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Abstract
'l'he 

canopies of okl growlh Doughs-fir foresis support a di\.rsirl ofepiphytic lichen,i and bryophytcs. $t quuntified the lertical
dinnbulions of six doninant epiphlres throughout lhc cro$ns of l.rrge Tsuga hd{qh\lld (16 57 n hll) trni Pseudotsugu
"t(11. i( sii \60 78 m t.rll) tr ees in five lbrest stands ol |he centrd Oregon Cascades. Therc u crc no lna ior difl-erences in epiph,vtc
dislribulion bclween the l\'o tfee species. but epiphltcs on Z lretelophl1d generally peaked in abundance at heights l0 20 m
b.lo$ lhosc on P rrrx-'terii. Alectorioid lichens wcre mon abund:mt in the upper crorlns bul scarcc in lhe lowef crowns. Ihc
fruIicose gree. algal lichcr Spld.rr2r.Trus gbl.i]llu! $as evenl}' dislribuled throughout the crolvns. Thc clanolichen lrbdd.r
,/?8rrd and lhc mosr Artitriclia c rtipentluld \\ere mos!abundanl in niddle $awr,s. Loburid plmorali.r was most abundant in
Ihe lower middlc crosns. lt was scarce of absent in the uppcr crolrns. The mos\ /.rdrl..rD, nfr.r&r?i/(r_ $,ts also scarce or
abscnt in lhc upper cro\rns. It wr\ most abundant jn thc louer crowns. The vefical pattems dcscribed in this studv are not
rcprcs.nmd\e ol all ()1d-gro!v$ Douglas fir forests. In \reller lbre\ts. bryophytes are dominant ftroughout rhe canopt. ln dricr
lbresls. alectorioicl and other green algal lichcns erlend i-afiher do\ln in the canop\'. and bryophytes and clanolichens ar. tc
stricted t0 the lorer canop).

Epiphytes are a conspicuous and ecologically sig-
oilicant component ol'lorcsts in the Pacilic North
west, u'here thev have been studicd for over 25
yeals. A great deal is known about their floristics
(Pike et al. 1975), comnrunity dynamics (Sil leu
1995. Sillett and McCune 1998, Sillett et al. 2fi)0a),
populaLion dynamics (Rhoades I 983), treeJcvcl
biomass (Pike et al. 1977. Sil lett 1995). stand-
level biomass (McCune 1993, Neitl ich 1993).
distribution by functional groups (Lyons 1998,
Mccune 1993. McCune et al. 1997. Sil lctt and
Neitl ich 1996). roles in nutrient cvcling (Canol1
1979, Denison 1913, 1919. McCune and Daly
1994, Pike 1978). growth rates (Dcnison 19813,
Rhoades 1977. Sil lett 1994, Sil lett and Mccune
1998, Sil lett et al. 2000b). dispersal l initations
(Sil lett et al. 2000b), vulncrabil ity to edge effects
(Sil lett t99,+, 1995), and susceptibil i ty to forest
managcmcnt practices in old growth Douglas-fir
forests (Goward 1995. Peck and McCune 1997.
Sil lett and Goslin 1999, Sil lett and Goward 1998.
Sillett el al. 2000b). Hou,evel little quantitative
intormation on vertical distributions of cpiphytes
on different tree species in these forests is cur-
rently available. The puryosc of this study is to
dcscribe the vertical distributions oI dominant
epiphytes on 1wo tree specrcs,Tsuga heteroph!ll.t

(Raf.) Sarg. and Pseudotsuga men2iesii (Mtb.)
Franco. We estimated the abundance of six epi-
phytes throughout the crowns of ten tall trees.

Study Area

We sampled epiphytes in fir'e dd-growth forest
stands within the Willamette National Forest in
the Cascade Range of westcm Oregon: three in
the H. J. Andrcws Experimental Forest. one along
the South Santian Rivcr near House Rock For-
estCamp, and one along the South Fork McKenzie
Rivcr near CougiLr Reser,'oir (see Sillctt et a1. 2000b
for more specific inforrnation). The stands wcre
450 to 600 years of age. 470 to 790 m elevarion,
0 to 120' aspect. and 60 to 85 m tall. They wcrc
dominated by Pseldoh.,A,.r,lel,i:ie.rli with smaller
amounts of Tsuga heterophl,lla. Thujd pli(d.l
Donla., Tttxrs brevifo lia Nutt.. Acer nacrop u,\ llun
Pursh.. and Alnls ruDra Bong. Basal reas ranged
from 91 to 199 nr2ha.r lbr conifers and 0.2 to 6..1
mrha r for hardwoods. Avcrage annual precipita-
tion in the stands ranged frorn L5 to 2.,1 m (Or-
egen Climate Service). These stands have been
util ized in prcvious epiphyte studies (Sil lett ct al.
2000ab).
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TABLE L Dnnensions ofreD studl trees in thc Willa clrc ),ialional Forcst jn !lcslcm Orcson. l'he fi\e lbrest stands are li\ted
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nrain lrunk snappcd at 6l m

ain runk snappcd at 57 m

Methods

Tree Se ection and Access

ln each stand, u,e selected one large P. nen:iesii
an d thc l:rrgcs t heal th y T. h eteropl4 l ltt for detarLled
study. More specitic infbrmation about each tree
is summarized in Table 1. Tree crowns wctc ac-
cessed by shooting a monofilament over sturdy
branches rvith a compound borv, hauling a nylon
cordfbllowed by aclimbing ropc ovcr thcbnnches,
tying one end of the rope at grcund level. and
ascending the othcr cnd using vertical rope tech
nique. We used 20 m long a$orist's rope lanyards
to access progressively higher branchcs and move
laterally through trcc crowns. Tree heights were
mcasurcd by lowering a graduated fiberglass tape
from the topmost lbliage to the lbrest lloor. Num-
bcrccl aluminum tags were then attached to the
main truks at l0 m intervals. These tags wcrc
used as benchmarks for epiphyte sampling.

Ep phyte Samp ng

W'e visually cstimated epiphyte abundances within
each l0 n stmtum. Epiphyte abundance was re-
corded on a0-6 scalc:0) abscnt. 1)1 3 individual
tha l l i .2 )  up  to  5% cover ,3 )  5  10%cover ,4 )  10-
25% covcr 5.1 25 50% cover and 6) greater thar
508 cover. We considered only six prominent
branch-dwelling epiphytes that were easily rec-
ognized f 'rom thc climbing path on each tree: l)
alectorioid l ichens (i.e.. mostly Alectori. l
strnre tos.t u' ith smaller anrounts ol- A.
yantrtuteretsi s. Bnrrria spp.. and Usrtec spp.).
2) the green algal iiuticosc llchen Sphaeropho-
/'//.. tr,D,,\r\. ?) lh< cl attoliche n [tbt r i t o t e * u ut.
4.) the c.yanolichen Loburia pulnronaria.5) the
moss Antitrk:hia curtipendula, and 6) the moss

Isotheciton nrvstottides. Finally. rve visually es
timated the ayerage crown radius within each 10
m stratum k) the nearest 0.5 m.

Results and Discussion

All of the epiphytes sanrpled in this study have
r im i l . r l  J i . t r ihu t ion  pr lenr .  on  borh  r rce  .pec ie . .
The few discrepancies are attributable to differ
ences in tree stl lture alone. Epiphytes on I
heterophylla, whose average height is 52 m, peak
in abundance at heights l0-20 m below those on
P ,,nen.riesll. whose average height is 68 m. Epi
phytes are absent above 60 m on T. heteroph,t'lla
sinlply bccause the tallest tree is only 57 m.

Veftical distributions of thc six cpiphytcs dif-
ler greatly (Figure l). Abundance of alectorioid
lichens steadily increases trom the lo$er to up-
pcr lree crowns. They cover over 25*, of sub
strates above 50 m on P. tnertziesii and above,10
n on T. heterophtlld. Old grorvth Douglas fir
lbrests can support over 500 kg har of these li-
chens (Neitl ich 1993, Sil lett and Goslin 1999).
Sphaerophorus gk$osas is more evenly distrib-
uted than any otier epiphyte in this study. cover
ing 5-107a of substrates throughout crowns of
both tree species. This lichen is prevalent on trunks
lnd  hranehcr  in  the  inner  c rou  n .  bu t  i l  r r  searee
on branchlets and twigs in the outer crown (Lyons
fqq8.  S i f le r r  anL l  Co\ l in  lgaq) .  Lob.u  i . t  t ' t (gqna
is rnost abundant bctwccn 40 and 60 m on P
menziesii and between 30 and 50 m on Z
hetercph)'Llq. r,here it covers over 257e of sub-
strates. This is the dominant epiphyte in humid
old-gro*th Douglas-fir forcsts with a biomass of
900 2600 kg har. which is 60 80c/o of the total
Iichen biomass (McCune 1994. Neitlich 1993. Pike
1978). A closely related spccics. L. pulnonaria
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FigLrrc L Ve i f . l ld i \ t l ibut ionofs ixcpiph) lcs inhumidokl ,gr  \ , th Douglas i i r  ibrc\ ls  ( )1 the centmlOregon
Cr\crdcs. For each epiphllc. thc distribulion on Tsuqa hetenphlh rs sho\Ln on the leit, and rhe
distr ibution on P.\r,tl.rtllrt, /r.,r.-ierll is \hor|n on the right. Abundance i\ on a 6-poinr. logarillrmic
scale (s.'c Njclhod\). \'.rlues arc me.rns and standard cnor\ in = 5 lrce\ per ifee speciet. \ote lhal Z
l.&,tdrrJld urcs \\ere considerahl! \horter llri. P ,rdr.i?yi trees (see Tatrle I and Figurc 2).
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cro\ryn radius (m)

Figurc I Cro$r proiiler of Tsuga hdttopl]\llu a l's.utlt)
t!&g.r rk r.i.,.iii lrces surveyed in this stud!. Innef
and oulcr boundaries represent one standard error
bclo\ ! . rnd rbo\  e the me n rrd i i  of  the l r !e cro$'ns
1n = 5Irces pert ree \pecies) .

accounts for 3 l9q, of the total l ichcn bionrass
in such lbrcsls (McCune 199.1. Neitlich 1993. Sillett
1995). It is most abundant between 30 and ,10 m
on P nten:iesii and between l0 and 30 m on I
heterophylla. whcrc it covers over l07c of sub
strates. Unlike L. oregtma. which can tderate
cxposed sites in the upper caoopy (Sil lett 1995).
L. pulmowcia is t ir lually abscnt above 60 m on
P nenziesii and rbove 50 m on T. heteropl4 u.
The moss Arlilri.rlirr crrrlTr,rdrila is most abun-
dant between 30 and 60 m on P rreir:idsli and
betwccn 20 and 50 nr on I lrctercphr.lla. wherc
i tcorer .  o rer  l5  i  r ' f .uh : . t r r t . .  l t  l . ' rn r '  e r ten-
sive nrats up to 10 cm thick on large branchcs.
and individual trces can suppoft up to 7 kg dry
$cight of this species (Sil lett 1995.). The noss
Isotltet:itnt mrostuttidr:s is most abundant belou,
30 m. where it covers 25 50Q, of substrates on P
nten:.iesii and over 507c of substrates ot I
heteroplullu.Unlike A. ootrpendirlrr. it is sparselv
distributed in the upper canopy and absent abovc
60 m on P nen.-iesii and above 50 m on 7l
heterophtl[u. We did not record any epiphytes
below l0 m because the study trces hilve no
branchcs belo$'this height (Figure 2). However,
I. nrosuroides isprcvalcnt on the lo$'er branches
of smaller I heteropl\ lla lrees als wcll ;ts on un-
derstorl r 'egetation (Lyons 199E. Pike er al. 1975).

The \,ertical distribution ol an epiphyte spe
cics gcncrally retlects its sensitivit l to dcsicca-
tion ald abil itv to altain positive net photosyn
thesis trl low wlter contents (Hosokawa et al. 196.1,
Tobiessen eI al. 19'77).ln 1a11 Douglas-tlr tr€es.
somc spccies (e.g., aJectorioid l ichens and othcr
green algal l ichcns) pret'er exposed sites in thc
upper. outer crowns. whilc others (e.g.. se\,eral
cyanolichens and man)' br)'ophytes) prclcr shel-
tered sites in the lowcr'. inner crou'ns (Sillett l995).
Such preterences are probably the rcsull of an
interpla.v betrveen desiccalitltl tolerances and cotn
pctit ivc rbil i t ies. For example. a desiccatron-scn-
sit ive moss may not be able to surr,ive in the xc-
ric envilonmenl of thc uppcr canopy. while a
desiccation-tolerant l ichen may not bc able to
cornpe le  $  i th  rp i ru . . i ! c  n l . I - l i ' r rn ing  mo.ses  in
the mesic envir onment of tl're lower canop). Based
or the vertical distributions docunrented in this
stud],. the epiph)tes may be tentali\cly ranked
from highcst 10 lowest desiccation tolerance or
ti-om iou,est to highest conrpetit ive abil ity as fol
lorvs: 1) alectorioid l ichens, 2) Sphueroltltorus
globosus.3) Lobarid oregatru, 4) Antitrithia
L'trrt ipettdulcr. 51 Lolutria puhnonaria, and 6)
Isothe(iu l nnrtsuroide.s. Ecophysiological and
lransplant experiments ale needed to tcst this
h)'pothesis.

The pattcnrs documented in this study should
Dot be considered reprcscntative of all old-growth
Douglas-fir lbrests, because there is high land-
scape level variabil it l , in epiphyte distribution
dcpcnding on moisture regime (McCunc 1993).
Ar intemediate moislurc rcgime lavors a canopv
cpiphyte community with high cyanolichen di-
versily, rvhcrels forests on the wetteror dricr cncls
of the moisture gladicnt are nrore dorninated by
bryophytes or green algal l ichcns. respectivelv.
In wet foresls, brvophytes can dominate thc cn-
tirc vefticrl profi le. Forexample, bryoph)tes ale
super abundant in thc rain tbrests of Olynpic and
Mount Rainier National Parks. Washington (pers.
obs.). whcrc nrosses normally found on thc for-
est f loor also flourish as epiph)tes (Sil lett and
Nei t l iL  h  l006 ' .  The.e  | r in  i  ' r . . r t  r . rn , , f ie \  |e \o
nossy thal cpiphytic l ichens. including clano-
lichens. are much less abundant than in the cen
tral Oregon Cascadcs (Sil lett and Gorvard 19981.
In clry fbrests, vertical ranges ol alcclorioid and
other grccn algal l ichens extend lafiher down in
the canop)' (Sil lett 1995), while bryophvtes and
cyanolichens become reslictcd to thc lowercanopy
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(Gou ard l995). Such dricr tbrests suppon a smaller
biomass of bryophytes and cyanolichcns. but
alectorioid and gleen algal l ichens are abundant
(Ho\\'e 1978. Sil lett unpubl.). Even the old-growth
Douglas-1ir folest at the Wind RiverCanopy Crane
sitc in the southern Washington Cascadcs. which
expedenccs slightlv drier sununer conditions than
the lbrests in this study. suppons relatively few
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