












S. C. SKLETT: BRANCH EPIPHYTES 

FIGURE 1. Association analyses for epiphyte species in a 700-year-old Douglas fir forest in western Oregon. Each 
square represents the result of a 2 by 2 contingency table for one species pair. Only species showing statistically 
significant @ < 0.01) positive or negative associations are included. Species are listed alphabetically by group (1 = 
cyanolichens, 2 = alectorioid lichens, 3 = "other" lichens, 4a = mosses, 4b = liverworts). Codes along the diagonal 
represent taxa by the first two letters of their genus and species names. Lobaria oregana and Antitrichia curtipendula. 
two species that occurred in nearly every sample, were analyzed as three categories: total presence, presence excluding 
the lower quartile of the species' distributions, and presence including only the upper quartile of the species' distributions. 
Cover values for the quartile cut-offs are indicated. Bryoria spp. include B. capillaris, B. friabils, B. furcescens, B. 
oregana, and B. pikeii. Cladonia spp. include C. coniocraea and C. squamosa. Hypnum spp. include H. circinale and 
H. subimponens. 

bryophytes, lower cyanolichen cover, and virtually 
no alectorioid or "other" lichens (Fig. 2). 

Samples from the three portions of the epiphyte 
compositional gradient were plotted by height above 
ground and distance from the trunk in each tree 
(Fig. 2). There was considerable overlap within each 
tree crown, but the exposed and intermediate por- 
tions extended farther down in the crowns of the 
edge trees. The vertical component of the epiphyte 
compositional gradient within the interior trees was 
more pronounced than in the edge trees (correla- 
tions of ordination scores with height: r2 = 0.57 for 
interior trees, rZ = 0.42 for edge trees). The profile 
diagram presented in Figure 2 also revealed differ- 
ences in crown shape between the trees. The two 
edge trees had narrower crowns than the two interior 
trees, especially below 40 m in height. 

Recall that ordination analysis was performed on 

data that had been transformed with the Beals 
smoothing function. A consequence of this smooth- 
ing is that correlations of individual species with 
the ordination axis (Table 2) were not entirely re- 
flective of their actual distributions within the can- 
opy. Superimposing unsmoothed species distribu- 
tions on plots of sample locations clearly illustrated 
the portion of inner crowns occupied by individual 
species as well as the individuality of epiphyte as- 
semblages on each tree. These profiles are presented 
for representatives of each epiphyte functional group 
in Figure 3. Lobaria oregana occurred in nearly ev- 
ery sample but was more abundant in the lower 
crowns of the edge trees than in the lower crowns 
of the interior trees (Fig. 3A). Nephroma occultum 
was widely scattered within the inner crowns but 
occurred in almost half the samples on tree 4 (Fig. 
3B). Cladonia spp., Douinia ovata, Peltigera britan- 
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From 2. Profile diagrams for branch samples in the inner crowns of four Douglas fir trees in a 700-year-old forest 
in western Oregon. For comparative purposes, groups of two tree crowns are shown as if they represented a single 
crown. The solid lines represent approximate boundaries of the live crowns based on estimates of crown 'radii at 
different heights within each tree. Locations of sample sites within the inner crowns are indicated according to each 
sample's height above ground and distance from trunk. Trees 1 and 3 have twice the number of samples as trees 2 
and 4. Exposed, intermediate, and sheltered represent upper, middle, and lower thirds of a ranked list of sample scores 
from the first ordination axis, respectively (see text). Relative proportions of epiphyte functional groups are indicated 
for each portion of the gradient based on whole tree estimates of cover for each group. 

nica, and Sphaerophorus globosus occurred 
throughout in the inner crowns of all four trees (Fig. 
3E, 3K, 3C, and 3F). Pseudocyphellaria rainierensis 
occurred only below 50 m in all four trees and was 
especially abundant on tree 3 (Fig. 3D). Alectorioid 
and "other" lichens (excluding Cladonia spp. and 
S. globosus) were restricted to the upper crowns of 
the interior trees but were distributed throughout 
the inner crowns of the edge trees (Figs. 3G and 
3H). Antitrichia curtipendula and Dicranum fusces- 
cens were widespread in all four trees but were more 
abundant on the interior trees (Fig. 31 and 35). Fi- 
nally, Zsothecium myosuroides was nearly restricted 
to the lower half of all four tree crowns (Fig. 3L). 

Epiphytic comparisons with younger old-growth 
Douglas fir forests. -Most (75%) of the species re- 
ported in the inner crowns of 700-year-old Douglas 
fir trees were also reported on branches in a 450- 
year-old Douglas fir forest in western Oregon (Pike 
et al. 1975), but there were some notable exceptions. 
Douinia ovata, Nephroma occultum, and Nephroma 

silvae-veteris were not reported by Pike et al., yet 
they consistently occurred as inner crown epiphytes 
in this study. The two species of Nephroma were 
first described after the publication of Pike's study 
(Goward & Goffinet 1993; Wetmore 1980). Both 
have since been found in the forest canopy very 
near Pike's study site (Sillett & Neitlich 1995). In 
terms of cover, Douinia ovata was the third most 
abundant epiphyte in this study, occurring in over 
half of the samples. It was misidentified as Diplo- 
phyllum taxifolium in Pike's study. Massalongia 
carnosa is a terrestrial cyanolichen reported here for 
the first time as an epiphyte in a Douglas fir forest. 

Pseudocyphellaria rainierensis was the third most 
abundant cyanolichen on branches in this study, yet 
Pike et al. (1 975) found this species to be restricted 
to the understory (i.e., below 20 m). I have surveyed 
epiphytes in twenty-three 400- to 550-year-old 
Douglas fir trees from similar sites in the western 
Cascades and found this cyanolichen only four times, 
each time as a single thallus per tree (Sillett, un- 
publ.). I have found this species epiphytic on Doug- 
las fir in forests as young as 150 years, but it was 
only prevalent as a canopy epiphyte in this 700- 
year-old forest and a 600- to 700-year-old rainforest 
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in western Washington. Therefore, this cyanolichen 
appears to be one of the last to reach the upper 
canopy during forest canopy development (cf 
McCune 1993a; Sillett & Neitlich 1995). 

Another major difference between epiphyte as- 
semblages in these two forest canopies was the dif- 
ference in abundance of Antitrichia curtipendula. 
This moss was the most abundant epiphyte on 
branches in this study, but Pike et al. (1975) found 
it only occasionally. The 250 year age difference 
could account for this discrepancy ifA. curtipendula 
biomass in Douglas fir forests continues to increase 
beyond the fifth century of succession. Alternative- 
ly, moisture regimes in the two forests may differ 
enough to affect development ofA. curtipendula bio- 
mass. Pike's study site was approximately 100 m 
lower in elevation than the forest on the Middle 
Santiam River. Old-growth Douglas fir forests oc- 
cumng in wetter sites at higher elevations very near 
Pike's study site do indeed have substantial cover 
of A. curtipendula in the canopy (pers. obs.). 

Comparing results from this study with those of 
Pike et al. (1975, 1977) is complicated by the fact 
that these authors surveyed epiphytes on whole trees, 
while sampling in this study was restricted to the 
inner crown. Therefore, aside from the striking dif- 
ferences noted above, canopy epiphyte floras are not 
directly comparable between the two forests. Com- 
parisons of epiphyte biomass between the two for- 
ests are also complicated by differences in meth- 
odology. Pike et al. (1977) estimated epiphyte bio- 
mass on different substrate types, including axes, 
within a single tree crown. In this tree, the estimated 
biomass of Lobaria oregana on axes was just over 
3 kg, a figure comparable to the estimates for this 
species in the inner crowns of the four 700-year-old 
trees (Table 3). Bryophyte biomass on axes in the 
450-year-old tree was estimated at only 2 kg, where- 
as 7 kg of a single moss species, Antritrichia curti- 
pendula, was estimated to occur in the inner crowns 
of the interior trees in this study (Table 3). In Pike's 
study, however, axes included all horizontal stems 
greater than 4 cm in diameter, while I sampled only 
axes with diameters greater than 7 cm. Biomass 
estimates for species in the inner crowns of the 700- 
year-old trees would have been higher had smaller 
diameter axes been included. 

The vertical distribution of epiphytes in a 400- 
year-old Douglas fir forest near Pike's study site 
(McCune 1993a) was somewhat different than the 
vertical distribution observed in this study. In both 
old-growth forests, alectorioid and "other" lichens 
were most abundant in the upper canopy. Bryo- 
phytes and cyanolichens, however, occurred 
throughout the inner crowns of the 700-year-old 
trees, whereas they were restricted to the lower and 
middle portions of tree crowns in the 400-year-old 

forest. McCune (1993a) hypothesized that epiphyte 
functional groups migrate upwards in the forest can- 
opy over time. Results from this 700-year-old forest 
suggest that this upward migration may continue 
beyond the fifth century of forest succession. Epi- 
phyte studies in other very old Douglas fir forests 
are needed in order to evaluate this hypothesis. Un- 
fortunately, very little Douglas fir forests of this age 
remain in western Oregon. The few stands that I 
have found occur at substantially higher elevations 
and are therefore not directly comparable in terms 
of canopy epiphytes (Sillett & Neitlich 1995). 

Interpreting the epiphyte compositional gradi- 
ent. -The dominant gradient in epiphyte compo- 
sition revealed by ordination analysis may corre- 
spond to a microclimatic gradient ranging from ex- 
posed microsites preferred by alectorioid and "oth- 
er" lichens to the more sheltered microsites preferred 
by bryophytes and many of the cyanolichens. A 
mechanistic separation of the various environmen- 
tal factors influencing epiphytes in a forest canopy 
is not possible without detailed measurements. 
However, factors such as light and humidity covary 
within tree crowns (Geiger 1965), and the vertical 
gradient within a forest canopy represents a complex 
suite of confounded microclimatic factors affecting 
moisture availability (McCune 1993~).  Within a tall 
forest, exposure to desiccating wind and sunlight 
tends to increase from the lower canopy to the upper 
canopy (Geiger 1965), but these factors are likely 
to vary within individual tree crowns depending on 
their local neighborhood. The forest canopy sur- 
rounding the four Douglas fir trees was not uniform. 
For example, some portions of the tree crowns faced 
gaps in the canopy, while others were sheltered by 
crowns of adjacent trees. Thus, some branch sur- 
faces were more exposed than others regardless of 
their height in the canopy. Within branches, water- 
storing moss mats may greatly modify the moisture 
regimes of epiphytes in their immediate vicinity by 
virtue of high water storage capacities (Veneklaas 
et al. 1990), effectively lowering vapor pressure def- 
icits in these microhabitats (Lawrey 1991). Three 
epiphyte species (i.e., Dicranum fuscescens, Douinia 
ovata, and Peltigera britannica) were strongly neg- 
atively correlated (r2 > 0.9) with the compositional 
gradient, yet they were widespread in the inner 
crowns of the four trees. Each of these species was 
associated with thick moss mats on branches. 
Therefore, a branch surface located high in the can- 
opy and covered with a thick moss mat may be 
"lower" on the gradient than a branch surface lo- 
cated farther down in the tree on a side of the crown 
facing a gap. 

Edge efects in a 700-year-old forest canopy.- 
Comparison of litterfall between the forest interior 
and clearcut edge demonstrated that these areas of 
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FIGURE3. Profile diagrams of epiphyte distributions in the inner crowns of four Douglas fir trees in a 700-year- 
old forest in western Oregon. For comparative purposes, groups of two tree crowns are shown as if they represented 
a single crown. The solid lines represent approximate boundaries of the live crowns based on estimates of crown radii 
at different heights within each tree. Locations of sample sites within the inner crowns are indicated according to each 
sample's height above ground and distance from trunk. Trees 1 and 3 have twice the number of samples as trees 2 
and 4. Actual distributions of 12 epiphytes representing each functional group are presented (cyanolichens = A, B, C, 
and D, "other" lichens = E, F, and G, alectorioid lichens = H, bryophytes = I, J, K, and L). Cladonia spp. (E)  include 
C.coniocraeaand C. squamosa. "Other" lichens (G) include Cetrariaspp., Hypogymniaspp.,Letharia vulpina. Parmelia 
spp., Parmeliopsis hyperopta, and Platismatia spp. Alectorioid lichens (H)include Alectoria sarmentosa, Bryoria spp., 
and Usnea spp. Plus signs (+) indicate sample sites where the epiphyte did not occur. Unfilled circles indicate sample 
sites where the epiphyte was present. Solid circles indicate sample sites where the epiphyte was present with a cover 
greater than the upper quartile cut-off (equivalent cover value indicated) for that epiphyte. 

the forest were very similar in terms of canopy mac- such large gaps may experience higher light levels 
rolichen biomass and species richness. The high sta- and vapor pressure deficits than microsites at sim- 
tistical power of these comparisons indicated that ilar heights within the crowns of the interior forest 
litterfall sampling could have detected differences if trees. While exposed sites may become wetted more 
they existed. Canopy sampling, however, indicated rapidly than sheltered sites, desiccation rates are 
some differences in the vertical distributions of ep- likely to be higher following a precipitation event 
iphytes between the two groups of trees. Edge trees (Geiger 1965). Narrower crowns of the edge trees 
were exposed to the clearcut on the south sides of could also have contributed to observed differences 
their crowns. Epiphytic habitats on branches facing in vertical distributions of epiphytes, but the extent 



19951 S. C. SILLETT BRANCH EPIPHYTES 31 1 

70 

I 60 

SO 


w 
0 

9 40 
I 
9 

30 

20 
I 0 8 6 4 2 0 2 4 6 8 1 0  I 0 8 6 4 2 0 2 4 6 8 1 0  

DISTANCEFROM TRUNK (m) 

FIGURE3. Continued. 

to which individual tree crowns buffer microcli- 
mates of epiphytic habitats remains unclear. Casual 
observations suggested that branches within edge 
trees facing away from the clearcut had higher bryo- 
phyte cover than those facing toward the clearcut. 

Epiphyte assemblages in this 700-year-old forest 
inhabit branches that must be centuries old them- 
selves. None of the large Douglas fir trees in this 
stand appeared to be growing appreciably in height; 
their tops were either flattened or snapped. Even 
branches near the top of their inner crowns are likely 
to be very old. A consequence of the great age of 
branch surfaces is that epiphyte succession is well 
advanced in the inner crown. Clearcutting of the 
adjacent stand subjected epiphyte assemblages on 
edge trees to sudden microclimatic change (Chen et 
al. 1993) late in their development. After twenty 
years of exposure on the clearcut edge, these assem- 

DISTANCEFROM TRUNK (m) 

blages were not dramatically different from those of 
the forest interior. Moss mats and associated species 
were still widely distributed within the edge tree 
crowns, and some cyanolichen species (e.g., Pseu- 
docyphellaria rainierensis) had become acclimated 
to the altered microclimates of the edge tree crowns 
(Sillett 1994). Differences in vertical distribution 
patterns of epiphytes on the edge may reflect down- 
ward expansion of species limited by microclimatic 
factors (e.g., light availability) in the lower canopy 
of the forest interior. Clearly, more sampling in a 
larger number of trees and stands is required to 
rigorously evaluate this hypothesis. 

The inner canopy of this 700-year-old Douglas 
fir forest harbored an impressive assortment of ep- 
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iphytes, including a number of  endemic species 
thought to  be closely associated with old-growth 
Douglas fir forests (USDA 1994). The  vulnerability 
of  such epiphytes to  forest management activities 
depends o n  their abilities to  withstand microcli- 
matic changes accompanying these disturbances. 
Well-developed epiphyte assemblages i n  very old 
forests may be  somewhat resistant to  moderate lev- 
els of disturbance. After two decades of  exposure 
on  a clearcut edge, n o  epiphyte species i n  this forest 
appeared to be lost o r  seriously declining. An im- 
portant component of these assemblages may be  
thick moss mats  that  can regulate moisture regimes 
of  epiphytic microsites, thus benefitting desiccation 
sensitive species. Quantifying the extent of  micro- 
climatic and  epiphytic changes i n  forest canopies 
subjected t o  a range of  disturbances is a promising 
area for future research. 
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