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Dwarf Mistletoes in Forest Canopies

Abstract
D{arf istletoes t{/1!rlrorrdn spp.) afe pafrsitic flou ering pLrnts fbund throushout much of r.!tcrn North Arrrcr'rca on rrrcnr
bers of rhe Pi nacere. Her\'! infec t io n b) the se parusite s aftects bionrss dislibLrtion on indi vidual (rccs. and I c cc $ itlrin ibrc sl
canopie\. l\{ost d!\'rff nlisrletoe\ induce the fbrmation oi $irchcs brooms on inicclcd hosl!, and thcsc broonrs can signiilcantly
.Llter the structufe of fi)rest c.rnopies as \aell. Con\crscl,,-. lbrcsr cnnopy srruclure gread! affecis horizontal and lertical sprcad of
d$.L|f mistletoes. D$'arf mistletoes inrerlrcr wilh olhcr organis s that also inhahit forest canopies. such n\ birds. mrnmals.
insecl\. and fungi. The prircipal intefactior is lhc misd.ro.s scr\ing as a tood source ibr lhese orgarris'n\. but bifds and mammals
also use !lirches brlxnns rs nesring and liraging sites. Another interaclion is long rangc dis\cnrinaljon ot d\'rarf nri nlctoc \ccds
b) rn j r ra l  lcc lors.  pr jmar i ly  b i rds rnd \quir |e ls.

lntroduction

Dwarf mistletoes (Ar'.,r/r.rrirr,? spp.. Viscaceae)
are parasitic tlorvering plants that parasilize men
bcrs of thc Pinaceae in North Anerica. Central
America. Asia, ald Africa. Because dwarl mistle-
toes are widespread in the westcrn United States
and Canada and nost of the commercially im-
portant conifers of this region arc scvcrcly para-
sitized by one or nole drvarf mistletoes, tbrest-
ers consider the dwad mistlctocs to be seious
lbrcst pests (Hawksworth and Wiens 1972, 1995).
Heavily inlected trees die prematurely. have re-
duced grou'th in height rncl diarnctcr. and are of-
tcn predisposed to attack by other diseases and
insects (Hawks$orth and Wiens 1972. 1995).
lhc r (1 , \ rc .  rc .o l t rC(  mt l )agcrs  in  m: ln \  p r i \a te .
state and federal land nranagcmcnt agcncies have
implemented strategies specifically designed to
reduce the damage caused by d\\'aff mistletoes.
Despite these etl i)fts. dwarf mislletoes are com
mon inhabilanls of canopies in westem lbrests.

My discussion ofthe drl, arf mistletoes as com-
ponents of f irrest canopics wil l concentrate on
d$,ad mistletoe population dynamics. $'itches'
br()om tirrmation. eft'ects of dwtrrf rlistletoes on
tbrcst canopl' structure and what we know about
the ecological interactions betu'een dwarl misde-
toes and other forest canop) inhabitants.

Population Dynamics

To urderstand how dwarf mistletoes function in
ltrrLl .rl-[ccl i 're.t crnopie.. hou the.e prra.ite.
spread and intensily within lbrests (population
d,vnamics) must t lrst be examinecl. This cxanli-

nation wil l includc a short discussion of thc l ifc
cycle and seed dispersal mechanism. Ha$ksu'oth
and Wicns (1995) provide a more detailed dis
cussion of these processes.

The dwarfmistletoes are dioecious seed plants
that have an unusual nrethod of seed dissemina-
nr 'n .  F rur l \  p ro r luce t l  on  fenra le  p i ln l .  mr tu re  in
the late summer to garly winter. contain one seed
pcr fiuit, and discharge the seed explosively (Hinds
et al. 1963). Seeds are expelled at an init ial ve-
locity of about 27 m,/sec and can fly as far as 15
m, depending on several factors (Hinds and
Hawksworth 1965. Hawkswoth and Wiens 1972.
1995). Seeds are coated with a substance called
viscin that acts like a glue and rllou's dispersed
.cctl. t,r .rJhe|e ro ubjccr: Ihc) . lr ikL.

Seeds that land on susceptible trees can lnl
t iate new infections. Thousands of sceds arc dis-
pcrsed from heavily infected trees, but only abouL
5 percelt of the dispersed seeds are estimated to
land on a potential host and only l-2 percent ol
thosc sceds establish successful infections
(Hawkrworth and Wiens 1912, 1995).

Abouttwo yciu s aficr inlcction occurs. misdcloc
shoots appear on the outside of the branch. In
another two years. shoots produce tlowers. and
poll ination occurs. ln another 5-19 months. nla-
ture fmits disperse their seeds. On the average.
the entire l i le cycle takes about,l-7 years to com-
plete. depending on the species of drvadmistletoe.

Because du'arf mistletoes rre primarily dis-
scnlinated by the explosive seed dispersal mecha-
nism. forest canopy structure and densit)' greatly
influence spread of these parasites. Riltes of ver-
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tical spread in individual trecs is largely govemed
by crovn characteristics. Species u'ith opcn
erouns .  such a .  p ines  rPr r ls  spp . r .  p r r rn i t  mor<
rapid vertical spread. Species with dense crowns,
such as true firs (Able.r spp.), have less rapld ver-
tical spread because their dense crowns influcnce
seed fl ight more than trees with opcn crowns
(Hawksworth 1965, 1969. Schalpf and Parmeter
1976. 1982). In addition. crown structure influ-
cnccs horizontal spread fiom trec to tree. Cano
pies composcd of tree species with open crowns
may allow more seeds to cscape from u'ithin
crorr ns anJ thcrcb) pror ide le's .creening t, '  prc-
vcnt infection of nei:rby crowns. This factorprob
abl5r has Iess iniluence on horizontal spread thar
on spread of dwarf mistletoes within individual
trees. however (Parmeter 197[i).

Tree density, which directly influences the
canopy structure ofa forest. also intluences dwarl
mistletoe population dynamics. Generally, dwarf
mistletoes spread more rapidly in open canopy
structures (lower densities oftrees) than in dense
canopy structures (Parmeter 1978). In areas with
few tees, canopies may be so far apart that mistle-
toc seeds cannot reach neighboring canopies. Be
yond some critical distaDce that varies with canopy
height. topography. and the species of dwaf mistle-
toe, the probability of seed dispersal tiom one
tree to another is unlikely. As distance between
trcc crowns decrcases between int'ccted and healthy
tlees. the problbility of seeds reaching other trees
increases. When canopies close. the), screen seeds
from reaching beyond the trces inmediately sur-
rounding infected trees. In rddition. spread is in-
lluenced by the number of unsusceptible trees with
crowns intermixed bet$'een those of susceptible
trccs (Parmeter 1978. Ceils and Mathiasen 1990).

Probably the most clearly understood concept
in dq'art mistletoc population dynamics is the eft'ect
of canopy height structure. In dwad mistletoe-
jntested ti)rcsts with different crou'n heights. the
crowns of small trees are constantly exposed to
dwarf nistletoe seeds from above. In these firr-
ests. the crowns of susceptible smaller trecs can
rrrcly remain free of increasing dwarf mistletoe
populatjons. That thc horizontal and vetical spread
of drvarl mistletoes is more rapid in lbrests with
multistoried canopies than in forests with singlc-
storied canopies is well documented (Gil l and
Hawksworth 1954, Kurgt l9-55. Kimmey and Gra-
ham 1960.  Hawkswor th  l96J ,  Scharp f  and

Hawksworth 1968. Scharpf and Parmeter 1976.
1982, Parmeter and Scharpf 1989. Geils and
Mathiasen 1990).

Dwarl mistletoe populatioD dynamics is greatly
influenced by management activities because they
, rh r  iou . l1  in f l r rcnce 5 tard  drn \ i t ) .  \ fe \  ie \  r , , rn -
position and lbrest canopy structurc. In some for-
ests. dwarf mistlek)e int'sction is undoubtedly
greater because past forestry practices. such as
high grading or partial cutting. havc leli lbrests
m, , re  l ' l en .  c rca tcd  mul t i . to r ied  canop ie . .  r , r  re -
moved healthy or unsusccptible trees and left in
fected trcl]s. These practices have often greatly
favored population increases of dwarf mistletoes
in tbrest canopies (Parnrcter 1978. Maffei and
Bearty 1988).

Along with past logging practices, the avid
suppression of wildfire for thc pasl 80 "vears has
aff'ectcd dwarl mistletoe populations. Fire is the
pdmary natural disturbancc that has influenced
dwilrf mistlctoe population distribution in large
forested areas (Alexander and Harvksworth 1975.
Wicker and Leaphart 1976). Where large areas
have been dcstroyed by intense wildtire. the re-
placement forests are fiee of dwarf mistleloes
except at their margins. Because dwarl mistle-
toes slowly reinvade thcsc lbresls at an average
rate of onlv 30-60 cnVyear (Hawkswoth 1958,
1960, 1961. Sheaand Stewut 1972.Wagener 1965.
Crane and Fischer 1986), thesc replacement for
ests can remain free ol dwarf mistletoes lbr many
years. Because ofpatcby fuel accumulations and
topographic ttatures such as rock outcrops, even
large, intense tlres fiequently lcave individual or
groups ol infected trees within tire boundaries.
These trees serve as sources of new int'ection as
new regeneration becomcs cstablished after the
tire. Frequently, dwaf mistletoe populations are
cenLered around old. intected residuals that havc
survived lires and seNe to reinfect the replace-
ment trees in their immediate vicinity (Shca and
Stewaft 1972.). This reinfection is certainly com-
mon in the dwarf mistletoe- in1'ested stands of
westemhemlock (Iruga lrctercphylla (.Raf .) Sarg.)
and westem larch (krlr.'r.. i./ertu1ir Nutt.) stands
throughout much of the Pacific Northwest
(Alexander and Hawksworth 1975, Wicker and
Leaphart 1976, Crane and Fischer 191i6).

Heinselman ( 1970) contends that because of
the l ire exclusion policy of public and private
fi)restry protection agencies and organizations,
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dwadmistletoe populations in forested areas have
greatly increased. Fire exclusion has helped cre-
ate multistoried canopies which are conducive to
increasing dwarf mistletoe populations and have
essentially elimiDated this natural contol mecha
nism tirr dwarf mistletoes in unmanaged tbrests.

Witches'Brooms

Onc ofthc principal cffccts d*,arf mistletoes have
on their hosts, and hence on the calopies of in
fested forests. is that Lhcy inducc thc fonnation
of $'itches' breoms (Figure I ). Witches' brooms
exhibit several characteristics atypical ol healthy
host tissue. such as increased longevity (Weir
I 9l6), elimjnation or reduction of cone and seed
production by broomed branches (Bonga 1964,
Kuijt l069). incrca'ed branch eiongalion on.ume
l ros t  spcc ics  (Hawkswor th  1961.  T inn in  and
Knutson 1980), increased biomass relative to
hcalthy branches ol the same age (Tinnin rnd

Fieure L Wiiches' brooms caused b.v dwad mi\deioe inltc-
t ion on Douslas- l l r  in  east  centra l  Washingron.

Knutson 1980). or decreased number. length, and
mass of needles (Broshot et al. 1986.). A givcn
species of dwarf mistletoe tends to stimulate
brooms of a similar type on each infected princi-
pal host and on closely rclatcd alternate hosts
(Hawkswonh andWiens 1972. Tinnin et al. l982).

Witches' brooms har'e been characterized based
on the pattern of int'ection. wjthin the inlected
branches of the brooms, by thcir general shape,
or their grou'th habit (Kuiit l955. l960.
Hawksworth 1961, Hawksworth and Wiens 1972,
1995, Tinnin and Knutson 1980, Tinnin et al. 1982).

Formation of witches' brooms as a response
to infection by dwarf mistletoes is thought to be
relatedto an imbalance inone or more plantgrowth
regulators in infected host t issue. Paquet (1979)
and Schafltr et al. ( 1983) dctcctcd increased con-
centrations of cytokinins in infected branches
compared to healthy branches of the samc agc.
L i r  ings ton  e t  r1 .  f  lqE l )  repur ted  inc reJ .e .  in  c )
tokinin and indole acetic acid conccntrations and
decreases in abscisic acid. in dwarf mistleLoc-in-
fe(lcd ho\l I i .:uc oi blircL .fru(e i Pl.c4 ,r!. i / i ../ i  ro
(Mill.) B.S.P). The exact mechanisms through
which these substances are related to witches'
brooms remain unclear. Whether increascd con-
centrations of cyLokinins. indolc acetic rcid. or
both disrupt the dominance exerted by the apical
meristem of inlected branches, thereby allowing
the rapid growth of lateral twigs. or whether de
creased concentrations ofabscisic acid cause this
phenomenon, is uncertain. How dwarf mistlctoes
cause changes in plant growth regulator concen-
trations is also not undcrstood. Does the parasite
pr r r rJuce rn rJ  then re le lse  lhese.ubs l lncer  in to
the host tissue to cause conceDtration incrcascs'l
Or docs it stimulate the host to produce additional
amounts (or. fbr abscisic acid, reduced anounts)
of the substances? Some cvidence suggests that
thc first mechanism may be responsible fbr the
in(rea.e\ in Plirnl gr, r$ lh regulrrt 'rconcentrrl ion\
(Paquet 1979. Schafler et al. 1983), but more re-
search is needed on this topic. A few dwar{mistle-
toes do not induce witches' brooms (Hawkswofth
and Wiens 1972. 1995), but again it is unclcar
why.

Dwarf mistletoe parasitism greatly alters the
host's carbon allocation. Obviously, becausc the
parasite is absorbing nutdents from its host. these
nutrients are no longer available t0 the host. Even-
tually. the host begins to suffer as the dwarf mistle-
toe pepulation it is supporting reaches alevelwhere
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thc host ciinnot provide eDough nulricnts to sup-
ply the parrsitc s needs as rvell as its own. Gradu-
ally. host gro$th in height and diameter begins
to decrease. Trccs weakened extensivelv by dwarf
mistlctoe pilt lsit isrn may be attackcd by other
diseases and insects lhat contribute to eventual
dcath. As heavily inlected trecs dic, their crowns
thin ancl neeclles become chlorotic. Unint'ected
bralches and witchcs' brixrms in the upper crown
oflen die tlrst. Frequently, dcad krps clevelop on
these trees (Knutson 1983). The last braDches to
ladc and die are typically the largest broonrs near
the boitoln ofthe crown. This process usually takes
sclcral vears. depelding on thc agc of the tree
and il larictl of environmeltal lactors. Witches'
brooms are belicvcd to act as nuffient sinks and
command a large share of thc metabdites pro
ducedby lhc llost (Hullrncl Leonard l96,1a. 196.1b.
Leonrrd ud Hull 1965. Clark and Bonga 1970,
N{il ler and Tochcr 1975, Knutson 1983). Litt lc
infi)rnration is available on thc actual energy de
mands ol' inf 'ected branches compared to hcalthy
branches. howcvcr. Caretul neasutements of tltc
energy budget of ilfected lrccs and the eflects of
dwarf mistlctoe parasitism on carbon allocation
within intected branches lrc nccded (Wanner and
TinniD 1986).

Changes in Canopy Structure Related to
Dwarf Mistletoe Infection

Forests infested rvith dwarf nristletoes have very
diflerent canopy structures thrn do similar non,
intested lbrests, for sevcral reasons. As intection
spreads and intensifies. the crown structure of trees
changes dramatically. As nlorc branches becoIne
intected, mole brooms fornr. unti l I tree nay be
cone one lalge mass ol'dwad mistletoe brooms
(Figure 2). As dwarf mistletoe infection spreads
through a forcst. the whole canopy stmcture bc-
comes dominalcd bv hees \\, ith large witches'
brooms. trees u,ith spikc tops, and dead hces with
old brooms that may remain on trees firr several
years (Figure 3). Thesc changes in caDopy stmc
ture take mln)' )cars.

Often. dwad mistletoe infection is patchy within
a stand. with discrete irfection ccnlcrs. Over time.
many ol these centers nay coalcscc to tirrm in-
feslations thrt cover nany hectares. Thcse fi)r-
esls consist of a nrixture of dead trees. hcavily
broomecl oldcr trees. lightly inf-ected youngcr Lrces.
and some trees that have escapccl infection 1br
various rcasons. As trees die. dircctly or indirectly

Figurc 2. [Jestern la.ch infected $ ith d$ arl mistlefue in nofih
ern klaho. Tfee on right ishcavily iDlected rnd tree
on the leli is modefatelv i iictcd. Note the difi-er,
cncc ln crown snucrure betqecn lhc l$o t rees.

as a rcsult of parasitism by dwarf mistletoe, maDy
snags are crcated within inlested stands. Eventu-
rlly, gaps develop in the forest canopy. These
processes alterthe caDopy structure ofthe inlested
stand to the point where it no loDger rcsembles
the canopy structure of a similar. but unintested
stand.In nixed specics forests. where one or nlore
less susceptible or immune spccies are intennired
among highJy susceptible species. thc eff 'ect of
du'ad mistletoe infcction on canopy stlrcturc will
bc less pronounced.

Givcn that many other organisms directly ben
efit by using dwarf mistletoes tbr lbod ol wiLches'
broons for shelter, or ildirectly by using dead
trees lbr nesting sites as do rnany cavity nesting
tnimals, the benefits to wildlit 'e habitat derivcd
l r t 'm lh r \  p r rdu i l l  c : lnop)  \ l ru ( lu rc  . , 'n rc rs ion

"r'l
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Figure 3 . Lodgepo le pine strnd hervil) infested r\ irh dlvrd m istletoe i n norlhern Colorado. C anopy is composcd oi broomed ltlld
derd trees. Nlost ofthe understor\ trees rre infected bul rre nol vet hervilv broomed.

could be substantial (Tinnin ct al. 1982. Tinnin
198.1). The infested stand is as highly complex
ecologically (if not more s(, as an uninlested stand
and is ecologically distinct in its function and
canopy str-uctur-e. Hou,evel, there are 1ew studies
cornparing species diversity of du,arf mistlctoc-
flee tbrests rvith similar. intested tbrests. Only in
rcccnt ycilrs h:rve investigators exanrined these
relations (Tinnin et al. 1982. Tinnin 1984, Bennetts
e t  a l .  1991.  Sever  e t  a l .  l99 l ) .

Dwarf Mistletoes and Other Forest
Canopy Inhabitants

Complex intenelations exist between dwarf mistle-
toes and a wide variet) of other organislrs that
inhabit forcst canopics in wcstern North America
(Hawksworth and \\'iens 1995). lnsects pollinate
dwarf mistlctocs and mistletoe shoots. pollen and
nectar serve as lbod lbr various fungi. afihropods.
birds. and roclents and othcr mammals. Animals
fbrage among mistletoe shoots and witches'
brooms. Witches brooms seLve as nesting sites
for several spccics. and animals can serve as seed

vgctors fbr dwarf lristletoes. These vanous rn
tcractions wil l be discussed separately below.

Arthropods and Dwarf I\,4ist etoes

Dwad nristletoes harbor numerous trthtopods. but
we know liftle about the ecological relations amon-u
rhcm.  Tnser l .  l r re  lhouFhr  to  ph1 an  impor ranr
role in pollinating dwarf mistletoes (Ha\\"kswofih
196l. Stevens and Hawkswonh 1970, 198.1, Gregor
et al. 197:1. Penfield et al. 1976. Player 1979.
Hawksworth and Wicns 1995). The principal
poll inators identit led thus tar are thrips
(Thysanoptera). ants (Hymenoplcra). and r wide
variety 0f llies (Diptera).

Several species of arlhropods. especially Lcpi-
doptera larvae. feed on dwarf mistletoe shoots.
and some are thoughtto bc spccillc to clwad mistle-
toes (Stevens and Hawkswolth 1970. l98.1,
Hawksrvorth and Wiens 1995). Fccding by in-
sccts is sometimes highly destructjve to the shoots
(Scharyf and Koerber 1986). but l i tt ls is knewn
about the ellects ofinsect feeding on dwarf mistlc-
toc populations over long periods. Only a ferv
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insects that feed on dwarf mistletoes have becn
commonlv collected or havc had their l i le histo-
ries studied (Slevcns and Hawkswonh 1970, 198.1,
Harvks*orth andWiens 1995). These include the
fblf owirg Lepidoptcn . F il.lt itlw nut1Lis (Heitrich),
D allpt ga a h e nto s q uune I I a Raganot, ttnd M itou nt
'p in t  lo f l t ln  lHc$ i l .on) .  E i l ch  o I  the .c  ln \1 . ( l \  i \
specific to dwarf mistletoes and has been destruc-
tive to shoots in some locations (Heinrich 1921,
Hawksworth 1961, Shields l965, Stevens and
Hru  Lsu ur th  lg?0.  lqR4 r  An, ' lher '  spec ies .
Mitoura johrtsonii Skinner, occurs on hcmlock
dwarf mistletoe tiom Oregon to Brit ish Colum-
bia (McCorkle 1962).

Another group of althropods commonly fbund
associated with dwarf mistletoe shoots is plant
bugs in the gents NeohorelLa. particularly N.
tunlid.t Knrghl This species is a widesprcad as-
sociatc of several dwadmistletoesthroughoutthe
westem United Statcs (Stevens and Hawkswofth
1970, 1984, Hawkswonh and Wiens 1995). Al
though plant bugs are commonly associated with
dwad mistletoe shr)ots. they seen to cause little
if any observable dan'rage to the shoots.

Onc ofthe most interesting and easily observed
arthropods found frcquently associated with dwad
mistletoes. pafticularlv in the Southwest, is aspittle-
bug, currently classilied as Clastoptent distincta
Doering (Stevens and Hawksworth 198.1.
Hawkswofth and Wiens 1995). Spitt lebugs are
sucking insects. some ofwhich are impoftant plant
pests. Theircommon namc describes their nymphs,
which live and t'eed in masses of a secreted ma-
terial that resembles spitt le. High populations of
this insect have destroyed large numbers ofdwart
mistletoe shoots (Hawkswonh 196I ). but spirrlebug
populations are seldom large enough to seriously
aiiect dwarf mistletoe populations over large areas.

Several specics of nrites have been found as-
sociatcd with dwaf mistletoes. The life histodes,
habits, and ecological relations of dwarf nistle-
toe-inhabiting mites have reccived litt le study,
however (Stcvens and Hawksworth 1970, 198,1.
Hawks$'o{h and Wiens 1995).

Spiders have been foLrnd associated with dnart
mistlctoes in Colorado (Jennings et al. 1989). More
than 20 spider spccies were found to be associ-
ated wilh three different species ofdwarf mistle
toe. The ecological rclationships ofthese spidcrs
with dwarl mistletoes havc not been investigated
in any dctail. Possible rclations include spiders

as pollen vectors or deterrents to pollen dispersal
(r'ebs catch pollen), as predaton of insects that
are directly associated with dwaf mistletoes (pol-
linrtors or herbivorcs), and as predalors ol ca-
sual insect visitors to dwarf mistlctoes (Jennings
et al. 1989).

Because tee nortality greatly affects the stand
and ( i r r i ,p )  \ t ruc tu re  o f  uc \ le rn  lb res t . .  in .ec ts
thatkill trees and theirrelations with dwart nistle-
toes must be mentioned. Much of this infirrma-
tion is based on obse ations, but some quantita-
tivc data are available. Mostof the completed work
has dealt with the relations between dwarf mistle
toes and bark beetlesinthe genus De dtoctonus.
Dwarf mistletoes evidently do increase the sus-
ceptibility of infected trces to attack by certain
bark beetles. The best docunented examples are
for westem pine beetle (Dentlroctottus brevicomis
Lec.) and mountain pine beetle (.D. ponderosue
Hopkins) in ponderosa pine (Pira.s porulercsa
Laws.)(Stevens and Hawksworth 1984). In addi-
tion. "secondary" il'rsects (.l1t.t spp. trnd Melanophila
spp.) have often been reported to attack and kill
dwarf mistletoe-infectgd trees. Srevens ano
Hawkswofth ( 198,+) and Hawkswonh and Wiens
(1995) present excellent summaries ofthc repofied
relations between tree mofiality. insects. and dwad'
mistletoes.

Fungl and Dwarf l\4lstletoes

Several species of fungi have been identified as
hyperparasitcs of dwad mistletoe shoots (Kuijt
1963. Wicker and Shaw 1961J. Hawksworth et rl.
1977. Scharpf 1986. Hav ksworth and Wiens 1995).
Table I lists these fungi and their known geo-
graphic distribution in westem Notth America.

Sevcral species of fungi int'ect branch tissue
that is already infected by dwarf rristletoes. These
fungi are relened to as "canker fungi" because
they kill the cambium of the host branch as well
as the d\\"arf mistletoe. Most of these fungi have
been described in association with the western
hemlock dwarf mistletoe ( A rc eut ln biu n t s u ge n s e
(Rosendahl) G.N. Jones subsp. tsagense) in Brit-
ish Columbia (Baranyay 1966. Funk and Branyay
1973. Funk 198l. Funk and Smith 1981). Litt le
is known about howthese fungi affect dwaf mistle-
toc populations. One of these fungi. Nectrla
fi.tcrospot".t (Wr) Ouellette, has been reported
t,-r reduce dwarf mi.l letue reproductlon in .otne
areas (Funk et al. 1973, Snrith and Funk 1980).
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TAul-11 l. Fungiknown to be h!peryarasites of d\admistletoe \hoots in $estern),lo h,A.nerica und fi.ir known gcogrrphical
di\lribulion based on narasitisn of dwarf mistletoes.L

l-ungus Rcp0rtcd Distribudoll

\vallrcth lld ot cuth.hii lPeck) Sacc.

C t ) I le kn rit lutn qbeos!)o t ii ides Pen2.

C\ lnulroeryt , t  s i l l i i  (El l is)  J.  A.  Mui f

CrlirulrouL4tut sp.

,1/t? /n.r fid !r!|(rrdlrr (Fr) Kers!ler

M eu sphue riu t hee Ie ri Linder

H.,/7,.t/jcl n7 lr"r 4r.ri (Duby) Petr,rk

Ptstdlotid na(uLilornku,r Ciubr & Zcllcr

Pestdlotia h.te nconis Cuba

Lrnited Strtes. C:mad.r. und Nlexico

\ltncrn United Sralcs. Canada. and \{ciico

$'estern Uniled Srares, Clanada. and Nlcico

Soutbern N{exico

N{anitoba. Clllluda

Calilbrnia

Caliibrnia

I)onrlnrcan RepubIc

'  Brscd on in lornal io.  i . :  Kui j !  1963: Ha\ksr lor th et  a l .  1977: Sch.Lrpf  1986; Ha$ kswofth rnd Wiens I995

Scharpf (1969. 1983) demonstrated that
C\tospor.t abieli.\ Ft. is consistently associatcd
with dwarf mistletoe infections of red fir (Abies
ntttgnifico A. Mur.) and u'hite ft (A. concolor
(Gord. & Glend.) Lindl.) in Cali lbrnia. About 20
percent of thc dwarf mistletoe-infected branches
he examined u'ere also iniected by C. abieti.s.
Scharpf concludcd that infection by this fungus
is lesponsible tbr a reducing the total dwarf
mistlcloc population on dwaf mistletoe infected
tme firs in California. Fil ip et al. (1979) reported
that C. abieti.t also inf'ected dwarf mistlcloc-in-
fected branchcs on noble llr (A. procera Rehd.)
and Pacific silver fir (A. arralills (Dougl..)Forbes)
in Oregon. They also reported two additional fungi
associated with dwarf mistletoe inlections on these
trvo true firs: Cr_rplo sporinm pinitola Linder and
Cr I indrot: urpon t:l lirlpirlr,s Wollen (the irnper-
tect stage of Nec/da liictellaarr Booth). Bylcr and
Cobb (1972) reportcd N. fuckeliana infections
associated with dwad mistletoes on bishop pine
(Pitn$ ntuicuta D. Don) ancl white fir in Cali-
lbrnia. Diplodia tip bllgltt (Sphaentpsis supitrca
(Fr) Dyko & Sutton) has been associated with
dwad n.fstletoe infections on both digger pine
(Pinus sobiniona Dougl.) and bishop pine (Hunt
1969) .

A ru st fu ng u s. Perldr: rntiwn bet he lii Hedgcock
and Long. is consistently associated u'ith intec-
titlIrs oflodgcpolc pine dwarfmistletoe (A,.. "r/?.) -
bilrnt emeic tLun Nutt. ex Engelm.) on lodge-
pols pine (Pirr.r cotiorta DotJgl. ex Loud.) in
the Rocky Mountains and Calilbrnia (Hawkswonh
et al. 1983). The role of the dwaff mistletoc in

the l it 'e c1cle of the rust is not well understood,
however. More work is needed on the relation of
thc ru'l rnd the mistletoe ls *cll as the ta.r.onomic
status of thc rust (Hawksworth et al. 1983).

An mals and Dwarf lvl stletoes

The majority of the investigations on the rela-
tions between animals and dwarfmistletoes have
been related to animals acting as vectors for long
range dissenrination of dwarf mistlctoc sccds
(Hawkswolth and Wiens 1995). This relation has
now becn well documentedby several investiga-
tors (Nicholls et al. 198.1. 1989, Punter and Gil-
bet 1989. Hawkswoth andWiens 1995). Although
the importance of animal dissemination ofdwarf
mistletoe seeds remains uncertain, it is undoubt-
edly responsible for establishing new infection cen-
ters at much greater distancas than could be attained
by thc explosive seed dispersal mcchanism
(Hawksworth and Wiens 1995). Several aninals,
primarily birds and squinels. have been identified
as vectors of dwarf rnistletoe seeds (Table 2).

Another relation that has beenwell documented
between animals and dwarf mistletoes is the use
of witches' brooms as nest sites (Table 3)
(Hawkswoth and Wiens 1995). Whether animals
rely on or preferentially select dwad mistlebe-
induced witches' brooms as nest sites is still un-
der study. Recent studies of the nofihem spotted
owl (St,"ir octidentalis (aurina) in the eastem
Cascade Range of Washington indicate that thcsc
owls fiequently nest in dwarf mistletoe brooms
(Irwin et al. 1989, Richards 1989, Forsman et al.
1990. Mat1in et al. 1992). Recent observations in
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L\BLE:.  Animal \  x lcnr i l ied as rccrors of  dwarf  misr tetoe IABLE 3. A nim.rls thrr use d|! rrl Drisrletoc causedwitchcs'
brcoms fir| nesting.

Urrds NIrlnm.rls lvlamlnrls

Srcl ler 's . i r t

Gml ja]'

l hrcc roed $lxrdpeckcr

$ ' i l l i . rnson \  lapsucker

Robrn

Dark-e)edJunc0

Gmy-headJunco

Herrr i t  t l l ru\h

Norlhcm sar\.\| hcl o$l

Audubon s $ arblef

Yel low rumped $arblcr

\4ount! in chickadcc

P)gm!.ulhr lcb

Chrpping \farroq

To$Tlend s solit.rife

Rcd crossbi l l

Br0r\n cfeeper

Si\,.rinson s tlrrush

Red brea\tcd Duthrtch

Red squil.rel

Flying \quirrel

Colden m.rntled sqLrircl

I -cast  chi tmunk

Pine s ist i r

ajra) jr,"-

Red crossbi l l

R(rbin

R ven

NloumiDg clove

Chipping spairo\\

Hermit lhrush

C.rssin s finch

Nlarblcd lntrrfelet

Northefn spottcd 0\\ I

Nlexican spolted o\\,1

Great gra\ owl

Crcrt horned or'l

Long-earcd Lr\!l

Coopcr's ha\rk

Cosha!vk

Sharp shinned hau k

Red squirrcl

I l lscd on infonnai ion in:  Nichol ls  c l  . r l .  198.1.  1987. 1989r
Purter . rnd Ci lbcr t  19iJ9r Halvks$orth and Wiens 1995.

\!estem Oregen hare conUrmed that marbled
nurrclets (Brat hyrantpltus tndrnorutus) use
witches' brooms causedby westernhemlockdwiuf
nristletoe in western hemlock as nest sites (Clint
Smith. Oregon Department of Forestry. Salem.
pers. comnr.). Red. Abert. and flving squinels also
u . t  r lu  l t  I  n ] t . l l e lue  hro i ,m.  ln r  nc \ l  . i l e j
(Farentinos 1972. Hawksworth and Wiens 1995).

Several animals leed on dwart mistletoe shoots
or indirectly on thc cnclophvtic s1'stem. by chcw-
iDg and cating dwarf mistletoe infccted bark
(Hawksworth and Wiens 1995). Table,l l ists the
aninlals repofied to use dwarf mistletoes as a food
soufce. A]though the usc of dwarf mistletoes as
food by various aninrals is wcll docunentcd. the
importancc ofd$'adntistletoes in the diet ofthese
animals is uncertain. Much of the use of drvarf
mistletoes appears to be during the winter $'hen
other food sources ale lcss conmon orcompletelv
unavailable. Dependence by birds. rodents or

tsascd on infof lnat ion in:F enr ino!  1972:Tinnincrat  1982;
Smjth. pcrs. comm. 199.1: H.rr.kslvonh and Wiens 1995.

TABLE.I .  Animrls thar use d$a mist leroc\  rs l i rod.r

Birds \{a muls

Bhck-headcd grosbeak

E\,ening gr0sber*

Bluc gr  rse

Spruce grou!e

Richardson grousc

Ruffed grou\c

Black capped chickadsc

Thrush

trl0untain blucbird

Phrinopcph

N{ouning dole

Robin

Band-tailed pisc0n

Clhipnmnks

P0rcuf inc

E t k

Mule dee.

Red squi ITcl

LBascdon infannat ionin:  Pinko!r ' \k i  t9 iJ l rTinnin c la l .  1982:
C]ra\L1brd et  a l .  1986r Pederson er  l l l .  I987r At l red 1989:
l l rwksulnrh and Wiens 1995.
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marnmals on dwarf mistletoes has not been rc-
ported. Investigators havc dcmonstrated thrt dwad
mistletoe shools are highly di-qestible: they are
high in carbohydrates bul low in mineral and pro-
tein content (Unress 1969. Craighcad et al. 1973).

Litt lc infi)rmation is available ot the use of
dwarf mistletoe brooms b.v animals for hiding
cover. resting sites. or lbra-ring sites. Martinka
( 1972) rcpofted the use ofbroorns fbr hiding cover
by bluc grouse (Der drdgapus obst:Luu.s) i:nMon
lana. Martons (M.Lrtes aneric lu) have been
observccl using du,arf mistletoe-caused $'itches'
brcxrms for resting sites (Campbell 1979. Hauptn.ran
1979. Ilurnett 1981, Spencer 1987. Buskirket al.
1987). Otheranimalsprobably uscd*arf nrisde-
toe brooms for covcr. rcsting sites. and foraging
sitcs but thcse relati0ns are poorly documented.

In general. the relations between dwar{nistlc-
toes itnd the myriad oforganisms that inl.rabit forest
canopies are not well understood. Because dwarf
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