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Introduction

Hemloct dwarl rnistleroe (Arc:euthobiun tsugense
(Roserrdahl) C. \ .  Jones) is rr ide-"pread in old-
grorrth stands oI lcslcrn horlock (7raga

heterophtLla (Raf.) Sarg.) in southeast Alaska
(Laurcnt 1974). Thc discasc is" holcvr:r.  regar-ded
as less ol a problerr in managed. voung stands o1
tcstcrn hcmlock in southc*l Ala,ska than in sinilar
stands iarther south in coaslal Bri t ish ( lolumbia.

Vashington. or Olegon (Shar'  l9f: j2. Henrron and
Shar I9BB" Shan and Hcnnon l99l ).  Ihr 'rc arr '
sevel:rl hrpotheses as to r,rhl this diflerence exists
(Drumrnond and Hatk,.tonh 1979. Shal '  l9l l2.
-Qharr and Hennon 1990). . \  pl im:rrv re:rson ap-
pcers to be that sprcacl and intcnsification o[ d$arf
mist lekre in inlesled stands. even beneath ini ictecl
rcsidual trccs rrhcrc loung honlocks arc highlv
prone to inlect ion (Shal l982. Sharr ancl Hcnnon
I99t). is markedly loler in southeast , \ la-skr th:rn
in similar st:rnds clscr,".hcrc.

S'hr ' frrr,cr infccl ions afe presenl in Lhese
stancls thal in similar stands in coasta] British Col-
umb ia .  Wash ing ton .  o r  O l cgon  i s  r r nk r ro l r r .  bu t
msnl possibi l i t ics cxist.  ! 'or rxdmplc, thcrc mav
be dillirences in poliination biolopl. seed produc
tion. seed , ' iabi l iLr. seecl dispelsal.  seed retention.
seed llelmination. inlection developmcnt. infcction
sur-vival.  or gencratiorl  Lirne ( l I !r \ \ 'ksr!orth ancl
Wein-s 1972). This p:rper reports results of f ield

inoculation studies dcsigned to provide informa-
lion on these latter five iirctors and compare results
t i th thosc rcported f lonr similar studies conductcd
on ,:1. tuulicnre in othcr locations.

Methods

Mature seeds ol A. tsugense wele collected liom
infccLed western hernloc,k trees rvithin the Citv and
Borough ofJuneau. Alaska in September of 197 7.
l97tt.  and 1979. Soon after each year's rol ler!
Lion. moistened see{ls \ \ ,ere placecl on ftr l iagc .rncl
b r r rn ,  l r , .  o l  r  uung  s ,  - t ,  r n  h ,  m lu ,  k  11ee .  g ro r ' i n2
in Lhe citr  near Lenron Crerk. This clensr. un-
thinned stand of loung-gror,lh $estern hemlock
anrl SiLka sprucc \Piceo sitclrcrxis (Bong.) Carr.)
developed after clearcut logging in 1958-60. It is
orr a gentle, sorrth-facirrg slrpe and is laLher tvpical
of loung slands lhroughout southcast Alaska
(Harris and l'arr 19 7,1).

In 1977. 963 seeds \\ ,erc placcd on tt ' igs and
r)ne-veaf-old needles in lower and middle cro$,n
branchcs. as follows: 160 on incliviclual needles
$ iLh a Posit ire angle ol al lachment 10 lhe lwig. 160
on inrl i l i r lual neecl les l i th a ncgativc angl: of at-
tachment to thc tr,;ig. 50 on needles t'ith a near
zero (horizontal) an€(le ol attachnent to the t$ig.
ud 51)3 dircct lr  on tnigs (Figurc 1). Onlv one
placelnent tvpe rvas used per branch. In 1978.
783 -.cct ls r,".crc placcd:200 on needles t ' i th a
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Figure l S e rieir ofa vedem hemlock tlis sho$ins posili\1l
(+ ) .  near  ho f izonh l  (0 ) .  lnd  n i ,g r r i r .  ( - l  a , ,s lcs  o l

need le  r l l r chmenl .  P laccmc. l  o l  d  .hv l r f  h is l l {  lo .

seed is  shown on rhe  l0 )  need l . .

posit ive angle of attachment. 163 on nccdlcs ni lh
a negalire angle. 168 on horizontal needles. and
252 dirccrl l  on t l igs. In J979. 210 seeds \fere
placed on tt ' ipJs. ' fhere lns no othcr-sourrc of
clwarf rrristletoe seed l ithin several hundred meters
of the inocul:rtion -"ites.

Al l  inoculat ions rere e\amined at irreEiular in-
terrrals everr l i t  months dLrl ing thc f irst 4 r 'ears
after seed placement :lnd the pelcentage of sccds
reLained r,ias r'akrulated for each tvpe oi illocul:l'
t ion sitc aftcr thc f i  r 's l  $ inlcf.  Percent gef mination
'ira-q calculated ibr these retained seeds for cach
' " . r r t , f  i r r " '  u l . r t i " n .  Fu r  t h ,  n ' ,  J1 ,  - i t ' - .  r - t . r r t i , ' n
incltrded seeds lhaL mo!ed. primarih via rain
clroplets. to trdgs rnd nccdlc bascs as lhcse siLes
are the primarl inliction courts (Roth t959). Seeds
r,ere placecl cl irecLl l  on t l  igs and needle-" rr i th dif-
ferent o entat ions to simulrtc aclual rnlcrccptron
of seeds ejected iiom explosive fruits on maturc.
fcm.rlc infcct ions (Hatksnorth and tr i rns 1972).
Erarnination ol 15. one-ye:rr-old needles on each
of l0 dif ferent lolcr croln branchcs 1,150 toLal
neecl les) in Lhe studv sta d shr)$ed that 520i had
a posi l ivc anglc of attachment. 280/o were lrol izon-
tal. and 200/o had a negatir.c anglc of dttrchmcnl.

lnspections lrerc rndclc approximatclv bian-
nuallv aftcr l9B3 trnt i l  l9f: i6 arrd Lhen annuallv
until l9BB. A cur-sory exarnination of thc l97B and
1979 inoculat ions \ras madc in l \{arch 1990 to
assess shoot plodudi.D. seed production. and
l lrandr nofLal iL\.  The prrDort ion of relaiDed seeds
that dcvclopccl into infccl ions las r leterrnirrecl br
notinpi r\,here branch slellings formcd rrt inoculii-
t ion sites or rvhcrever-Lhe seeds f inal lr  restecl.  The
time period fol iniections to ilrst be detectod as
noticeablc stel l ings. the tenrpolal palLcrn of pro-

du<tion and retcntion oI d\\ 'arf mist letoe shools and
li uits on female shoots. the appearance o1\ritches'
brooms (Baran,-ar et at.  I97 I),  and irrfect ion m{)r-
tal i tv also lere calcul i t le{].

Results

Seed retention and germinat on
'l'able 

I shols thc ploportion of sccds retained
after one \,intel for each inoculation trle. \eedles
t ' i th a negative angle ofattachrrent had thc lolcst
lcvcl of rctcntion whilc thosc rith a positivc angle
of attachment had the highest. Dired tuig place-
mcnls ancl horizontal needles hacl intcrmcdiatc
ler 'els oi seed fetenti{rn. The percentage of reLained
seecls that gclminatcd for thc 1977, 1978. and
1979 inoculat ions u'as 29 |ercent. 13{3 pe|r:ent. ancl
25 pcrccnt. respectivelr. .

nfect on development

Bl Septerrber 1983. 260 infecLions hacl developecl
liom the l.95fi seeds placed (1,265 retained) over
thc 3-rear inoculaLion period (Table 2). Ovcr this
period. 1,17 clifierent branches hacl been used in
the experiments: 65. or 44 percent of these
branches uele clead by 1986 and onl1 2l I  viablc
infections rcmaincd. l'hc 122 branches used for
inoctr lat iorrs in 1977 and 197f1 were reexamined
in l9BB:61 (500/o)tere dead. \ ineteen ofthe 23
branchcs inocrr latcd in 1979 r 'crc dcad in ]990:
prior to death. infections had developed on 11 oi
thesc brarrc hes. B'- Lhis t ime. crrnt inued Llee gronLh
l r . r , J  r l ,  g . r t ,  J  mus t  i n ' .  r r L t . , l  I ' r r n ,  l - ,  -  r u  i ' , r ,  r i u r
portions of the loler crolvn. Thus. morlalitt $as
associaLed u' i th natural pnrning of lo\er-cro$n
branches through shading. not the developrnelt of
inlcct ions pcr sc.

Xlost ini icl ions readih produce.l  d$arl mist le-
toc shoots ('lablc 2); howr-'vcr. r'r-'g.ardlcss of month
tl1e\amination, these shoots r\,ere consistentlv im-
meture end freqrrentl ,v brokeD so that onlv hasel
cups remaincd. This constant sc citl of mature
shooLs pr 'eclrrcled accurale sex deterrr inatiorr of
dl arf mistletoe plants.

Branch sl 'cl l ing, thc init ial  srmptorn of infcc-
tion. ttrs generall.-v detectable frorn 32 35 rnonth-s
efler inoculal ion. The earl iest -"rrel l ings alr lrearecl
about 2,1 rnonLhs alLer inocLrlat ion. LrLrL sornc r l id
rot appe:rr 1or 72 months. l'or the sucrcesslul inoc-
ul{ l ions that proriucr:d shools" thc l imc aftcr sccd
placement to shoot production i i rr  1977. -t97{3.

. t _ l
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TABLEI-  R,r .nr i , t r , , )1 , I i { ! r l  minl , ' roc sceds in srr theast  [ iaska one rnr ter  af ter  inoculat ion in 197?. l9?iJ.  and 1979

Trpe o i  i io ru laLn,n  s i t l r

l i l ig

A ol s..ds
lo t r l  f . r .n r i , ' r  p laced

l 9 t 1  8 2 " 0

1978 l t7"o

l9?9 ro l l  pLaced on l i l igs)

8.loi

16o1)

l 3 o o

300/o

13r

72rr

92r',r
i9"/r

6IrX,

62\ttit

92\tt

65r)o

i )63

783

2 l o

'see Figure I for r:lariliratiorr of rrcall angl,"

TABLE2 'Dere1q l le l t r l | . r1*ur1 .nr is l | r . t r l ' j n l i . r t i r r r r

9o of retonred seeds r l ,  01  ged inar . , l  s ( r r l s

1977
t9 iB
I9 ;9
Toral

l ; 6

23
26o

l6 , t {

l0r I

I  l ' r o

|10/o

2; .n

1 ;01 ,

l2rlt

2 l  o o

1)2\o

651,

t-2r/t

Bifi,

; a \ h

' f t  u i . . , j  o r . f  o r , '  \ L i n l e l

and 1979 inoculat ion-( appro\imated. r 'espectivel\ .
40 months (range 32-72 months). .12 nrontl$ (r'an€ie

36-72). and.lB months (range 136-60 months). We
did not statisticallv anallzc lhcsc llpparcnt annual
dillerences becausc our incgular tilnes ol examina-
tion coulcl have accounted for the difference. AL
no t ime dul ing the 1l-12 rears thal thesc infcc-
tions lcrc cxrunined did any mature seed-s de,'ekrp.
Thus. the lile cvcle r,;as not completed and a
gcncration t ime could not be cakrulaLed.

Indir, iclual inoculal ion points r{ele 5 to l0 cm
apa \rhcn sccds were originall,r' placed on trl'igs
or needles. Because of seed rnovemcnl. nranv infcc-
tions developcd ildiilccnt to cach oiher'. Nineteen
in{ections had develolrecl c,haraclerislics of incipicnt
l'itches' broorns b_r 1986. Although it was dillicult
to verfi' condusir,elr'. rnost of thcsc broorncd infec-
t ions appearui to havc cleveloped througir the
m,  rg i ng  o l  l \ o  o f  n ro rc  ad jac - r ' t  i r r i . ,  t i , , r r . .

Discussion

The 65 percent retenLion of sccds ovcr lhc f ir 'st
rr inler aftcr placement is neal ly identical io the 66

percenl fcpol-tcd from a comparable studv in
Oregon that also spannccl a 3-l 'car period ol inoc-
ulat ion (Carponter et aL. 1919). The 92 perccnt
retert ion 1;r seecls placrd on trvigs in the 1979
inoculaLions is sinri lar to thc 96 percent observed
for trvig inoculat ions in southeln Brit ish Columbia
(Smith 1974). Our overal l  infect ion succcss of I3
pelcent (260 infcct ions developing irom 1,956
placecl seeds) *as, howcvcr'. markedir higher than
thc 5.3 pcrcent that occurred in Oregon. This dif-
lirence octurred elen though the germlnatlon suc
cess le obsr:r'r,'cd for retained seeds (25-ilB9/o) rras
considerabl,v lo\rer than the 45 perccnt observed
in both Oregon (Carpcntcr er al.  1979) and
southcm British Columbia (Snith 1974). Ct'rmina-
t ion success in al l  three oIthcsc studies conduded
in predominatel,v cool hLrt l'el foresls lr'erc markedly
Llrer Lharr Lhe 67lo gclmination rcported for secds
of .4. tsugense,.tored in dbo for lilO davs under
drv. cool. :rnd darL condit ions (Wickcr 197,1).

' f$eltv{ne 
percent of thc 1,265 seeds that

\\ 'ere felaincd ovcr one lr inter developed into in-
lect iol-s (Table 2). This ir .rqucncy compares to 8
prrccnl in Oregon (Carpenter eL aI. 1979) and
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l l l  percent and 22 percent in two studics in
southern Brit ish Colurnbia (Srnith 197f. 1974).
Infecl ion success, btrsed on rctaincrl  serds Lhlrt
gcrrninaLed. was a)5 felcent in our studl ( ' l 'ablt :

2), but onl_l '  17 pclccnt in Oregorr (Carpenter et
al.  1919J.

This striking dillirelce mav lesuit from use of
dissimilar criteria in judldng germinalion. although
th i .  . ' .  r r -  un r i l . l '  - i r ' , .  r . r d i c l e  emergence  i .  r r
general lv acccptcd dcfinit ion oi gernination 1or
du'arf rr isi leioe seeds (Gi[ 1935. l ]r :cknran and
Ru th  l qbSr  . r r l l  i -  r . l a l i r e l r  e r : \  l o  r - . ,  r l J i n .
Another possibi l i t f  is thdt somc exLrene envrron-
mentalt :orrdit ions developed at the Oregon inocula-
tion site aiier germinants had for-lncd. but behrr-e
thq rtcrc ablc Lo establish iniirrtions. This scenario
also seems unlikel--v. horr'cvcr. ls lhc in{x Lrlation-q
spannrd a 13-rear period and the probabilit_-v ol oe
currcncc ol 'such everrts in :J successrle \ears rs

$'e consider the rnost probablc cxplanation for
the dif fcrcncc to bc lhal ther-e nas. l ;r  unknolrn
reasons. a higher level oi gerrninant mortalitl in
Oregon than in southcast Alaska due primari l ,v to
fungal attack and insect plrdation, comrnon causes
of seed loss for drrari  mist letoes {Hawkslorth
1961" Wjckcr 1974, Calpenter et al. .  1,979). Ar
any rate. the process of infect ion dcvcloprrenl,
after sccds lr lc caplured on needles ol tr , igs. does
noL appeaf L{) acfl)ont lirr the marked cliffcrcnct:
in infcction icr.tls that llas been noted bet$'een
stands in southeast Alaska ancl thosc farlhcr souLh
(Shal '  J982. Shal and Hennon l99l).

T l r -  i n ' " r r l . r t i n r r  - t uJ i e -  s i r h  { .  r s l g "n . ,  i r
Oreplon (Carpcntcr et al.  1979it and in southern
Brit ish Colurnbia (,smilh 1971. I974) suggest a

f ieneration t ime necessarr to conrplcLe the l i fe cr-
clc {productir-rrr of seecls br Ierrrale plants.) of 4 to
5 _vears. 

'l'his 
gcncration timc is trpical for species

ol dwa mistletoe (Arceuthobitnn) lHanksworth
and S' iens 1972). The Lime necessArv 1;r the
Alaskan infections to deve'lop noticr:ablc srellings
tlnd proclucc planls was comparahle to that re'
corded in the above mentioned studics. Hor{cvcr.
for up to I  l  -  1 2 vcars after oLrr- intxrulat ions. lrr
seeds lrere produced. c\.cn though shoot produc-
ti{)r'r !'r as common,

The lack ofseed procluction nrar hare r-esulted
frorn thc l imited number ofd\\arf mist letoe inlec-
t ions in the stand as these expelimcntal inocula-
t ions $ere thc onl_l ' infcct ions present and thu-q

pollen ma,v have been scarce. Contladly. the ever
present damdgc to plants through breakage" insecL
feeding, or other unknolrn causcs could accourt
lol the lar:k ofseed ploduction. Envilonmental con
cl i t ions, such as reduced l ight in Lhe lower r:rowns
of trees in this dense stancl or its ncarncss to the
norlhcrn l imil  of this nist leLoe species (Drummond

l r r , l  H r r . k - r ' o l t h  l qTq r  m igh l  c l - o  he  impo r t cn t .
Even with the excessivc damdgc that occurred to
- l r u , ' l :  r nd  t he  1 ' o - - i h i l i t l  o f cd re r -e  en r i r onmen

tal condit ions, the pol lerr hypoLhesis clesen'es par-
ticular attention ds no informal;on is available on
pollerr clispersal in 4. hagense.

Pollen crf other species of Arr:euthobinm 1s
, l i ' 1 ' e r -ed  h r  r ' i nd  rnd  o r  i n -ec t .  f o r  J i - t J r , , . s  up
to 500 m, but most pol len is deposited $' i thin 10
m of the source plant (Harvksvorth and \\ iens
l972,Penielcl et a| 1976. Pla,ver I979, Gilbert
and Puntcr 1984" Coppola 1989). The effect ive
distance of pollen dispersal-that is, thc plopor-
t ion of { loters pol l inatecl in relat ion b distance
from the pollen source has not been determined
for anl species of,4rr:euthobiurn. Scvcral hurrdred
mctrrs separaLed our studv stand iiom anv natural
sourcc of ,4. f.r&ge,.re JXrlJen.

Neitlrel the Oregon nor (ianadian studies ap-
parentlv fol lo$cd infecLions for a long errough
period ol time to record data on infcction mortal-
ih. lnoculat ion stucl ics in Cali f trrnia, however, with
fir rlrvarf mistletoe (A. abietinurn Engelm. ex Munz)
on r,".hite fir lAlties concoktr (Cord. & Clendl.)
Lindl.) and red fir (,4. moppifca A.lllun.) r'esulted
in considcrable rnorLal i t_'-  of inlect ions 2i j-28 ,vears
al ier inoculat ion (Parmctcr and Schapf l9B9).
This infection rnorlalitv was also associated rith
branch death. but Parrnctcr .rnd Scharpf (1989)

attr ibutecl thcir demise lo attack b! C)tospola
canker (C,f{)?o/a abierru Sacc.) or girdling b,v
rodcnls fathef than lo\\ 'er cfo$n shading. ( lnair-

ing b,v rodents has bccn obscned on naluralh
established inlections of hemlock drvarf mistletoe
in southcasl Alaska (Shau' and Hennon 1991). but
nol C\tospora canker.

The lack of seed ploduction from lcll cstab-
l ished infcct ions and lhc death of numerous infec-
t ions through natural pruning ol lolrer crovn
branches could explain the l i rnited number of
dwali  mist lctoc infcct ions that clevelc4r naLural lv in
\oung stands in southeast Alaska (Shal l9B2.
Shal and Hcnnon 1991). Before accepLance of
this conclusion. hortever. the development of
i l fect ions frorn naturul l l  disscminatcd seed of
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,4. tu4Jense needs to be monitoled lbr several vears
to r,aJidaLe thcse expcrimcnlal rcsults. lunncrmore,
Lhe levcls of pollcn procluced. rnechanisms of
pol lcn disperstr l .  att l ibutes of fruit  developmenL.
and consistenc.r of seed production on natl l ral in-
lecl ions nccd to bc dctermined.
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