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The Refationship of Douglas-fir Dwarf Mistletoe (Arceuthobium
douglasii) to Stand Conditions and Plant Associations in the Southern
Cascade Mountains, Oregon

Abstract
Doug]asf i rdwl fmist1etac|Al | ' | \nfh iu,1diL|8 l |1J| | ) iSaplrasi t jc l |xntx ide1! 'd ist | ibutedonDougla
in sourhwesrefr Oregon. Thi\ stud) exanined the rclationship ol ffequenc) of occurrcncc .1nd selerity of Dougltts fir d$arl

isrletoe wirh stmd condilions and plltllr rssociurion\ in lhc soulhern Cascade N{ounlain\ in Oregon. Data lvere coLlecled lroln a
subsrmple ofexilting pcflnanenr plots. FiftecD srand rariable,i and the le\el ol dt!arl istletoe infectl(nr ir.rll li!c Douglas ilr

\r'ere measured.l cach plot. Dougl s-tir dw,lrl nristletoe occufred mon licqucnlly in lhe $hite fif (Al)ier.or.r/rr') scrres. lt

occuned least ir rhc Douglas fif series. It occufcd in plots at significant]] highcr clcvations. r\ ith lowef nern amual tcnrpcra

lures rnd lo$ef neun annual and dh- \e $n prccipirarion than pl(ns \hefe it \!' ds abscnt. Occurence of Douglas iir dwrrf

n ist leroe us.r l \o s igni i icanl l !  associr red $, i tb s leepcr s lopcs.  andesi le rnd b sr l l  soi l  parcnt  mater ix l \ .  lo$ef  basal  . re. t .  rnd

loucr percentrge of Dougla! fir jn the stand. The a!erasc plot I)$ arf l\fistletoe Rrting did nol diffcr significantl) .rnlong cliln.rr

scrics. Average plot D\\ urf tr{i\rlctoe Itxting did inc|erse signiiicanrll as total basrl area decr.a\cd and age ofthe olcle\t canopr'
later increased. Our study sugg!'st! thrt clim.rx \eries could b!' used as indicatofs of the rclali!c tiequenc,v of Doughs tir d$ arl

isrleroe in the soulhcn Ca\cade N{ountrins in Orcqon.

lntroduction

Douglas fi l  dwarf nristlctoe (Art:euthobiunr
dor.gld.tii EDgelmarn) is a partrsitic plant lbund
almost exclusively on Douglas-fir (Pseudotsuga
rletle.rl l  (Mirb.) FraDco). It causcs one of the
rrost widcspread diseases of Douglas th in the
forests of southwestern Oregon (Hadfield 1985)
and the interir)r West (Hawksworth and Wiens
1996). Severe int'ections cause signiUcant losscs
in Douglas 1lr growth. incrcased tree nortality,
and incrcased fire hazard (Hawkswonh andWiens
1996). Thc weight ofthe broorns causedby Dou-
glas-flf dwaf mistletoe inlection can predlspose
branchcs to breaking. posing scrious hazards in
developed rccreation sites (Hadfield 1999). How
ever, the brooms ctrused by Douglas-fir dwarf
mistletoe inlection are an impofiant component
of thc habitat of several birds and mammals in-
cluding nolthem spotted owls (.St.l,r.rc. ilctt l/1.!
var carirlrrd Xantus de Vesey), norlhem goshawks
(Accipiter gentil is Linnaeus) and many of their
prey spccies (Parks et al. 1999).

All aspects of fbrest nranagemert i lcluding
recovcry plans for the nofthern spolled owl. habitat
manlgemcnt for other sensitive spccies, water'

shed restoration programs and timber productlon
require accurate prediction of stand development
to prescribe activit ies that wil l achieve desircd
t'uturc conditions. Stand developmcnt is affected
b) the lrequency and severity ofdiseases such as
Douglas-fir dwarf mistlebe. InfbrmalioD oD the
relationships bctween dwarf mistletoe fiequency
and severity, and forest condilions could be used
to guide management plans at both stand and land-
scape levels. For exanple, silvicultural mcthods
enployed to encourage rapid trec growth that also
favol mistletoe spread may be poor choices where
the f'rcquency ofmistletoe is high. Howcver. sone
areas where Douglas fir dwarf nistlek)e is 1lc-
qucnt and severc may be best used to manage
wildlite species that usc the large brooms tbrrned
in severely infected trees (Parks et al. 1999).

Intbrmation about relationships that may cx-
ist bctweeD plaDt associations and the frequency
of occurrence and severity of Douglas-fir dwarf
mistletoe is usetulbecause land stratification based
on vegetation potential is a system that is widcly
uscd. can be mapped. and incorporates much of
the infbrmation about sitc conditions. Areas with
the same plant association can be expected to
show the sane general successional response
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to disturbance, including distulbance caused by
patho-genic organisms such as dwalJ mistletoes
(Layser 197,1. Cooper et al. l99l).

Previous studies have shovn that there are
relationships between the occurence and sever-
ity of dwarf mistletoes. and stand conditions.
Ha$,ksworth ( 1959, 1968). Larson et al. (1970),
Acciavatti and Wciss (1974), and Gottt 'r ied and
Embl,v (l977) found that the occunence and se
vcrity of scvclal dwarf mistlctoc spcclcs wcrc
associated with aspect. slope. elevation. sjte and
topographic factors. Smith (1972), Hanks et al.
( 1983), Mathiasen ard Blake (19E,1). and Menil l
ard Hawkswonh (J987) fbund that the occurrence
and scvcrity of dwar{misllctocs dillcrcd by habitat
type. Horvever, the specific relationships found
in  the .e  . tud ie :  r  r r i cJ  u  i Je l ) .  The \  r r i . r l i ,  ' n .  In . r )
have been due to diflerences io study designs,
but it also sug-scs1s that thcsc rclationships vary
according to local conditions and probably differ
iunong geographical areas, hosts, and dwart mistle-
toc specics. Our study cxamincd thc rclationship
among stand conditions, plant associations, and
the occurrence rnd severity of Douglas-fir dwarl
mistletoe in the southern Cascade Mountains in
Orcgon (Marshall 1995).

Methods

q t  ' . i v  A r a r  r ^ . 1  n . t .  a ^  a ^ t a . l

The study areawas in the southem Cascade Moun
tains west of the Clascade crest on the Rogue River
and Umpqua Natiolal Forests in Oregon (Figure
l \ .  We uset l  ln  e r is t ing  re l \  , \ r l  , \ l  l cnnJnen l
plols esti lblished b! USDA Forest Service ecolo-
gists to identify the plant associations (Atzet and
McCrimmon 1990). The locations of these per-
nanenl plols were selectedby drir ing along roads
throughout the two Forests and sampling maturc.
relatively undisturbed stands adiacent to the roads.
The plot center $as determined by walking intcr
the stand thc distancc ncccssary to climinate edge
effect fiom the road. usually l5 to 60 meten. Pres
ence or absence of disease \\"as not a factor in
stand sclcction i lnd was unknown until thc plot
center was established (T. Atzet. USDA Forest
Service. 1999, personal communication).

In 1992. we collected data from a random
subsample of the permanent plots to determine
the variabil ity in the occurrence and level ofDou-
glas-fi r dwarf rristletoe inlection (severity I among
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individual plant associations in the study area.
Thc  r r r i rh i l i t l  i n  r ' , . i  u r rcnce und serer i t )  un . .o
great that not enough existing plots were avail
ablc in most ofthe phnt associations fbr a statis
tically valid sanrple. Therefbre, the plant asso
ciations were grouped accolding to theil climax
series: the ADi".r tnntttktr (.white fir) series. the
P s e udot s u go ne nt.ie.ill (Douglas-1ir) series, and
thc Ts u gd he t e roph\l/a (western hemlock) series.
Thcsc three series cover 75 percant of the study
arca and have a high constancy of Douglas fir
(Atzet and McCrimmon 1990).

Our preliminary data also showcd that. on av-
cragc. where infection was present. at least one
mistletoe-intected Douglas-tir was tall ied by the
time nine Iive Douglas-1lr closest to the plot cen-
ter- u ere tallied. Eighty six percent of the timc,
the most sever-ely int-ected Douglas fir tree in the
area was tallied by the time lifteen live Douglas-
1lr closest to the plot center were tallicd. Based
on this information. f ifteen l ive Douglas-fir per
plot were judged adequate to assess both the oc
currenceand severityof Douglas firdwadmistle-
toe in these three climax series.

In 1993, we sampled a total of 168 plots in the
three climax series: ,+0 plots in the Douglas-fir
serjes, 85 plots in the \\,hite fil series and,13 plots
in the western hemlock sedes. A sample plot wrs
placed at each selected pemanent plot. Samplc
plots were circular. varied in size. and were jusl
large enough to include the nearest tilteen live
Douglas-firat least 12.7 cm dbh (diameter at breast
height. L5 meters above ground level). The level
of Douglas lir dwarf mistletoe in each Douglas-
1lr tree was determined using the Hawkswonh
six-class dwarf mistletoe rating (DMR) system
(Hau'kswonh 1977). The climax series, elevation
(m). mean annual temperature ('C). mean annual
precipitation (cm). dry season precipitation (cm,
May through September), and soil parent mate-
rial (andesite, basalt, granite. pyroclastic. sedi-
rnentarl ) ofeach plot were derived from data f'rom
Atzet and McCrimmon (1990). We measured ten
additional variables from each plot center: 1) site
index (average height (m) at 100 years of thrcc
to fivc dominant. uninfected Douglas-fir in or
neaf the plot using site class tables prepared
by McArdle et al. l96l).2) aspecl (north, east.
south, west), 3) slope (percent),,1) Lopographic
position (lower, niddle, upper). 5) topographic
shape (conve>i. concave. l lat). 6) total stand
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basal area (cross sectionrl area of tree boles at
L-5 metels above ground level. m-/ha).7) Dou-
glas-flr stancl basal area (mi,fta),8) Douglas fir
dbh (cm), 9.) nunber ol tree canopy layers, and
l0) dre age of each canopy layer (years). The
pcrccntage of Douglas llr in each plot was cal-
culatcd by dividing Douglas llr stand basal area
by total stand basal area.

Sta t is t  ca  Ana lys is

Aralysis of the data was on a per plot basis, due
to the var-iable size of thc plots. lnfected plots
u'ere those containing one or morc infccted Dou-
glas lir. The tiequency ofoccurrencc of Douglas-
llr dwad mistletoe vas defincd as the percentage
of intected plots. T-tcsts (Ramsey and Schafer
1997) wcre used to test for significant dift-erences
(P<0.05) in the means ofthe continuous variables
betrveen plots rvith and $'ithout int'ectcd Douglas-
fir Chi square (Ranrsey and Schat'cr 1997) was
used to test fbr signiticant diff'ercnccs (P30.05)
ir the percentirge of plots with inttcted Douglas
flr among the climax scries and other categorlcal
variablcs.

Thc average plot dwaf mistletoe rating (mean
DMR). or severity of Douglas-1lr drvarf mistle-
toc in each plot. rvas calculated lrom the sum of
individual DMR ofeach live DougJas-tir (including
unint'ected Douglas-tir) divided by the numbcr
of l ive Douglas-tir. The ratio of highest to lowcst
meu DMR \\'as -{reatcr than ten, causing this data
to bc non-linear. A LOG (base l0) transfbrma-
tion wrs used to make the nean DMR data linear
(Stafford and Sabin 199'1). Only int'ected plots
rnrc : rn  DMR>0r  uerc  used tn  ! ln ! l l ) /e .e \e r i l ) .
During data collection we discovered that some
plots had beer disturbed in the past, panicularly
b-v harvest of scattered individual lrees. Since
clisturbancc is known to affect the sevedty of du, aft'
mistletoes (Pameter 1978.). those plots were also
omittcd. leaving 20 uncut, iniected plots tbr this
anal1sis. Stepwise multiple regression (Ramsey
and Schafer 1997) was used to analyze the relr-
l ionship bet\\,een LOG(mean DMR) and the con-
tiDuous vaiables and then to derive an cqualion
that would best cxplain the variatior in LOG(nean
DMR). One-way aDalysis of variarce (ANOVA)
was used to test equality of LOG(mean DMR)
irnrong the clinax series and other categorical
variablcs. Relationships wele considered signifi-
cant $ilh P values<0.05.
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Results

Thc white fir series is the most widespread in the
study area. In general, it is cooler and wetter than
the Douglas-tir series and cooler and drier than
the western hemlcrk series. Only the western
hemlock series is nrore productive. The western
henlock series is most widespread on the Umpqua
National Forest poftion of the study l lrea, but is
also conmon in the no{hern part of the Rogue
Ri rer  Nat ionr l  Fore . t .  I t  h r '  mor '<  p re . ip i ta t ion
(both mean annual and summer) than the other
two series and is intermediate in temperature. This
series has the highest productivity of all series in
the Cascade Mountains. The Douglas-fir series
, . ' ccur \  in  the  ho l le . l .  d r i c . l  l ' , ' re . l  enr  i r r rnmen l .
in south$,cst Orcgon (Atzet and McCrinmon
1990). lt is generally the hottest and ddest of the
three series in the study, although some Douglas-
lir series plots in the nonhern part of the study
iiLrea were wetter than white fir plots t'unher south.
Series characteristics are summarized in Tables
I and 2.

Dwarf I\,4ist etoe Frequency

Thirry-cight pcrccnt of the plols in the white 1lr
series contained Douglas-fir dwarf mistletoe-in-
fected trees. compared to l9 percent in the west-
em hemlock series and thlee percent in the Dou-
glas-fir series. Actually, infection occuned il only
one plot in the Douglas fir series (Tabte 3). Chi
square comparison showed significantly more
Douglas-fir dwarf mistlctoc in thc white fir sc-
ries than in the Douglas fir series (P<0.001).
However. the contribution of mistletoe frequency
in  the  ue . te rn  hcmlock  .e r ie .  lo  lhc  compi r r i .on
was not significantly different ftom that of the
o lh r r  luo :er ie : .  The. i r  uarmc ' t  p lan t  asroc i r
tions had no Douglas-tir dwarf mistletoe (Figure
2). Three of these associations were in the Dou-
glas-fir scries. two were in the westem hemlock
scrics and one was in the white fir series. Thcy
wcrc the wamrest associations in each ol their
rcspcctive climax series. A11 were moderately \\,et
assoclaltons.

P lo ts  \ i th  in iee ted  Doug l : r .  l i r  uere  a t  . ig
nil icantly higher elevations than plots with no
infected Douglas fir in the \\"hite fir aDd \\"estem
hemlock series (Table 4). All of the plots \\, i th
inf'ected Douglas-fir were i lbove 1000 meters in
clcvation.
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( ln)  ( ' ( l )  lcm)

Si te
Dsprecip' lndcx Slope lbtal tsA

(cn) (nVl00r'r) 1t:) ott:/hr)

CrDopy Canopr' l\lean
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(nr/ha) (%) 0ro.) (,rr.t (cmt

Douglas Mean 8'18.1i 9.0

l f  s D  ) 1 t . 1  1 . 1

l . l
1 . 0

d . l l

L.1

l.l.l ,13.7 13.1
6 . , 1  18 .9  17 .6

36.9 21.1 11.1
1 .1  18 .6  16 .8

37 .1  16 .5  11 .2
8..1 21.9 15.1

85.9 2.5 195.9 12.1
15 .1  0 .6  88 .1  13 .7

xhi te f i f  l \ ' leaD 1215.7
SD I  l , l . l

$estem N, lern 101.+.1
helnl0ck SD 2l l .1

.16.1 60.9 1.6 238.,1 6-1.7
25.5 )1.9 0.5 105.0 15.2

,19.8 63.I 2.9 338.7 76.5
21.0 20.2 0.3 129.0 t9.8

13,1.-l
18 .1

136 .1
25.6

156 .5
19 .4

1 8 . 3
2.1

18.,t
2.r)

10.6
1 .6

63.5
19 .3

r\,fatemp = mean lnnual tcmperature
:l,hprecip = mcun annual precifit.rtion
rDsprecip = dN scason precipitari(n (NIa) throush Scplember)
rDF BA = basal area thrt i\ Dougla\ iir
'+ DF = pefcent Dougla\ lir
bdbh = dirmcrcr brcast height

TABLE 2. N umbcr of plots in erch level ol catcgonc al variab les b) cl imax seics in the stud! area

Soil parent matefiall

Series rnd has gran p)ro sed
Aspeci

no(h east south \r est
Topogrlphic !a!!q Top!.g4pLi!-!n@s

lo\Lcr nrjddle upper concave colr!cx ilit

Douglas l i r  l0  1

whi tc i i r  35 l l

\ rcs lcrn 12 15

hclnlock

t 2 0 0

8  1 0  I

3  l t  I

1 5 2 ) 1 2

17  l 9  21  22

r0 l0 9 l ,+

5 1 5 2 0  1 l  2 6  1

| ] ] 0 3 8  1 7  3 2 6

:r 5 'r i(,

Soil parcnr malerirl: and = andesilc. ba\ = basall. grtln = granitic. plro = pyroclastrc. sed = \edrnenluy

Ser ies Numbef
or p'ors

TABI-h .1.  Occurfence oi  Dougla!  l r  d l lar f  n ist letoe rD
plots b] clilnal scries in the \tLrd)_ rrea

Withjn the $'hitc f ir series, plots with inlected
Douglas-fir had significantly lower mean ;rnnual
and dry season precipitation levels than plots
without infected trees (Tablc 4). although some
plots with infected trees were tbund at all but the
highest levels ol both mean annual and dry sea-
son precipitation. Plots with infected Douglas-
fir had mean tnnual precipitation levels of 76 to
190 cm. and mean dry season precipitation lev-
els of l5 to 25 cm. Thcre were no signiticant dit:
fcrences in mean annual or mcan dry season pre
cipitation levels amolg plots in the wcstern
hemlock series. Since only ore plot in the Dou-
glas-tir series was infested. plots rvithin this se-
des could not be comparcd shtistically. However.
the plot that did havc infected Douglas-tir occurred
on a relatively high elevation, cool, dry site at
1066 m elevation. uith 8'C mcan annual tem
per r r tu rc  anJ  76  cm meln  ! lnnuJ l  f rcc ip i l J l i t ' n
(Figure 2).
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Numbcr of
pl0rs intccted

Dough\-fir

$ hite fir

Al l  p lors

It5

,13

168

I

l 2

8

.l l

Within the white fi| rnd westem hen ock se-
es, plots rvith int'ected Douglas-fir had sigrif i

cantly lower mean annual tcmperatures than plots
without infected Douglas-fir (Table,1). A11 ofthe
plots with intected Douglas fir had mean annual
temperatures between 6'and 8oC (Figurc 2). No
Douglas-fir dwad mistletoe $'as found in plots
with mean annual temperatures greater than 8"C.
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Occuncnce ofDouglas-fil dwarf mistletoc was
also significantly associated with slope. Douglas-
flr basal area. and thc pcrcentage of Douglas fir
(Table'1). Plots with infected Douglas fir'had both
significaDtly less Douglas-fir basai area and a
smallcr pcrcentage ofthe total basal area in Dou-
glrs-tir than plots rvithout intected Douglas fir.
The avcragc slope of plots *ith infected Dou-
glas-1ir u'as significantly lcss than the average
slope ofplots without infccted Douglas-11r. Ho\\"
ever. plots with int'ectecl trees $'ere found on all
but the steepest slopes.

Douglas-fir dwarf mistletoc occurred in a sis-
nif icantly smallcr percentage of plots with soil
derived tiom p,vroclastic or scdimentary parelt
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matcri:rls than in plots with other types of soil
parent matedals (Table 5). Basalt and andesite
parenl materials had the highesl percentages of
plots with infected Douglas-fir.

There rvere no si-qniticant associations between
the occurrence ofDouglas-fir dwart mistletoe and
aspect, topogrrphic shape, topographic position
(Table 5), or site indcx. total basal area, thc num-
ber of canopy layels. the age ofthe oldest canop)r
layeq ard the nean dbh ofDouglas fir (Table 4).

Dwarf l\,4 istletoe Severlty

There was no significant difi'erence in mean DMR
between the white fir and western hemlock cli-
max series (P=0.86). The Douglas-fir series could



TABLE ,1. Nlcan values of contirLrous variables betreen
plols $i!h and r\ idrout Douglas ilr d$af misrle
toc in lhe \Iudl areir

vdriablc
lvfistletoe

Flle!

rFor dcscriplion of \'l|-|iables and un its of mea$ fe. see Tablc | .

'IABLE 
5. Occurrcnce of Douglas fir dwarf mistletoe by

lc!cl of iirur categorical !uriablc\ rn plots 1n the

nud! afea

not be iDcluded in the comparison because thc
only infected plot in the series had cvidence of
past cufting. There werc no signillcant relrtion-
ships between mean DMR and any of the cat-
cgorical variables (PX). I 7).

Stepwise multiple rcgression sho$ed that tht:
following equation best explained the variation
in severity in uncut. int'ected plots (P to-
cnter(0.05):

LOG(mean DNIR) = 2.0E6 + 0.006(ELV) 0.|-J3.1(MAP) -
0.U.15(TBA) + 0.0065(AGE)

wherc ELV = elevation (m). MAP - mean an-
nual precipitation (cm). TBA = total basal arca
([r]/ha), AGE = mean age ofoldest canopy layer
(years), and adjusted Rr = 0.93. The direction of
the tenns in this equation, negative MAPand TBA.
and positive ELEV and AGE indicates the rela-
tionship between mean DMR and these four vari
ables. 11 suggests that the most severe Douglas-
fir dwarf mistletoe occuned in plots located in
old. open stands on high. dry sites.

Discussion

Douglas firdwad mistlctoeoccun'ed signiflcantly
more often in the white fir serics than in the Dou-
glas-fir series. This suggests that in the southern
Cascade Mountains in Oregon, the prescnce of
these climax series could be used to identify the
relative frequency of Douglas fir dwarl nristle-
toe at the landscape scale. Douglas-1ir dwarf mistle
toe also occuned significantly more otten in plots
on the highest. coolest, and driest sites within the
white fir series. This suggests that high. cool, dry
white 1lr plant associations might be uscful indi
cators of the rclative hequency of Douglas-ftrdwad
mistlctoe in the white l ir scries.

The trend tbr Douglas-th dwad mistletoe to
be on sitcs at higher elevations and with lou'er
mean annual temperatures lninored the elevations
and nrean annual temperatures of the rvhite llr
series. The white 1i series. which had the high-
csl frequency of Douglas-fir dwad mistletoc,
occurs on higher, cooler sites than thc Douglas
fir scries, where the lowest liequency of du'ad
1nistletoe was found. Although not statisl ically
significart. the only plol in the Douglas-fir sc-
ries wherc the mistletoe was tirund was in the
plant association with the lowcst mean annual and
.h1  :e l .onprec ip i t r r t ion  lc re l :o l r l l  a . . r ' . i . r t i , rn :
in the study. Thc liequency ofoccurrencc of Dott
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glas 1ir drvarf mistlctoc in the western hemlock
series was not signiflcantly dit lercnt lrom either
of the other t$o scl ies. Plots in the $estern hcm-
lock series had a greater rrngc ()1 elevations and
lrlean rnnual tempcratures than the ether two sc-
ries. but tended to have higher nrcan annual ald
d11, season precipitation. This suggested that the
$e: lc fn  l lenr l r \ l . c r i c .mc)  en(omp: l \ -en \ i r i rn -
mental condil ions associated with both frequent
and inlrequent occuncnce of Douglas-1ir dwarf
mistlckle. These trends are similar to those re-
ported by Merrill and Harvks\\"orth ( 1987). Thc)'
found that the ecological factors associated with
high l iequency of southwestcrn dwarf mistletoe
(A. tagitrutLull subsp. cryptu4todunt Engelmann)
in Colorado wcre the same ecological factors as
sociated with the habitat t)'pe whele that lnistle-
toe was most conlnon. They concludcd that the
similarities in thesc trcnds are due to the lact that
dwarl mistlctoes are obligate parasites. Therefole,
thcy ale directly all'ected by cnvironmental con-
ditions ald other ecological factors that affect their
host.

The association bet$,een occurrcnce ol Dou-
glas fir drvaf mistlettt and plots with significantly
lower Douglas fir basal lrea ancl smaller percert-
lges ofDouglas-fir was consistent with the highcr
trequency of nristletoe intection in the white fir
i ind $estcrn henllock series than thc Douglas l ir
scries. Both the white fir and western hemlock
series containcd less Douglas-tir basal arca and
smaller percentages of Douglas-fir than the Dou-
glas-fir scrics (Table l). Acciavatti and Weiss
(197,1) fourd similar rcsults in the White Moun-
tains of Arizona. where the l iequency of A.
nicrocdrpunr Engeln. on Engclmann spruce
(Pice1t engelmunnii Parry cx Engelm.) *as high-
est where it grcw in nlixed, ratherthan pure stands.
Ho*cvcr, pule stands ofEngelmann spmce in the
White MoLrnttins are tbund at higher e)evations
than nrixed stands, unlike Douglas-fir in our study
area. u,hich is firund :rt lower elevations th nthc
other conif 'er spccies. This suggests that in both
cases. conclitions that fa\'or dotninance b"v the host
trees might be too extrcnle or otherwise unfavor-
able for thc rcspective dwarf mistletocs.

Mlny plots thoughout thc study area had been
disturbed b-v- partial cutting of large Douglas-tir
10 to 50 years ago. Removing largc trees can (11
stimulate latent dwarf mistlctoc infectrons ln un-
derstory trees by incrcasing l ight to the remain-
ing crowns alld (2) favor mistletoe sprcad b] re
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ducing stand density (Barrnyay and Smith 1972,
Parmeter 1978). Partial cutting in our study area
appeared to be concentrated on shallower slopes
acccssible rvith grouDd equipment. D$'arf mistle-
toe infected Douglas-fir wcrc found more com
nonly on shallow slopes than on steep slopes.
Thc mislletoe most l ikely was on site prior to dis-
turbance. but would have been slimulated by it.
\ \e  there f , ' r c  rpcer r l r t c  lh r t  p i l l l i r l  \ ' u t t in !  mJ)
have been largely responsible for the signilicant
associations anong Douglas-tir basal arel, slope.
and the frequency of occurrcnce of Douglas fir
dwarf nristlcloc that rve obselved.

Douglas-tir dwarf mistletoe occuued rnost ti.e-
quently on andesite and basalt-derived soils which
are generally describecl as productivc, deep and
ferti le. Soils derived from pyroclastic materirls
(where Douglas-fir dwarf mistletoe was least
common) are young, shallow and inf'erti le (Atzcl
and McCrinmon 1990).

At the beginning of the study. we anticipated
that the Douglas-fir series would have the high-
est frcquency of Douglas-1ir dwarf mistletoe.
Where Douglas-fir is the climax specles lt was
expcctcd that the presence of overstory and un-
derstory trees of thc sane species would facili-
tate spread ofthe mistletoe. Tn fact. the Dou-qlas-
fir sedes tumed out to have thc lowcsl frequency
ofthe nistletoe. One factor thal could be respon
sible tirr this is l lre. h the southern Cascrde
Mountains in Oregon. the Douglas-fir series has
historically been subject to more tiequent distur-
bance by tire thrn any other seies (Atzet and
ViC l i rnmon l ( ) t l0 ) .  Sudrc(  l i re ' , ' l  ru r l ing  in -
tcnsity are cornmon and crown fires also occul'
(Agee 1993). Intense surfacc fires tend to destro,v
mistletoe-inttcted trees and crown tires eliminate
both host and mistletoe lrom burned arcas. Rc-
establishment of hosl lrees usually occurs much
more rapidly than r-e-invasion ol misll(] loe. This
can result in largc areas that are liee of mistletoe
lor long periods of t ime (Alexandcr and
Hawksworth 1975). In the Douglas-fir sedes, f ire
ma,v haYe had an importaDt role in liniting the
frequcncy ofDouglas 1ir dwrrl rnistletoe. Fire rnay
also have been a t'actor that prevented or elimi
natcd Douglas fi l  drvarf nristletoe intections in
the three plant associations in the western hem-
lock and white fir series where no Douglas-fir
dwarl mistletoe was lbund. Dltr tiom Atzct and
McCrimnon ( 1990) indicates that f ires \\"ere
li qucrtt rn thc.c l\ o \ e.tern hcm l, \ 'k .r.\r,ci i r l i  n.



and iDliequent but intense in the whitc fir asso-
ciation. l l  wc continue supplessing fires in the
future, Douglas-fi- d\','arf trristletoe could occur
morc fiequently in the Douglas-fir series because
once established it would inf'ect each succeeding
generation of Douglas-fir Horvever. aftcr a very
long time. tiequencv ofA. doirglasli in the white
1ir and western hcnrlock selies might diminish
because hcrc Douglas-fir is a scral species and
will gradually disappear ifthcrc is no disturbance.

Douglas fir dwarf mistletoe was nost scvcre
on high. dr1' sitcs in the white fir and wester-n
hemlock series where the toLal basal area $'as low
and where the agc olthe oldest canopy layer was
greatest. These stand conditions are similar to
conditions in which Tinnin et al. (1976) found
isolated. severe infcctions of Douglas-fir dwarf
mistletoe along thc Cascade crcstDorth of the studv
area. They hypothesized that these conditions may
havc provided refugia for fic mistletoe because
open colditions and sparse vegetation would have
prevcntcd most flres lrom callying through those
stands.

Thf  re l r r ion .h ip  b r t$ l j cn  i  . ' re i l \ inF  \ ( \c r i t )
of dwarf mistlctoes. decreasing basal area and
incrcasing stand age is well docurnented (Menil l
and Hawkswonh 19E7. Hawkswonh and Johnson
1989. Mathiasen et al. 1990). A number of fac-
lors may account ibr thesc relationships. Stands
with lou'basal area may be exposcd to more sun
light. $hich $'ould prornote both shoot and brixrm
developmcnt (Kuijt 1955 ). Open stands have higher
levels of mistletoe seed production and greatcr
oppofiunity lbr unobsffucted seed flight arnong
trees (Baranyay and Snrith 1972). Accorcling to
Parmeter ( 1978). in olcl trccs rvith minilrral height
growth, mistletoe will advance in the crou,ns until
the ffees are complctely parasitized.

Our study suggests that occurrence ofthe white
1ir and Douglas-fir series could be uscful indica
tors ofthe relative frequcncv ofDouglas fir dwarf
mistlcloc at the landscape scale in the southern
Cascade Mountains in Oregon. Sincc Douglas
tlr dwarf mistletoe was most frequent in thc white
fir serics, stands in this serics mry be the best
candidates to manage rs habitat for wildlife spe-
cies thal usc Douglas-flr dwarf mistletoe brooms
(Parks et al. 1999). Ho*,ever u'here indiviciual
tree Yigor and rapid growth arc inlportant objec-
t1ves. stand structures and silviculnrral regimes
that tavor dwad mistleloc spread may be inad-
r is i rb le .  The: rBn i l ' i r r r l  inc re lsc  rn  sc r . . r i t )  u . -

sociated with decreasing basal area and increas
lng age raises concerns about partial cutting in
poftions ofthe study arca where Douglas-firdwaf
mistletoe occurs. Plrtial cutting ofien results in
stands with low basal arcas and is often prescribed
to retain or dcvelop large. old trees. Ifthese trees
are int-ected, conditions would favor development
ol severe dwarf mistletoe inlestations.

More infbrmation is needed on the underly-
ing cause of differences in Douglas-tir dwarf
mistletoc distribution obscrved today to under-
stand the potential for the spread of infection irr
the future. Studies ofsitc-specil'rc fire history rnight
provide information about the extent to which fire
regulated Douglas-fir dwarf mistletoe distribu-
tion and severity in thc past. Iftheorics about the
relationship between tire regimes and Douglas-
fir dwarfmistletoe arc correct, continucd fire sup
pression may allo$' Douglas-fir dwarf mistletoe
to becomc more cornnon in areas tvhere it is cur-
rently rarc or absellt. This would be of most im-
mediate significance in areas ofthe white fir and
Douglas-fir series that hislorically had frequent
fires. Greater understanding of the interaction
bctween tire and dwarf mistletoe inltction is also
needed to understand the impact ofpedodic pre-
scribed underburning in dwaff mistletoe-infcsted
stands.

Reseuch is also needed on the dil1'erences in
ntcs of spread and intensitication of Douglas iir
dwarf mistletoe under various stand conditions befdre
we can aclivsly manage the lcvel of infection to
provide habitat for wildlite species rhat use Dou-
glas-fir dwad mistlctoe brooms. The intbrma
tion gained liom thcse and other studies wil l be
useful to guide future managemenl of the many
stands with Douglas-fir and Douglas-fir dwarf
n1istlctoe in the southcrn Cascade Mountains in
Oregon.
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