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Abstract:
The presence or abundance of indicator species such as vascular and non-vascular epiphytes
could prove valuable in measuring the loss of biological diversity in fragmented ecosystems of
coastal British Columbia.  Approaches to ecosystem-based forestry, including variable retention
and its assessment via adaptive management, attempt to address the loss of biodiversity
associated with forest fragmentation.   I discuss the usefulness of epiphytes as indicators of the
effects of forest harvesting.   This pilot study consisted of examining the distribution and percent-
cover of nonvascular epiphytes in a second-growth and an old-growth forest in the CWH
biogeoclimatic zone of the south west coast of British Columbia.  Determining epiphyte zonation
will prove to be a powerful tool in measuring differences among tree species and study sites.
This is most effectively done by measuring mean percent cover of epiphyte functional groups
within each of the epiphyte zones.  Monitoring of epiphytes can be done in a cost-effective and
precise way by using the single rope technique to access trees.  Limitations to effective
monitoring exist due to lack of life-history information on many of the species.  Subsequent
research in distribution, host-specificity and epiphyte succession is essential for making the
monitoring programme efficient.
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Introduction
The fragmentation of old-growth ecosystems due to forest practices has the potential to

reduce the abundance of endemic species that rely on particular structures or conditions found

only in association with un-manipulated systems.  In order to quantify the loss of these or other

aspects of old-growth systems, indicator organisms should be identified and their abundance

monitored through time.  Epiphytes could serve as important indicators of forest condition

because of their reliance on unique habitat characteristics and sensitivity to changes in

microenvironments (Tibell, 1994; Esseen & Renhorn, 1998; Uliczka & Angelstam, 1999;

Hedenas & Ericson, 2000; Virolainen et al., 2000; Pipp et al., 2001). I will explore the potential

of epiphytes as indicators of forest conditions.

Plant epiphytes such as bryophytes and lichens have particular and predictable

distributions within their habitats over space and through time (Johansson, 1978; Freiberg, 1996;

Lyons et al., 2000; Sillett & Rambo, 2000).  For instance, the trunks of young western hemlock

(Tsuga heterophylla) growing in old-growth stands on the west coast of British Columbia are
dominated predominantly by bryophytes.  On the same tree, a different community of alectorioid

lichens, bryophytes and cyanolichens dominate the outer canopy.  These differences in habitat

are due mainly to variation in microclimate between the interior and outer canopy of host trees

(Lyons et al., 2000).  Other work shows that the distribution of epiphytes is influenced by abiotic

and biotic factors including host-tree species, age, size, branch roughness, branch diameter,

shading, orientation, air temperature, relative humidity, humus accumulation and branch pH (ter

Steege & Cornelissen, 1989; Wolf, 1994; Freiberg, 2001).  Biotic and abiotic influences on

epiphyte assemblages have been seen to create zonation of epiphytes within host-trees

(Johansson, 1978; Nieder & Zotz, 1998).  These zones could prove useful in identifying epiphyte

indicator species and understanding the effects of variable retention on epiphyte assemblages.

Changes in the biotic and abiotic factors induced through forest management could

potentially result in loss of epiphyte biodiversity (Appendix A, Table 1).   Esseen & Renhorn

(1998) describe edge effects on Alectoria sarmentosa distribution in Sweden as occurring within

25 – 50 meters of new edges.  Recovery time of normal distributions within 30 m of the forest
edge was estimated to be approximately 8 – 16 years.  Sillett (1995) hypothesised that re-

colonisation of a normal distribution of epiphytes along forest edges would take greater than 20

years.



Time and stochastic events play an important role in structuring epiphyte communities.

However, the natural course of plant succession in epiphyte communities is poorly understood

(Benzing et al., 1995; Lyons et al., 2000; Rosso et al., 2001). According to a recent study by

Lyons et al. (2000), succession in epiphyte communities on the west coast of Canada can be

influenced by phorophyte type (e.g., the host tree species), size, location on the phorophyte and

age class of the stand.  As a result, to create a representative inventory of epiphytes over large

areas requires an understanding of the natural history of the area coupled with measurement of

environmental variables and associated variation in plant species abundance and community
composition.  Once established, the experimental areas could be used as baselines of epiphyte

community composition and change in un-managed areas.

To understand the effects of forest management on succession in epiphyte communities, and

the ability of these communities to adapt to human caused disturbances, it is necessary to

document their development before management takes place.  This preliminary data can be used

to compare pre- and post-harvest conditions within the managed forest.  Moreover, because all

species in communities cannot be monitored, it is necessary to identify a set of indicator species

(or groups of species) to act as measures of community change, particular target attributes, or

overall biodiversity (Hedenas & Ericson, 2000).  Epiphytes as indicators of biodiversity in

southwest coastal British Columbia could include a range of taxonomic groups because of the

diversity of habitats within and between trees (trunks to outer canopy; younger to old-growth

trees; microclimatic differences within a stand).  These groups include cyanolichens, alectorioid

lichens, Other lichens, mosses and liverworts.  A potentially important group of indicator

epiphytes is the nitrogen-fixing lichens (cyanolichens) (Hedenas & Ericson, 2000).  The
cyanolichen, Lobaria oregana is associated with old-growth forests greater than 250 years

(Sillett et al., 2000b). Its large spores limit the species’ ability to disperse between patches and

colonize young stands.  Mosses are also potentially good indicators.  In particular, the moss

Antitrichia curtipendula is also associated with old-growth forests (Rosso et al., 2001) and may

be a useful indicator of forests with old-growth characteristics.

This study was designed to assess the diversity of epiphyte communities in Weyerhaeuser’s

adaptive management areas, their development through time, and their likely response to variable

retention logging.  More immediately, I have preformed a two-year pilot study to assess the

usefulness, feasibility, and effectiveness of epiphytes as a monitoring tool.  This includes an

analysis of logistics, available methods and cost versus precision of estimates.  From July 1 to

August 1, in both 2001 and 2002 a survey of the distribution, abundance and diversity of



epiphytes was completed in four of Weyerhaeuser’s research forest sites and two old-growth

benchmark sites.  This work yielded data covering community composition, distribution and

habitat preferences of epiphyte communities.

Objectives
I aimed to create a baseline inventory of epiphyte communities within four adaptive

management study sites [Tsitika Valley (R917), Lois Lake (R949), Port McNeill (R817), and

Port Clements (R1000)] and within two old-growth benchmark sites [Sarita Lake (R987) and

Yakoun River (R926)].  The primary objective of my pilot study was to develop a cost-effective

and precise epiphyte-monitoring programme.  This required a basic understanding of the

succession, distribution and life history of the various epiphyte species on the west coast of

British Columbia.  Thus my secondary objective was to develop a basic understanding of

epiphyte community dynamics within each of the study areas.  From this understanding, specific

indicator groups and species were identified and recommendations for using these indicators

were proposed.

 In the future, this programme could be used to measure the change in epiphyte community

composition after variable retention practices have been applied.  Forest managers could apply

this understanding of epiphyte composition to forest practices in order to fulfil specific epiphyte

biodiversity goals.  For instance, epiphyte monitoring and the development of indicator species

lists can support and help develop management design (Appendix A, Table 2).  Once adequate

research has been preformed, decision matrices can be designed for all indicator species and

groups.  These matrices should be constructed using specific microenvironment limitations such

as tree heights, species, and branch sizes.



Methods
Epiphyte species richness, diversity and percent cover were estimated in four sites slated for

adaptive management studies, the Tsitika valley (North Vancouver Island; 50˚25’N, 126º30’W),

Lois Lake (Powell River; 49˚50’N, 124˚30’W), Port McNeill (50˚33’N, 127˚08’W), and Hoodoo

216 (Port Clements, QCI; 53˚40’N, 132˚10’W).  Each area is approximately 100 ha and is

subdivided into five treatment areas of 20 ha each.  Four of these 20-ha areas will be harvested

using variable retention techniques in varying degrees (5%, 10%, and 30% retention, and clear-

cut).  The final treatment area is a baseline old-growth stand where no harvesting will occur.  All

of these areas are within the CWH biogeoclimatic zone.  The dominant trees are amabilis fir

(Abies amabilis), western redcedar (Thuja plicata), and western hemlock (Tsuga heterophylla).

Tsitika valley is considered an old-growth forest of approximately 500 years in age.   It was

slated for group-retention logging.  Lois Lake was clear-cut logged 80 years ago.  It was planted

with Douglas-fir (Pseudotsuga menziesii) but also has western redcedar and western hemlock.

The Lois Lake site was slated for dispersed retention logging.  Port McNeill is an 80-year-old
forest and was slated for group retention size experimental logging.  The Port Clements site at

Hoodoo 216 is a re-vegetated burn site from the 1909 burn that spread over most of Graham

Island.  This study site was dominated by remnant spike-top western redcedars, shore pine (Pinus

contorta), and western hemlock.

Epiphyte species richness, diversity and percent cover were also estimated for two old-

growth benchmark sites: Sarita Lake (Port Alberni; 48º 54’N,124º 54’ W) and Yakoun River

(Port Clements; QCI; 53˚32’, 132˚12’W).  These sites were chosen to represent natural, old-

growth epiphyte communities.  The Sarita Lake site is a 250+ year-old forest comprised of Sitka

spruce (species), Douglas-fir, bigleaf maple (Acer macrophyllum), and western redcedar.  The

Yakoun river site is also a 250+ year-old forest comprised of Sitka spruce, western redcedar and

western hemlock.

During summer 2001, 57 permanent plot study trees were established and sampled (sounds

repetitive); 23 of these trees were located within the Tsitika valley site, 22 within the Lois Lake

site and 12 within the Sarita Lake site. During summer 2002, 69 permanent plot study trees were
established;36 were located in the Port McNeill site, 24 in the Hoodoo 216 site, and nine in the

Yakoun River site.  Where possible, an equal number of trees were chosen within each of the

three retention areas [5%, 10%, 30%, control (100%)].  For example, in the Port McNeill site

nine trees were chosen within each of the retention sites.  It was unnecessary to collect



information from the clear-cut retention site as this study was designed to monitor the effects of

variable retention logging of extant epiphyte communities.  The benchmark sites were treated

like the control sites in the experimental sites.  Twelve trees were studied in the Sarita site, and

nine in the Yakoun river site.

Each tree represents a permanent study site because data will be collected before and after

variable retention harvesting occurs.  The selection of each tree was based on the safety criteria

listed below.

Before a tree became a candidate for selection, it must have met the following criteria:

• Must be alive and growing straight in order to meet safety concerns
• Must have a diameter at chest height greater than 15 cm to meet safety concerns
• Must have at least three branches with a diameter greater than 2 cm

Upon locating each identified sample tree I measured its diameter at breast height (cm) and

total height (m). An arborist set polypropylene cord over the safest topmost branches of each

tree, which was then used to pul climbing rope into the canopy.  I ascended to the canopy using

single rope techniques (SRT;Perry, 1978).

Epiphyte species and their percent cover were identified for taxonomic divisions: Pterophyta

(ferns), Bryophyta (mosses), Hepatophyta (liverworts), and Cryptogams (lichens).  I also

measured the height above ground, diameter, and angle (if it was a branch) of each plot.

Methods were adapted after the first summer (2001) in order to increase the accuracy of the data

in the second summer (2002). In order to do this, I increased the number of plots per tree from

four in 2001, to nine in 2002.  Due to the size of the trees in the Yakoun river site I established

12 100-cm plots within each tree.  Each plot was 50 cm long and permanently marked.  These

plots were created across three zones within each tree (Appendix B, Figure 1).  In the pilot study
I did not include zone 1 due the high number of hemiepiphytes found here, which can confound

results;hemiepiphytes derive their nutrients from forest floor soil and therefore are more

indicative of the forest floor characteristics than that of the host-tree.  I split the four plots in

zone 2 into low and high plots in order to observe the change in epiphyte assemblages

throughout this zone.  Each sample plot within the trees was photographed for use as a visual

reference.  This will be useful for noting changes in abundance before and after harvesting

occurs.

Results were compiled as a large database of pictures, including species and abundance data,

to be used as a reference in future studies of the effects of variable-retention on epiphytes.  Mean

percent cover of epiphyte functional groups within the three zones was compiled for each tree



species by each study site.  This provides an easy point of comparison of epiphyte community

composition among tree species and among study sites. Percent occurrence of epiphyte

functional groups was also calculated within each tree species within each study site.  I chose to

analyse percent cover instead of relative abundance, because it reports a real value of cover,

which may be important for comparisons in future years (Schmidt et al., 2001).



Results
Overall, I identified 31 genera in the permanent plots of the four experimental sites and two

old-growth controls.  These included three cyanolichens (Lobaria, Nephroma, and

Pseudoscyphellaria), three alectorioid lichens (Alectoria, Bryoria, and Usnea), 13 ‘other’ lichens

(Cetraria, Cladina, Cladonia, Hypogymnia, Lepraria, Loxosporopsis, Nephroma, Parmelia,

Parmeliopsis, Platismatia, Sphaephorus, Tuckermannopsis, and other unidentified crustose

lichens), nine mosses (Antitrichia, Dicranum, Hypnum, Isothecium, Metaneckera, Neckera,

Orthotrichum, Rhizomnium, and Ulota), three liverworts (Frullania, Porella, and Scapania), one

fern (Polypodium).  Fifty-six species were identified overall, but they were not all present in each

of the study sites (Appendix C, Table 1).

Functional Groups by Site

Epiphytes can be categorised according to their functional groups or functional role that they

play in the forest.  These groups include cyanolichens, alectorioid lichens, Other lichens, mosses

and liverworts (Sillett, 1995).  This allows an overall view of the community composition of an

area, and also provides a basis for comparing community composition among areas.  Because

epiphyte composition changes on both horizontal and vertical planes, community composition by

vertical stratification is shown below for each host-tree species in each site.  Generally, in the

dominant, canopy-forming trees, mosses and liverworts occurred in the lower zones, and lichens

dominated the upper canopy.  The transition zone height between these groups changed among

individual trees and was interpreted on sight by looking at the overall composition of epiphytes.

Also, in every site, western redcedar had less epiphyte cover on it than the other trees.  Older

sites had more complex micro-communities (per plot) but not necessarily more species.

Tsitika Valley (R917) (Appendix D)

Cyanolichens, which were rare in other sites, were found in all of the three measured zones

on the three tree species in the Tsitika Valley site.  They were found mostly in the amabilis Fir

trees (16 of 24 plots).  Few liverworts were found, and no ferns or   Unidentified other crustose

lichens were detected.  Western redcedars had less epiphyte cover than the other trees.  Mosses

were prevalent in all zones on all tree species.



Lois Lake (R949) (Appendix E)

No cyanolichens were found in any of the plots on the trees in Lois Lake site.  There was a
very large decrease in liverworts in the upper zones.  The Other lichens dominated the trees and

were found on all trees in most plots.  Mosses occurred widely as well, but there were no ferns.

Sarita Lake (R987-Benchmark) (Appendix F)

 No cyanolichens were found in any of plots on the trees in the Sarita Lake site.  The

Douglas-fir trees had very little epiphyte cover and were composed primarily of Other lichens,

which occurred in every plot.  Mosses dominated the western redcedar trees.  The Sitka spruce

trees had ferns and mosses as the dominant cover in all zones except zone four, where Other

lichens and crustose lichens dominated.  The bigleaf maples in this area were not canopy forming
and had poorly defined zones; due to safety issues, I was only able to place plots in zone two of

the bigleaf maples which was dominated by mosses, liverworts, and ferns.

Port McNeill (R817) (Appendix G)

The Port McNeill site had high occurrence of cyanolichens and liverworts within the plots.

Other lichens were also in high abundance on all trees.  Other than lower cover on the western

redcedar trees, epiphyte cover was similar on all trees.  Amabilis firs had the highest percent

occurrence of cyanolichens, but mean cover was low (mostly below 1% within each plot).

QCI HD216 (R1000) (Appendix H)
Cyanolichens were found in the Hoodoo 216 site but in very low number (percent occurrence

on hemlocks was 1.1%).  Unidentified crustose lichens and liverworts were found in high

occurrence among all tree species.  Other lichens and alectorioid lichens had low percent cover

among the tree species.  Western redcedar trees had higher liverwort cover in all zones than the

other trees.

QCI Yakoun River (R926) (Appendix I)
Cyanolichens were only found on the Sitka spruce branches in the Yakoun River Site.

Unidentified crustose lichens, mosses and liverworts dominated the western hemlock and

western redcedar trees.  The western redcedar trees had higher mean cover than the hemlock

trees.  The spruce epiphyte composition was more mixed, having alectorioid lichens as well as

Other lichens, mosses, liverworts and unidentified crustose lichens.



Indicator species by site

 Potential indicator species were identified by assessing their apparent sensitivity to study site
characteristics and variation among tree species.  The species that were considered to be

effective indicators had high mean percent cover (relative to others within its functional group)

and widespread distributions within particular sites as apposed to clumped distributions. The

number of indicator species found in each site is different due to variability in the amount of

epiphyte cover among the sites and the variability of each of the epiphyte species size,

reproductive and growth characteristics.

The indicator species differed among all sites (Appendix J, tables 1-6).  Each site had a

unique group of indicator species. Some of the bryophyte indicator species existed in the

majority of the sites (Antitrichia, Dicranium, and Frullania).  The old-growth sites have a greater

richness in potential indicator species.  Also, the old-growth sites have indicator species

representing a wider range of functional groups.  The indicator species in the younger forests

were dominated by species from Other lichens and liverworts (especially Frullania

nisquallensis).



Discussion
Succession of epiphyte communities within forests is influenced primarily by structure and

microclimatic changes (Lyons et al., 2000; Hedenas, 2000).  The structural diversity of old-

growth forests harbours different epiphyte species than younger forests (Lyons et al., 2000).

Because this is a pilot study, with the specific objectives of determining precision of

monitoring, these data should be considered preliminary.

Lichens as Potential Indicators

Lichens are useful as indicators because of their sensitivity to changes in microclimate
conditions (Dettki, 2000; Sillett, 2000b; Pipp et al., 2001).  Pipp et al. (2001) found that lichen

richness and biomass were positively correlated with old-growth structure and hypothesised that

structure was a good predictor of lichen biomass and diversity.  Other studies have suggested that

cyanolichens (particularly Lobaria oregana) appear to be good indicators of old-growth areas

due to dispersal limitations (Uliczka & Angelstam, 1999; Hedenas & Ericson, 2000; Sillett et al.,

2000a; Sillett et al., 2000b).  Some of the results from this pilot study support this hypothesis.

Cyanolichens were prominent in the Tsitika Valley and Yakoun River old-growth sites.

However, cyanolichens were also found in the second-growth Port McNeill site; this may be due

tothe presence of an old-growth source nearby.  Both Alectorioid and Other lichens were found

to be widespread among tree species and study sites.  This high percent occurrence could be due

to their smaller spores being more readily used by arthropods or the thalli being used by birds for

nesting material (Tibell, 1994).

The presence of cyanolichens alone should not be considered an indicator of old-growth

characteristics of a forest.  Poor dispersal ability limits their distribution equally across every age
class of forest and are not necessarily always found in large abundance in old-growth forests.

Therefore, the use of multiple indicator functional groups or individual species as indicators is

essential.  This will ensure that old-growth characteristics are not overlooked when one particular

species has not re-colonised an area.  Furthermore, it is important to choose indicator candidates

from pre-harvest lists or nearby intact sources.  This will ensure an accurate sample of species

that represent the local climate, community assemblage, and structural conditions of the forest.

Lichen composition was different among tree species due to the variability of the structure

and characteristics of the bark.  This makes it essential to document epiphyte indicators

according to the tree that they grow on.  For instance, western redcedar trees were similar in all



the study sites by having low quantities of all groups except mosses, liverworts, and Other

lichens.  Whereas, the epiphtye communities in sitka spruce trees changed with size, age and

changes in the surrounding forests.

Individual lichen species such as Lobaria oregana (cyanolichen), Alectoria sarmentosa

(alectorioid lichen), Cladina spp., and Hypogymnia spp. (Other lichens), among others, could act

as key indicator species for each of the functional groups.  Further research should be done to

determine whether these species serve as indicators of specific environments.

Although not exclusively found in the upper zones (3 and 4) of epiphyte communities,
lichens dominate these zones in coastal British Columbia.  This particular, and conspicuous,

tendency could prove to be the most important element in using epiphytes as indicators.  The

epiphyte composition within these zones seems to be unique among tree species and among

study sites.  Therefore, understanding local lichen zonation communities in these upper zones

will benefit forest managers.

Mosses and liverworts as potential indicators:

Similar to Sillett (1995) and Rosso et al. (2001), I found that Antitrichia curtipendula was

associated with the structure of old-growth forests.  In contrast, Isothecium myosuroides, was
prevalent in all sites. Antitrichia curtipendula establishes mainly on branches where I.

myosuroides have previously colonised (Rosso et al., 2001).  Rosso et al. (2001) also suggested

that dispersal and establishment limitations decrease the ability of A. curtipendula to establish in

younger stands. I. myosuroides may play an important role in the establishment of other old-

growth species.  Both of these species could make effective indicators of old-growth

characteristics in a forest.

Dicranum fuscescens formed clumps throughout the canopy and trunk, and was usually

found in deeper fissures in the bark.  Most mosses tend to be very light sensitive and will not

grow in exposed areas such as the high canopy (McCune et al., 1997).  Therefore they are

typically found in the lower regions of the canopy.

Liverworts were usually exclusive to younger trees and low to the ground such as Scapania

bolanderi.  Similar to Sillett’s (1995) work, Porella navicularis were found to be very

widespread throughout every site (excepting Tsitika where it was not recorded) and in every

zone of most trees.



Coupled with the understanding of lichen distribution, moss and liverwort distribution data

can be useful for creating typical epiphyte zonation maps (Appendixes D – I) of each host tree

species within each area.  These maps are useful for a quick way of testing differences among

tree species, study sites and over time.  The maps can also be used as comparison tools to

distinguish differences of epiphyte assemblages among forest types, ages, and structures.  By

collecting simple means of functional group assemblages and comparing them against pre-

harvest maps enables forest managers to determine forest health.  These comparisons will

support Forestry through adaptive management.

Individual Indicators

Individual epiphyte indicator species constitute the functional groups.  When used separately,

individual species may be able to more accurately indicate differences in the microenvironment

than functional groups.  Despite this potential for higher accuracy, individual indicator species

would be a cumbersome management tool.  This is especially true for lichens that often require

lab-work for identification to the species level.  Therefore, genus-level identification for lichens

falling into the Other lichen category may be the most efficient option.  Mosses and liverworts

are relatively easy to identify to the species level.

Management considerations

Why monitor epiphytes?  Epiphyte monitoring could provide a more inclusive and 3-

dimensional understanding of the impact of harvesting on a forest.  It is apparent from this pilot

study and from other work that epiphyte communities will change through time.  Like plant

communities on the ground, epiphytes also provide important habitat for many other organisms,

including arthropods, birds, and mammals.  In light of this overall importance of epiphytes as

complexity in the canopy, a monitoring programme should be all encompassing.  It is important

to have a variety of indicators from different seral stages and functional groups of epiphytes.

Epiphyte monitoring and the data associated with it is only effective if it is useable by forest
managers.  This is why understanding epiphyte zonation among sites and individual trees is

important.  It creates a simplified way of understanding the composition of epiphytes.  For

example, if cyanolichens are usually found at 30% mean cover in zone 4 of amabilis fir, and a

manager wants to maintain this, certain harvesting techniques would have to be used.  This

management consideration can only be understood by seeing how variable retention affects

epiphyte composition.  Therefore, the following recommendations attempt to further data

collection and management consideration for epiphytes.



Recommendations for a monitoring programme

1. Collect preliminary, pre-harvest composition, structure and host tree data in
permanent-plots from the study sites and other old-growth benchmarks.

a. Plants should be identified to species level (if possible).
b. Zones should be indicated within the tree by the researcher.

2. Create zone-plant relationship maps for each study site and old-growth benchmarks
a. By tree species
b. Group plants into functional groups

3. Measure changes to plant zonation and composition over time (every 2,5, and 10
years)

a. Return to the permanent plots to measure differences against percent cover
estimates and pictures taken in preliminary study.

b. Use statistics to measure if changes between preliminary and return data are
different.

4. Use data and recommendations from study and adapt techniques in forest
management to include epiphyte considerations.

Subsequent Research

This study requires additional research in order to quantify the effects of variable retention

logging on epiphyte species post harvest.  Identical methodology would be used to collect

epiphyte species data in all of the areas after variable retention logging has been performed.

Succession of epiphytes is poorly understood in North America (Lyons et al., 2000) and

should be further studied to determine: (i) stages of succession in epiphyte assemblages in

multiple age-classes from 20years old to 700years old, (ii) community mapping of each of the

functional groups with proposed indicators for each group, (iii) edge-effects and dispersal

limitation studies on all epiphyte indicators, (iv) effect of host-specificity on epiphyte community

assemblages.  These studies could provide information on successive pathways of epiphytes for

each age-class and a better understanding of the factors that determine epiphyte assemblages in

western North America.

(i)  It is important to determine the successive pathways of epiphyte community assemblages

in order to be able to have an effective monitoring programme.  This could be accomplished by
long-term studies on denuded branches or moveable branches in the forest.  It could provide

information on dispersal limitations as well as host-specificity of tree branches.  The

methodology needed to execute this project would be simple in the fact that pseudo branches

could be raised and lowered from the ground.



(ii)  The creation of epiphyte community maps for each host-tree species is important in

order to qualify the speculative nature of zonation.  This mapping would tie into the previous

goal of successive pathway modelling.  Also, by understanding the zones and identifying

indicator species within these zones, the data from monitoring could be more accurately

interpreted.  Therefore an index of certain epiphyte indicators per zone could be developed and

used in a management setting.  Slight modifications to the methodology I used in this study

would have to be made in order to create this index.  For instance, it would be essential to

increase plots within each tree and include the outer canopy in the plots.  Also, each plot would
have to be defined by the relative height of the tree such as plots every 1/9th of the height.  Each

tree would have to be of similar height.

(iii)  Edge-effects can be measured from the edge of the forest patches using similar

methodology as developed in this pilot project.  It would require a long-term study of epiphyte

assemblages within recent cuts and a baseline area.

(iv)  Each tree species may have a different collection of epiphyte communities due to

differing tree structure and bark-type.  The effects of host-tree species could be determined by

performing an ordination of structure and bark characteristics with presence and absence of

certain epiphyte species.  This data could be then linked with the other research objectives to

qualify monitoring techniques.

Limitations

Limitations of this study include differences in site characteristics such as historical

stochastic events, weather patterns, aspect on the tree, and distance from the ground.  Since many

of my results closely match those of Sillett et al. (1995, 2000, 2000a, 2000b) I am reasonably

confident that the results I have reported here are due to age-effects.  Research in this area,

should include a minimum of 3 replicate study sites across each gradient of interest such as age-

class, rainfall, elevation, or tree communities.  To encompass entire epiphyte assemblages, each

tree should be sampled at least twice within each epiphyte community zone. Due to physical

limitations of ascending to the canopy, it is important to maximise the number of plots within

each study tree.

For many of the epiphyte species, little is know of their dispersal techniques.  Lack of

information about the basic biology of various epiphytes will decrease the usefulness of these

species as indicators.  Therefore, for each of the species and groups used as indicators, it is
important to collect life-history information from peer-reviewed sources.



Cost-Precision analysis

The usefulness and precision of epiphyte species as indicators is limited by the lack of
information of the life history.  Many of the epiphyte species that are listed (Appendix C, Table

1) are candidates of larger functional groups.  It is difficult to generalise the zonal distribution of

certain species and the functional groups they represent.  If this information were to be

successfully defined for each tree species and area, using relative height distributions, monitoring

would become more precise.  These goals are limited directly by cost and available timelines.  In

epiphyte research, as with all biological research, cost increases as precision,  method

complexity, and logistics increase (Appendix K, Figure 1).

The most cost-effective way of monitoring epiphytes is to use the single rope technique.  This

maximises precision of estimates over a large area by minimising costs.  Figure 2 shows cost

increase but precision decrease due to the limited nature of using dirigibles and helicopters in the

canopy setting.  Canopy cranes are becoming more widely used in epiphyte research, but are

very costly.  Although, cranes are limited to the area that they can reach, they are able to

comprehensively sample all trees, including snags.  The precision and reliability of epiphyte

monitoring increases as the number of plots per tree increases.  The single rope technique is ideal
for maximising plots in each tree, yet remaining mobile enough to sample wide-ranging areas.

That is why this technique is useful for monitoring epiphytes in a variable retention setting.
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Appendix A

Table 1. Tolerance of epiphyte communities to changes in abiotic and biotic factors.

Changes in abiotic factors Tolerance of epiphyte communities
Increased sun May benefit sun-tolerant epiphytes (like alectorioid lichens) which, in turn, out-

compete shade-tolerant, slower growing plants; may also act to desiccate wetter
areas of the tree, resulting in a change in microclimate (Sillett et al., 2000b).

Increased wind Epiphytes with larger structure (macrolichens, pendant epiphytes and vascular
plants) are vulnerable to being damaged or falling off branches.  Also, loss of habitat
by tree-fall is an increased risk (Benzing et al., 1995).

Decreased humidity Epiphytes require very humid environments to be prolific (Benzing et al., 1995).
Decreased humidity would change and possibly reduce the level of biodiversity in
these communities.

Decreased water retention Increased exposure would allow more rainfall to pass through the canopy without
being intercepted by leaves, trunks and suspended soil (Sillett, 1995).  This could
significantly reduce the vital water needed in these fragile ecosystems.

Changes in biotic factors
Decreased community
structure

Some epiphyte species may require a particular community structure (e.g. certain
liverwort species require a bryophyte mat to grow on; Stanger, unpublished data).

Increased competition for
diminishing resources

Invading species that are adapted to extreme microclimatic conditions could dictate
the community composition (Benzing et al., 1995).

Table 2.  Decision matrix for maintenance of old-growth-associated epiphytes in managed forests using limiting
rates of re-colonisation and microenvironment factors.  Sillett et al.'s (2000b) suggestion for Lobaria oregana is in
bold-type. Matrix from Sillett et al. (2000b).

Microenvironment limited?
Dispersal limited? yes no

yes Maximise number of retained trees
using clumped retention.

Maximise number of retained
trees using dispersed retention.

no Maximise number of trees retained
to enhance habitat qualities.

Type of retention would not affect
epiphyte re-colonisation.



Figure 1.  An example of epiphyte community zonation of old-growth amabilis fir with example of study plots from
the 2001 summer superimposed on each tree (based on Johansson, 1978; Lyons et al., 2000; and Stanger,
unpublished data).  Zones are delineated by plant community composition.  Other lichens occur in all zones in
somewhat equal abundance.  This study focuses primarily on Zones 2 – 4.

Appendix B: Methods



Appendix C: Species data
Table 1.  Relative abundance of all epiphyte species found during 2001 and 2002 summer field-work at four active
experimental sites and two benchmark controls (BM).  Old-growth forests are indicated by OG and second growth
forests are indicated by 2G.

Relative Abundance of each species by site

Study Site

Tsitika
Valley (917)

OG

Lois Lake
(949)
2G

Sarita Lake
BM (987)

OG

Port McNeill
(817)
2G

QCI HD216
(1000)

2G (fire)

QCI Yakoun
River BM
(926) OG

Cyanolichens
Lobaria oregana 12.8 0 0 0.4 0 1.3
Lobaria pulmonaria 1.3 0 0 0 0 0
Nephroma parile 0 0 0 0 0 0
Pseudoscyphellaria anomala 0 0 0 0.3 0 0
Alectorioid lichens
Alectoria sarmentosa 2.5 0.3 0.2 0.2 0.3 0.7
Bryoria fuscescens 0 0.3 0 0 0 0.2
Bryoria fremontii 0 0 0 0.1 0 0
Usnea longissima 0 1.3 3.1 0 0 0
Other Lichens
Cetraria platyphylla 0 2.4 0 0 0 0
Cetraria islandica 0 0 0 0 0 0.1
Cladina portentosa 11.7 1.2 2.9 0.1 0 0
Cladina rangiferina 2.2 0 0.6 0 0.2 0.4
Cladonia bacillaris 0 0 0 0 3.3 1.7
Cladonia cervicornis 0 0 0 0 0 0.2
Cladonia cenotea 0 0 0 0 0 0
Cladonia chlorophaea 0.2 1.8 1.9 0 0 0
Cladonia coniocraea 1.3 2.5 0.3 0.7 0.4 0.7
Cladonia cornuta ssp. cornuta 0 0 0 0 0 0.1
Cladonia deforma 0 0 0 0 0 0.1
Cladonia ochrochlora 0 0 0 0 0 0
Cladonia squamosa 0.7 0.6 0 0 0.1 0
Hypogymnia duplicata 1.6 1.3 1.5 0.3 0.3 0
Hypogymnia enteromorpha 0.2 0.6 0 14.9 0.2 1.4
Hypogymnia imshaugii 0 0 0 0 0 0
Hypogymnia inactiva 0.2 2.9 0 0 0 0
Hypogymnia metaphysodes 0 0 0 0 0 0.1
Hypogymnia physodes 3.7 11.3 2.8 0 0 0
Lepraria lobificans 0 1.8 1.1 0.9 1.7 6.8
Loxosporopsis corallifera 0 0 0 0 12.8 0.7
Nephroma parile 0 0 0 0.2 0.1 0
Parmelia sulcata 1.1 6.4 1.9 2.8 0.1 0
Parmeliopsis ambigua 0.1 0.8 0.8 0 0.1 0
Parmeliopsis hyperopta 0 0 0 0.7 0 0
Platismatia glauca 6.6 1.9 0.3 6.2 0.4 0



Platismatia herrei 0 0 0 2.1 0.9 0
Platismatia lacunosa 0 0 0 0.1 1.0 0.2
Platismatia norvegica 0 0 0 0.1 0.5 0.4
Sphaephorus globosus 0 0.4 2.5 0 0 0.5
Tuckermannopsis chlorophylla 0 0 0 0 0 0
other crustose lichens 0 4.5 8.0 23.5 34.8 18.3
Mosses
Antitrichia curtipendula 23.9 0 18.6 0 3.5 9.6
Dicranum fuscescens 3.7 0.8 6.7 0.2 5.5 3.9
Hypnum circinale 0 0 0.3 0 2.5 1.9
Isothecium myosuroides 26.1 37.8 22.0 4.0 3.7 27.6
Metaneckera menziesii 0 0 1.5 0 0 0
Neckera douglasii 0 0 12.2 0 0 0
Orthotrichum lyelli 0 0.2 0.9 0 0 0
Rhizomnium glabrescens 0 0 0 0 0 0.4
Ulota megalospora 0 0.1 0.6 0.2 0 0.1
Liverworts
Frullania nisquallensis 0 0.2 2.2 41.0 23.4 13.0
Porella navicularis 0 18.4 4.1 0.8 0 2.4
Porella cordeana 0 0 0 0 0 1.8
Scapania bolanderi 0.4 0.2 0 0.1 3.8 3.7
Ferns
Polypodium glycyrrhiza 0 0 2.9 0 0.1 1.4
Polypodium hesperium 0 0 0 0 0 0.3
Polypodium scouleri 0 0 0 0 0 0



Appendix D: Tsitika Valley Site (R917)







Appendix E: Lois Lake Site (R949)







Appendix F: Sarita Lake Site (R987) – Old-Growth Benchmark Site









Appendix G: Port McNeill Site (R817)









Appendix H: Port Clements, Hoodoo 216 Site (R1000)







Appendix I: Yakoun River Site (R926) – Old-Growth Benchmark Site







Appendix J: Indicator species by site

Table 1.  Potential indicator species of epiphytes at the Tsitika Valley site, with mean percent-cover, SE and percent
occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Tsitika Valley (R917)Functional groups and
indicators zones

mean SE % occurrence

Cyanolichens ! ! ! !

Lobaria oregana 3 - 4 8.6 1.9 42.4

Alectorioid Lichens ! ! ! !

Alectoria sarmentosa 3-4 1.7 0.4 41.3

Other lichens ! ! ! !

Cladina portentosa 4 6.2 1.0 75.0

Hypogymnia physodes 3-4 1.9 0.7 18.5

Platismatia glauca 4 3.0 0.8 38.0

Mosses ! ! ! !

Antitrichia curtipendula 2 15.3 3.3 0.3

Dicranum fuscescens 2-4 2.9 0.7 0.4

Table 2. Potential indicator species of epiphytes at the Lois Lake site, with mean percent-cover, SE and percent
occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Lois Lake (R949)Functional groups and
indicators zones

mean SE % occurrence

Other lichens ! ! ! !

Hypogymnia physodes 3-4 3.7 1.2 33.0

Parmelia sulcata 4 1.3 0.5 13.6

Liverworts ! ! ! !

Porella navicularis 2 6.0 1.8 20.5



Table 3. Potential indicator species of epiphytes at the Sarita Lake site, with mean percent-cover, SE and percent
occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Sarita Lake (R987)Functional groups and
indicators zones

mean SE % occurrence

Alectorioid Lichens ! ! ! !

Usnea longissima 3-4 2.1 0.9 25.0

Other lichens ! ! ! !

Cladina portentosa 4 2.0 0.7 35.4

Hypogymnia physodes 3-4 2.0 1.0 18.8

Parmelia sulcata 4 1.3 0.5 18.8

Mosses ! ! ! !

Antitrichia curtipendula 2 12.9 4.2 25.0

Dicranum fuscescens 2-4 4.7 2.3 31.3

Liverworts ! ! ! !

Frullania nisquallensis 2-4 1.5 0.7 23.0

Porella navicularis 2 2.9 1.7 12.5

Ferns ! ! ! !

Polypodium glycyrrhiza 2-3 2.0 1.2 16.7

Table 4. Potential indicator species of epiphytes at the Port McNeill site, with mean percent-cover, SE and percent
occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Port McNeill (R817)Functional groups and
indicators zones

mean SE % occurrence

Other lichens ! ! ! !

Hypogymnia enteromorpha 3-4 7.9 0.7 62.7

Parmelia sulcata 4 1.5 0.2 34.9

Platismatia glauca 4 3.3 0.3 52.2

Platismatia herrei 4 1.1 0.2 26.2

Mosses ! ! ! !

Antitrichia curtipendula 2 12.9 4.2 25.0

Dicranum fuscescens 2-4 4.7 2.3 31.3

Liverworts ! ! ! !

Frullania nisquallensis 2-4 21.9 1.5 72.0



Table 5. Potential indicator species of epiphytes at the QCI Hoodoo 216 site, with mean percent-cover, SE and
percent occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Hoodoo 216 (R1000)Functional groups and
indicators zones

mean SE % occurrence

Other lichens ! ! ! !

Lepraria lobificans 2-3 1.2 0.7 23.1

Mosses ! ! ! !

Antitrichia curtipendula 2 2.4 0.9 9.7

Dicranum fuscescens 2-4 3.8 0.7 43.1

Liverworts ! ! ! !

Frullania nisquallensis 2-4 16.2 1.7 56.0

Scapania bolanderi 2-4 2.6 1.1 19.4

Table 6 Potential indicator species of epiphytes at the QCI Yakoun River site, with mean percent-cover, SE and
percent occurrence.  Indicator species were derived from percent occurrence dominant zones.

Cover (%)

Yakoun River (R926)Functional groups and
indicators zones

mean SE % occurrence

Other lichens ! ! ! !

Lepraria lobificans 2-3 5.0 1.6 31.5

Mosses ! ! ! !

Antitrichia curtipendula 2 7.1 1.4 47.2

Dicranum fuscescens 2-4 2.8 0.7 39.8

Liverworts ! ! ! !

Frullania nisquallensis 2-4 9.6 1.8 42.0

Porella navicularis 2 1.8 0.7 16.7

Scapania bolanderi 2-4 2.8 0.9 16.7



Appendix K: Canopy Sampling Cost Analysis

Figure 1.  Theoretical estimated cost vs. precision analysis using different methods.  Precision is based on how
extensively each tree can be sampled.  Estimated cost includes the total budget of a project.
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