January and July lcntperatures at
Park Headquarters are 13.7'C and 29.6'C. The
modcrate sersonal extrcmes in temperaturc con-
trtrst $,ith the precipitation. Approximarcly 707.
of total anounl occurs between Novenrber and
March as snow. uhich usually accumulates to
nearly 5 m. Whitcbark pine populatrons are re
stricted to the upper elevational l imits ofthe Park
(2.800 - 3,600 m) on the rim of Crater Lake's
caldera, Mount Scott. and several otherpcaks. Pure
stands of trees occur above 3.240 n while lower
stands are codominated bv mountain hemlock
(Ts u ga ne r t e n s i untt). and occasionally lodgcpole
pire (Pinus tottorta) and Shasta red fir (Abit:s,r
s,4asren.rls). The eastern side of the Park is cooler
and drier as affectcd by easterly mo! emcnt of stonn
masses and a more continental climate.

We inventolied survcv transects wilhin the
whitebark pine zonc of the Park (Figurc 1 ). Due
to the patchy distribution of whitebark pine. wc
cornbined both random and non random santpling.
About halfofthe transect sta in-s points and azi-
mu lh :  $ere  no l  r rndont  hc t  uu .e  th<  p ine  u l .  re -
stricted to small tree islands and the nanow edges
of craters where strict randomness would result
in inte$ecling t'ew pine individuals. Non-random
transect ltarts were subjcctively placed in ccntral
locations, that were surrounded by whitebark pine,
ensuring a random azimuth vould work. Non-
random azimuths followed an elevational contour
or the establishcd Rirn Trail. For trce islands. a
random island was chosen from which a random
tfansect azimuth *as followecl. Ofien. these
trilnsects extended over nreadows to olhcr tree
islands. Transects had variablc widths depend-
ing on the density of whitebark pine trees. Widths

ranged from 5 to 30 m and lengths varied betwccn
54 and 612 m.

Thc first 50 l i le and dead trees along each
bansect were meiNured fbr diameter at breast height
(dbh). Iive crown ratio. canopy dominance, and
damaging agents. We noted when $,hitcbark pine
occurred in clusters of same-aged individuals.
When we detemined that a pine had active or
inactive canker(s), wc recorded perccnt of crown
killed. canker distance to main stem. canker height
above ground, and an estimate of the age of the
nost reccnt canker based on bark decay. Where
morc than one cankerocculTed on a trec, we chose
thc active canker nearest the stem and base. re-
spectivelv. to describe. Trees that supported only
cankers lacking anv apparent fungal actir,itv as
in , j i i r ted  b1  rhc  rh .en ie  o f  a l l  c i re rnu l  . rmp-
toms (tungal fruit in-q structures, sceping sap.
orangish bark) were rccorded as infected individu-
als ttnd also noted as possible resistant individu-
als (Hoff 1992).

At every transect slope, aspect, and clevation
were rccorded. Slope and aspect were measured
at each end of the tansects. Dominant undcrstory
flora werc identified and the presence of currant
shrubs was noted. The beginning and ending of
each transect was georettrcnced using a handheld
global positioning system receiver. Analysis con-
sisted of calculating the proportion of trees in-
lccted with blisterrust (incidence) trt each transect.
Bccause currant shnlbs transmit the f'ungal spores
to trces. we compared incidence betwcen transects
with and \'"'ithout the shrub. We used thc non-piLra
mul r i \  Mann Whi tn . l  U- tesr .  u  h r ih  i s  uppropr i -
ate tbr comparing proportional data (i.e. incidence
values) (Fowler rnd Cohen 1990).

Besults

We inventoried twenty-fbur transecls totaling l,200
whitebark pine tlecs. Blister rusl was detected al
all but three transects. The discale inlected up to
207r oftrees (Tirble l). Disease was found on all
slze classcs (<0.1 cm,0.2 - 25.0 crn, and >25.0
crn) of pinc at dbh. About llTa of trees >25 cnr
dbh were ini'ected. Twelvc percent of lrecs 0. l-
2,1 cn dbh wcre inlected. NearJy 3% of saplings
(trees less than brecst height) were infected. On
nany of the largest trees. more than one canker
ur .  ob \ r ' r \ed .  Tn  rdd i r i , ' n  t ( '  pos \e \ \ ing . r ( . r i \e
crnkcr'.. there ttee: oftcn hild delerior in! lop:
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that appeared to have been dead fbr years. Trees
possessing only inactive or dead caDkers werc mre.
accounting for0.67cl. of sampled trees. Additional
agents of mortality were mountain pinc beetle
(.De ndroctonLt.s po nder?.rde) and dwad mistletoe
@ rceuthobiun sp .). whose incidence was restricted
to lcss than 2%, all on the summit of Wizard Islzurd.

The l1 transects with currants supported sig-
niticantly greater incidence of blister rust. Transects
without curants averuged 4dl6 int-ectien while cur-
ranCpopulated transects averaged l2% infection.

Discussion

Blistcr rust poses a long term threat to the Park's
whitebark pine populations. This disease rs cur-
rently the most copious source of moftality in the
Park's pines outwcighing all other biotic agents
combined. The most rupidly declining populations
are along the west caldera rirn. The low incidencc
of rust on the east side ofthe Park may be related
to a cooler. drier weather pattcrn that can limit
the pathogen's abundance (Hoffand Hagle 1990).
The abscnce of currant shrubs fiom all eastern
transects ma)' further limit spread.

Annual loss is dift icult to estimatc withoul
regular tixed-plot monitoring. Based on tallies of
trees >7 cm dbh killed during the past year, we
estimate the current rate of mofialit)' on the westem
rim at 0.1q. per yr. Taking into account an opti-
mistic estimate of0.3qr recruited mature trees every
year, based on our invenk)ry of size classes, we
predict an ovcrall decline of0..+c/. for mature trees
annually. We can assume that the tungus has in-
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