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Abstract

Canopy epiphyte research in the Pacific Northwesl has entered its third decade. and three basic patterns of epiphyte distribution
are now knewn. First. epiphyte biomass and diversity slowly increase during forest succession. This trend is most ebvious with
cyanolichens, which dominate epiphyle communities in old-growth forests but are scarce in younger forests. Second, epiphyte
functional groups seem to migrate upwards in the lorest canopy during suceession. In the oldest and wettest forests, bryophytes
come to dominate epiphyte communities, and several species of terrestrial plants actually grow on branches in the upper canepy.
Third, cyanelichens are most abundant in old-growth forests on lower slopes, They are scarce in similar forests located farther
upslope away from streams. Causes of these three patterns are not clearly understood, but they have impertant consequences for

cpiphyle recovery in managed forests.
Introduction

Epiphiytic lichens and bryophytes are a conspicuous
and ecologically significant component of westside
forests in the Pacific Northwest, where their bio-
mass cun exceed three tons per hectare (McCune
1993, Neitlich 1993). These epiphytes can be di-
vided into four functional groups based on their
ecological roles: cyanolichens, ‘alectorioid’ or
forage lichens, ‘other’ lichens, and bryophytes
(McCune 1993). Cyanolichens, or nitrogen-fix-
ing lichens, are the dominant epiphytes in old-
growth forests where they constitute over half of
the total epiphyte biomass (Pike et al. 1977,
Rhoades 1981, McCune 1993, Neitlich 1993). They
fix large quantities of atmospheric nitrogen (Pike
1978), making it available for plant uptake. Ni-
trogen-rich leachates from these lichens also serve
as a base for complex food webs in the forest
canopy (Carroll 1979). Epiphytes have other im-
portant functions in forest ecosystems, such as
providing critical winter tforage for mammals,
serving as food and habitat for invertebrates, and
providing nesting material for birds (Slack 1988,
Rhoades 1994),

A considerable amount of canopy epiphyte re-
search has occurred in westside forests during the
last two decades. Early studies documented the flo-
ristic composition of the old-growth forest canopy
{Denison 1973, Pike et al. 1973) and quantified
epiphyte biomass in selected tree crowns (Pike et
al. 1977, Rhoades [981). Recently, McCune (1993}
proposed the similar gradient hypothesis which
provides a framework for understanding the distri-

bution of epiphytes in westside forests. According
to this hypothesis, “epiphyte species ure ordered
similarly on three distinct spatial and temporal gra-
dients. These gradients are 1) vertical differences
in species composition in a given stand, 2) species
compositional ditferences among stands differing
in moisture regime but of the same age, and 3)
changes in species composition through fime 1 a
given stand” {(McCune 1993). Although, empirical
support for McCune’s hypothesis is currently in-
sufficient to fully test it, the evidence is growing,
especially for cyanolichens.

Our purpose in this article is to highlight three
major patterns which have emerged from recent
studies of epiphytes in westside forests: the slow
development of epiphyte communities during
forest succession, the apparent upward migration
of epiphyte tunctional groups over time, and the
riparian influence on epiphyte distribution.
McCune’s similar gradient hypothesis provides
a framework for the discussion. This paper fo-
cuses on several key studies of epiphytes in for-
ests of the Coast and western Cascade Ruanges,
drawing on both personal observations and pre-
liminary results from ongeing studies. We con-
clude with a brief discussion of research approaches
and some suggestions for future research that will
have implications for forest management.

Slow Development of Epiphyte
Communities

Studies in Europe (Rose 1992), Montana (Lesica
etal. 1991}, and Oregon (Neitlich 1993) have dem-
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onstrated that old-growth forests support far more
diverse and abundant epiphyte communities than
do younger forests. In westside Douglas-fir for-
ests of the Pacific Northwest, the most striking
difference between epiphyte communities of old-
growth forests and younger forests is in
cyanolichens, which dominate the old-growth
canopy (Pike et al. 1975) but are scarce or absent
in younger forests (Figure 1). Several epiphytic
cyanolichen species are seldom found in forests
less than a century old (Table 1. Holthausen et al.
1994). The reasons for this slow development of
cpiphyte communities during forest succession
are not entirely clear. Possible explanations in-
clude dispersal limitations, unsuitable substrates,
and/or unsuitable canopy microclimates in younger
forests.

Dispersal limitations appear to be important
in certain cases. The effects of dispersal limita-
tions can be most readily observed when barriers
to dispersal are removed. For example, late suc-
cessional epiphytes can become abundant in a
young forest growing within 10 m of an old-growth
forest edge even though they are scarce in the
interior of the young forest. Many of these spe-
cies might be capable of long-distance dipersal

via spores, tiny asexual propagules, or both, and
their complete absence from younger forests is
not to be expected unless suitable substrates or
microclimates are lacking in younger forests. Long-
term studies involving inoculations of bark sur-
faces with epiphyte propagules are needed to de-
termine if dispersal is a major factor limiting
epiphyte colonization of tree crowns,

Support for substrate limitation as a factor
contributing to epiphytic differences bewteen old
and young tforests comes from a recent study in
Glacier Bay, Alaska (Neitlich & Campbell, un-
published). Cyanolichen species richness was
considerably higher on Alnus siniata than Picea
sitchensis in young stands, whereas 200-year-old
Picea trees harbored arichness similar to that found
in Alnus trees one hundred vears younger (Fig-
ure 2). In some conifer forests of western Oregon,
a similar phenomenon seems to occur on Acer,
Fraxinus, and Quercus instead of Alnus. Perhaps
the smooth bark of young conifers is less likely
to retain epiphyte propagules than the rougher bark
of older trees or hardwoods (Armstrong 1990},
Alternatively, bark chemistry, crown architecture,
and/or light environment may account for differ-
ences in epiphyte communities between conifers
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Figure 1. The relationship between epiphytic ¢yanolichen biomass and stand age for 19 forest stands in the central western
Oregon Cascades. All stands were below 900 m elevation, less than 100 m above a major siream, and dominated by
Douglas-fir. The x-axis is on a log scale. Data from Howe (1978). Neitlich (1993), and Peck & McCune. in prep.
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TABLE 1. Rarc epiphylic cyanolichen species associated with late-successional and old- growth coniferous forests in the Pacific

Northwest. A dagger () signifies species endemic to the Pacific Norlhwest of North America.

Species Occurrence Noes

Dendriscocauion intricatiliim 3,16, 17 extremcly rure

Lobaria linita 1,3,4,7, 11,16, mosily on rock at high elevations in CA, OR,

17.18. 19 and WA also epiphytic at low elevations

in AK. rarely south to OR and WA

Nephroma vccultunm’ 3,.4,16,17 middle to upper canopy in OR and WA
oceurs lower in canopy in BC and AK

Nephroma silvae-veteris 3,4, 16 middle canopy

Pannaria rubiginosa 2,3.4.11.16 lower to middle elevation forests

Pseudocvpheliaria sp. 4,14 primarily coastal; known from 4

(close o P arirara) collections, all in OR

Pseudocyphellaria rainievensis’ 1.3.4.7.16. 17 lower canopy and understory

Sticta weigelit 1,3,4,7. 16 lower to middle canopy and understory

Sticta wrightii 16, 17 extremely rarc

Occurrence Codes:

L. Clympic Peninsula 11. California Coast Range
2. Western Washington Lowlands 12, Calilornia Cascades
3. Western Washinglon Cascades 13. California Coast
4. Western Oregon Cascades 14. Oregen Coast
5. Eastern Washington 15, Washington Coast
6. Eastern Oregon Cascades 16. British Columbia
7. Cregon Coast Range 17, Scutheast Alaska
8. Willamette Valley 18. Idaho
9. Oregon Klamath 19. Monlana
10. Calilornia Klamath
10
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Figure 2. The effect of forest age on cyanolichen species richness on two (ree species in spruce
forests of Glacier Bay. Alaska. Total number of cyanolichen species are presented for
each tree species in each site where they were [ound in the chronosequence. Tree species
ineach site were surveyed until four trees were climbed with no additional lichen species
encountered. Data [rom Neitlieh & Campbell, unpublished.
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and hardwoods (Hyviirinen et al. 1992). Controlled
studies of epiphyte establishment on a wide range
of bark substrates available in westside forests
are greatly needed. The potential of hardwood
retention as a means of boosting epiphyte spe-
cies diversity in managed forests is a promising
area for future research.

A third impediment to epiphyte community
development in young forests may be unsuitable
canopy microclimates. Young, even-aged forest
canopies are very shaded and sheltered from di-
rect precipitation in contrast to the more open and
structurally complex old-growth forest canopy (see
Ch. 6. Geiger 1965). Thus, low moisture and Hght
availability in young. managed forests may limit
the growth of some canopy epiphytes (Rose 1992),
The idea that the suitability of epiphytic habitats
in a forest canopy improves during succession is
compelling, but so far no studies have demon-
strated such an effect. Documentation of the mi-
crometeorological basis for this effect (i.e., light
and humidily regimes) requires an enormous and
costly effort. Experiments involving transplant-
ing epiphytes in tree crowns (e.g., Sillett 1994
1995a) are a reasonable altemative in which growth
rates provide a relative measure of epiphyte habitat
suitablity in forests of different ages.

Upward Migration of Epiphyte
Functional Groups

McCune (1993) described an apparent upward
migration of epiphyte functional groups in forest
canopies over time: ‘other” and ‘alectorioid’ 1i-
chens are the first epiphytes to colonize young
forests, but they are steadily displaced upwards
in tree crowns by cyanolichens and bryophytes,
which come to dominate the lower forest canopy.
The oldest forest included in McCune’s study was
Just over 400 years. Does this upward migration
continue? A recent study of a 700-year-old Dou-
glas-fir forest suggests it does. In this stand (de-
scribed in Sillett L1995b). cyanolichens and bryo-
phytes, especially Antitrichia curtipendula, were
abundant throughout the forest profile. Several
cyanolichen species normally found in the un-
derstory of 450-year-old Douglas-fir forests (e.g.,
Pseudocyphellaria rainierensis, Pike et al. 1975)
were widely distributed in the lower to middle
crowns of the large Douglas-fir trees in this stand.
Similarly, in the oldest, wettest forests of the Pa-

cific Northwest, such as those found in the truc
rainforests of Mount Rainier and Olympic Na-
tional Parks, Washington, as well as parts of
Vancouver Island and southeast Alaska, the up-
ward migration of epiphytes appears to have pro-
gressed to its limit—an almost complete domi-
nation of the canopy by bryophytes. In fact, many
terrestrial species of mosses and vascular plants
have been observed growing on branches in the
upper canopies of these forests (Table 2). Fac-
tors controlling the rates of upward migration of
epiphytes are not understood, although bryophyte
domination of the canopy appears to be most rapid
in very wet coastal forests,

TABLE 2, Examples of terrestrial plants occasionally found
as eplphytes in the upper canopy of the oldest
and wettest Douglas-fir forests in (he Pacific
Northwest.

Vascular plants Mosses

Epilobium angusiifolium Eurhvachium oreganum

Gaultheria shallon Hylocomium splendens
Oplopunax horridun Isoptervginm pulcheiium
Saribucus racemosa Mrium spinulosun
Tsuga heterophylia Polyvtrichum juriperinum
Vaccinium spp. Rinvtidiadelphus loreus

Riytidiadelphuy triguetrus

The Riparian Influence on Epiphyte
Distribution

Cyanolichen biomass in westside forests depends
not only on stand age but also on landscape posi-
tion. For example, old-growth Douglas-fir for-
esls close to major streams support a far greater
cyanolichen biomass than comparable upland
forests (Howe 1978, Figure 3}. The cause of this
pattern is not entirely understood. Perhaps a zone
of elevated atmospheric humidity extends for over
100 m above the stream channel, enabling epi-
phytic cyanolichens to flourish in the more hu-
mid microclimates of the riparian {orest canopy
compared with drier upland conditions. A simi-
lar but less pronounced effect on cyanolichen bio-
mass occurs with elevation: lower elevation for-
ests supporl a larger cyanolichen biomass than
do higher elevation forests even if their proxim-
ity to a stream is the same (Howe 1978, Figure
3). The effects of streams on canopy microcli-
malce may be less pronounced at higher elevations

Canopy Epiphyte Research 57



70

60

A o

Cyanolichen litterfall biomass
(kg/ha)

A O A

O

(o]

O 500-900 meters
& above 900 meters

S A

0 T T
0 100 200

. A

300 400 500 600

Vertical distance to major stream (m)

Figure 3. The relationship between epiphytic cyanolichen biomass and proximity to major streams for 22 stands of old-growth
Douglas-fir forest in the H.J. Andrews Experimental Forest in the western Oregon Cascades. Open circles represent
stands below 900 m elevation. Shaded triangles represent stands above 900 m in elevation. Data from Howe (1978).

simply because stream and channel sizes decrease
with increasing elevation. Experimental support
for both hypotheses, which predict a tight rela-
tionship between cyanolichens and moisture avail-
ability, is currently lacking.

If epiphytic cyanolichens are restricted to rela-
tively mesic forests, then they should be absent
from many inland sites in the Pacific Northwest,
including a large portion of westside forests. In
fact, epiphytic cyanolichens are scarce in forests
east of the Cascades in Oregon and Washington.
Only the oldest and wettest sites in the interior
forests of Idaho and Montana regularly harbor
epiphytic cyanolichens (McCune 1984, Lesicaet
al. 1991). And given the scarcity of cyanolichens
in managed forests, nitrogenous inputs from the
canopy may currently be significant in only a tiny
portion of the current landscape, that 1s, old-growth
forests on lower slopes west of the Cascades.
Efforls to bolster cyanolichen biomass in man-
aged forests would benefit from a clearer under-
standing of the potential of forests to support epi-
phytic cyanolichens. Such information can easily
be obtained by sampling epiphyte littertall in a
large number of forest stands (see below).
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Epiphyte Research and Forest
Management

Knowledge of epiphyte ecology in the Pacific
Northwest is growing rapidly as a result of re-
cent improvements in canopy access technigues
and epiphyte sampling methods. The crowns of
tall trees can now be safely accessed by ropes in
a few hours without the use of harmful bolts or
climbing spurs. Such rope techniques are now
complemented by permanent installations such
as platforms and construction cranes, which give
researchers prolonged and intimate contact with
the forest canopy. Although direct access to the
canopy is essential for detailed studies of epiphyte
communities and their arboreal habitat, canopy-
based sampling is not always the best approach
for larger-scale questions about epiphyte devel-
opment in forests. These studies require sampling
from many stands throughout the landscape. A
recently developed litterfall sampling method that
permits rapid assessment of epiphyte abundance
and diversity at the stand level (McCune 1994)
provides a ground-based alternative to more ex-
tensive canopy sampling. These alternative ap-
proaches are enabling scientists to initiate studies



of epiphytes that will have important implications
for forest management.

Maintaining late-successional species in man-
aged forests is one of the most important chal-
lenges in forestry. Reccnt discussions of forest
management alternatives in the Pacific Northwest
{(e.g., Spies et al. 1991) have focused on the re-
tention of living trees and woody debris in har-
vest units. It propagule dispersal limits epiphyte
colonization, epiphyte populations on retained trees
could serve as propagule sources for the re-es-
tablishment of these species in the regenerating
forest canopy. On the other hand, if microclimates
or substrates strongly limit rates of propagule
establishment, green tree retention would do little
to facilitate epiphyte recovery in managed for-
ests. Controlled experiments involving inocula-
tions and transplantations of substrates in tree
crowns are nceded to resolve this dilemna. Fur-
thermore, the extent to which late-successional
epiphyle species can withstand the microclimatic
changes following logging is currently unknown,
although some of these species are capable of
adjusling to the new microclimate in partially
exposed trees (Sillett 1994, 1996).
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