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Abstract

Forest management practices in the Pacific Northwest have recently come under intense scrutiny
and changing attitudes. In an effort to improve management of the plant and animal diversity of
these forests, an ecosystem-based plan known as FEMAT (Forest Ecosystem Management
Assessment Team) was developed. The plan analyses the effect of nine management options on
lichen species by placing the species into functional groups. The preferred option requires that
lichen diversity be maintained, and recommends management guidelines to reach this goal. Some
of these guidelines include: 1) the retention and buffering of key populations of rare species, 2)
the limited use of piling and slash burning after harvesting, 3) no herbicide use, and 4) the retention of trees containing high lichen and moss biomass. Extensive surveys for rare lichen species
are needed to locate high priority sites for appropriate management. The retention of mature
green trees on ridgelines is recommended to optimise lichen dispersal and fog interception. To
moderate climatic conditions, 15% of the trees in each cutting unit will be retained in 0.2 to 1 ha
clumps over several harvest rotations. Hardwoods will be encouraged in addition to conifer
regeneration.
Keywords: diversity, forestry, lichens, indicator, managed forests, mitigation, rare species

1 Introduction
Controversy over the decline of the threatened northern spotted owl (Strix occidentalis
ssp. caurina) and rapid harvest of its required old-growth forest habitat in the Pacific Northwest has continued since the 1970's. Five federal laws in the United States applicable to
land management in this area include the National Environmental Policy Act (NEPA),
the Endangered Species Act (ESA), the National Forest Management Act (NFMA), the
Federal Land Policy and Management Act (FLPMA), and the Oregon and California
Lands Act (O&C Act). In keeping with the federal land management agencies' responsibility of preventing additional species from becoming endangered (thereby
necessitating their listing under the ESA), the viability of all species of plants and animals
is of management concern. At a 1993 National Forest Conference, U.S. President Clinton
directed the federal agencies to craft a balanced, comprehensive land use plan for the management of over 10 million hectares in the Pacific Northwest. Maintaining diversity in
managed forests, including lichen diversity, became a goal and legal mandate of this regional plan known as FEMAT (Forest Ecosystem Management Assessment Team). The
President set forth five principles to guide the agencies in the development of this plan to
protect old-growth related species and produce a sustainable level of timber:
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l. The human and economic dimensions of these problems should not be forgotten.
Where sound management policies can preserve the health of forest lands, timber
sales should go forward.
2. Protect the long-term health of our forests, our wildlife, and our waterways.
3. Our efforts must be, insofar as we are wise enough to know it, scientifically sound, ecologically credible, and legally responsible.
4. The plan should produce a predictable and sustainable level of timber sales and nontimber resources that will not degrade or destroy the environment.
5. To achieve these goals, the federal agencies will work together in collaboration, not
confrontation.

A team of agency scientists was formed, including the author, to produce the ecosystembased FEMAT plan (THOMAS et al. 1993). It was the first time the two largest federal land
management agencies, the Bureau of Land Management and the U.S. Forest Service, developed and adopted a common management approach throughout an entire ecological
region. The final management direction of FEMAT consists of extensive standards and
guidelines, including land allocations, that comprise a comprehensive ecosystem management strategy. The conservation measures included in this strategy are based upon
available scientific information. They attempt to anticipate and forestall future environmental problems, and avoid severe economic dislocation and legal gridlock that occur
when environmental problems are ignored.
The geographic area addressed by FEMAT is the range of the northern spotted owl,
since this species was the focus of controversy. This area includes the states of California,
Oregon and Washington (Fig. 1). The area is divided into 12 physiographic provinces based on differences in vegetation, soils, geologic history, climate, and political boundaries
(Fig. 2). The dominant tree species include Pseudotsuga menziesii, Tsuga heterophylla,
Picea sitchensis, Thuja plicata and Abies grandis, which in various associations may be referred to as temperate rainforests.
In the plan, the term late-successional forest includes all forests in which the dominant
overstory trees are at least 80 years old, including old-growth forests. An old-growth forest is defined as a forest stand at least 180-220 years old with moderate to high canopy
closure, a multilayered, multispecies canopy dominated by large overstory trees, a high
incidence of large trees, some with broken tops and other indications of old decaying
wood (decadence), numerous large snags, and accumulation of wood, including large
logs, on the ground.
Lichens are well documented components of old-growth forests both in the Pacific
Northwest and other parts of the world (DENISON 1973, RosE and WOLSELEY 1984,
BROAD 1989, GOWARD 1992, ESSEN et al. 1992, MCCUNE 1993). The rich lichen flora of
the Pacific Northwest is documented by PIKE (1978) and PIKE et al. (1975). The functional role of these lichens, especially the nitrogen-fixing species, is a concern in maintaining the integrity of the Pacific Northwest forests (DENISON 1973, PIKE 1978). The
management plan (MASER and TRAPPE 1984, HAYWARD and ROSENTRETER 1994) treats
lichens as functional groups or "guilds" rather than as individual species including their
role in the food chain. Managing for each plant and animal species individually is an impossible task. However, biodiversity can be promoted by maintaining the habitats and
structural diversity in which the various lichen guilds occur.
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Fig. 1. The geographic area addressed by the Forest Ecosystem Management Team (FEMAT)
plan.

Many of the lichen species addressed here are cosmopolitan, yet have experienced
marked declines or extirpation in many parts of Europe and eastern North America
(ROSE and WOLSELEY 1984, ROSE 1988, OLSEN and GAUSLAA 1991). The extirpation and
drastic decline of these species has been attributed to both forestry practices and air quality degradation (ALSTRUP and S0CHTING 1989, BROAD 1989). Old-growth forest fragmentation in the Pacific Northwest is a problem for lichens and many other organisms
(HARRIS 1984). Some lichens, particularly the nitrogen-fixing species, do not become
established until forest stands are several hundred years old (GOWARD 1992, MCCUNE
1993). Many species have limited dispersal capabilities and are unable to move far from
the parent plant. Old-growth stands that are widely distributed geographically may be critical to the survival and persistence of these species in the ecosystem. Landscape-level
rather than stand-level planning is necessary to conserve lichen diversity in the temperate
rainforest ecosystem. The preferred option of the FEMAT plan requires that lichen diversity be maintained and recommends forest management guidelines to achieve this goal.
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Fig. 2. The physiographic provinces within the Forest Ecosystem Management Team (FEMAT)
study area. 1 Olympic Peninsula, 2 Western Lowlands, 3 Western Cascades, 4 Eastern Cascades,
5 Oregon Western Cascades, 6 Oregon Eastern Cascades, 7 Oregon Coast Range, 8 Willamette
Valley, 9 Oregon Klamath, 10 California Klamath, 11 California Coast Range, 12 California Cascades.

2 Methods
The following methods were used to evaluate the forest planning options for this geographic area. The first step in the development of the ecosystem plan for lichens was the
identification of species closely associated with late-successional Pacific Northwest forests. To identify these species, publications and lichen experts from the region were con106
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sulted. Once the list was produced the effect of ten proposed management options or
alternatives on species habitat and viability could be rated. The outcome ratings were an
assessment of the likelihood of maintaining species viability, defined as the "continued
persistence of the species population widely distributed throughout its historical range on
federal lands within the geographic range of the northern spotted owl over the next 100
years." One hundred and fifty-seven lichen species were included in the assessment (see
list) (THOMAS et al. 1993). Nomenclature follows EGAN (1987).
Experts were selected from universities, the private sector, and agency management
and research branches based on their technical expertise with the taxa, ecological understanding of habitat requirements, and availability to attend meetings. The experts advised the team, which made the final judgement about viability effects.
Lichen species were divided into 12 functional groups based on ecological relationships; some groups were further subdivided by rarity to produce 16 groups. Seven species
were not rated because of uncertainty about their biology or distribution. The effect of
each management option on each functional lichen group was rated by the experts. The
use of functional groups helped to focus and simplify the task of rating and managing for
so many species.
An outcome-based scale was used to assess the likelihood that a habitat would support
a given functional group. The scale developed represents the range of possible trends and
future condition of habitat on federal lands.
Description of the outcomes used for rating the level of habitat support for populations in the Forest Ecosystem Management Team (FEMAT) plan.

Outcome A. Habitat is of sufficient quality, distribution, and abundance to allow the species
population to stabilize; it is widely distributed across federal lands. (Note that the concept of
adequate distribution must be based on knowledge of the species distribution, range, and life
history.)
Outcome B. Habitat is of sufficient quality, distribution, and abundance to allow the species
population to stabilize, but with significant gaps in the species' historic distribution on federal land.
These gaps cause some limitation in interactions among local populations. (Note that the significance of gaps must be judged relative to the species distribution, range, and life history, and the
concept of metapopulations.)
Outcome C. Habitat only allows continued species existence in refugia, with strong limitations on
interactions among local populations.
Outcome D. Habitat conditions result in species extirpation from federal land.

Experts assigned 100 "likelihood votes" (or points) across the four outcomes in the scale.
Maps of the ten options, overlays of key watersheds, and summary tables comparing the
options were referred to as the experts predicted the likely outcomes. Figure 3 illustrates
the factors that were considered to affect a functional group's (species') population trend
and distribution. Higher ratings (or more points) imply higher viability outcomes for the
functional species group. This method worked well but only as a relative scale among the
different options.
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Fig. 3. Factors that affect a species' population trend and distribution. Factors encircled with the
dashed line were the focus of the species' habitat assessments in the Forest Ecosystem Management Team (FEMAT) plan.

2.1 Lichen functional groups

Members of a functional group are similar in their ecological functions and requirements,
may be similar morphologically, and are often taxonomically related (see list). The eleven functional groups are:
Forage lichens (Alectoroid): Pendant lichens on limbs and boles of trees or snags, including Alectoria, Bryoria, Usnea, and allied genera. These lichens are an important forage
source for small forest mammals and ungulates, especially during the winter (MASER and
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TRAPPE 1984, HAYWARD and RosENTRETER 1994). Many of these species are more common and abundant in well-lit montane forests (BRODO and HAWKSWORTH 1977).
Arboreal leafy lichens: Short, tufted or flat, leaf-like species found on tree boles, small
branches, and twigs, including the genera Cetraria (Tuckermannopsis), Hypogymnia, Parmelia, and Platismatia. Some related species are common on forest trees at any successional stage and some are pollution tolerant. Air quality can be determined by
evaluating the species present.
Nitrogen-fixing lichens (Cyanolichens): Medium to large, lettuce-shaped lichens,
including the genera Nephroma, Pannaria, Peltigera, Pseudocyphellaria, and Sticta.
These lichens contain cyanobacteria (blue-green algae), which fix atmospheric nitrogen. Their addition of nitrogen to the forest ecosystem is significant (DENISON 1973,
PIKE 1978). They are also critical components in the food-chain for many invertebrates.
Many of these lichens do not enter forest stands until late successional stages, and
become more frequent or abundant in old-growth conifer forests only after 200 years
(MCCUNE 1993).
Pin lichens (Caliciales): These diminutive lichens resemble small pins arising from a bed
of green algae. They are inconspicuous but their association with late-successional and
old-growth forests is well documented (ROSE 1992). Many different genera comprise this
group (Calicium, Chaenotheca, Cyphelium, Stenocybe), which occur in sheltered high
humidity microsites, often on the side of large leaning trees (TIBELL 1980). Pin lichens are
substrate specific.
Decaying wood lichens: This group includes eight species found only on decaying wood
in various decay classes. This group includes species in the genus Cladonia, Icmadophila,
and Xylographa.
Tree bole lichens: This diverse group of lichens includes 14 species that occur on the base
and boles of trees or snags, including some crustose species. Several genera are represented, including Buellia, Mycoblastus, Ochrolechia, and Parmeliopsis.
Soil occurring lichens: This group of lichens includes eight species that are restricted to
growing on soil, protecting the forest floor from surface erosion. The relatively fast-growing genus Peltigera makes up the bulk of this group.
Rock lichens: This group of six macrolichens occur on rocks in shaded, ameliorated climatic conditions maintained by old-growth forest canopies. Genera include Leptogium,
Pilophorus, Psoroma, and Sticta.
Riparian lichens: This group includes nine species from trees associated with lake edges
or streambanks. The increased humidity and hardwood component within riparian areas
appear critical to the distribution of these species. This group includes medium to large
pendant lichens, some gelatinous, and some flat, leaf-like lichens that become locally
abundant and are usually conspicuous.
Mitt. Eidgenoss. Forsch.anst. Wald Schnee Landsch. 70, 1 (1995)

109

Aquatic lichens: The three species in this group are truly aquatic and, unlike most other
lichens, will die if desiccated. They are found on rocks in streams and create conditions
that enhance aquatic invertebrate populations. These species are good indicators of water quality and constancy of flow levels.
Oceanic influenced lichens: This morphologically diverse and unique group includes 16
species that occur on mature trees within one kilometer of the Pacific Ocean. Frequent
fog along the coast, combined with moderate temperatures, create a unique environment
for these species.

Lichen species closely associated with late-successional forests within the range of the
northern spotted owl, arranged by functional ecological groups.
*endemic to the Pacific Northwest or North America.
Sphaerophorus globosus
*Tuckermannopsis pallidula

Rare forage lichen (arboreal)
*Bryoria tortuosa

Rare nitrogen-fixing lichens (6 species)
Dendriscocaulon intricatulum
Lobaria hallii
Lobaria linita
*Nephroma occultum
Pannaria rubiginosa
*Pseudocyphellaria rainierensis

Forage lichens (arboreal) (10 species)
Alectoria lata
Alectoria sannentosa
*Alectoria vancouverensis
Bryoria capillaris
Bryoria friabilis
Bryoria glabra
*Bryoria pikei
*Bryoria pseudofuscescens
Usnea filipendula
Usnea scabrata
Rare leafy (arboreal) lichens (2 species)
*Hypogymnia duplicata
Tholurna dissimilis
Arboreal leafy lichens (17 species)
*Ahtiana sphaerosporella
Cavernularia hultenii
Cavernularia lophyrea
*Cetraria subalpina
*Hypogymnia metaphysodes
*Hypogymnia rugosa
Melanelia subelegantula
Parmelia kerguelensis
Parmelia squarrosa
Parmotrema arnoldii
Parmotrema chinense
Parmotrema crinitum
*Platismatia herrei
Platismatia norvegica
*Platismatia stenophylla

110

Nitrogen-fixing lichens (20 species)
*Lobaria oregana
Lobaria pulmonaria
Lobaria scrobiculata
Nephroma bellum
Nephroma helveticum
Nephroma laevigatum
Nephroma parile
Nephroma resupinatum
Pannaria leucostictoides
Pannaria mediterranea
Pannaria saubinetii
Peltigera collina
Peltigera neckeri
*Peltigera pacifica
*Pseudocyphellaria anomala
*Pseudocyphellaria anthraspis
Pseudocyphellaria crocata
*Sticta beauvoisii
Sticta fuliginosa
Sticta limbata
Pin lichens (16 species)
Calicium abietinum
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Calicium adaequatum
Calicium adspersum
Calicium glaucellum
Calicium viride
Chaenotheca brunneola
Chaenotheca chrysocephala
Chaenotheca ferruginea
Chaenotheca furfuracea
Chaenotheca subroscida
Chaenothecopis pusilla
Cyphelium inquinans
Microcalicium arenarium
Mycocalicium subtile
*Stenocybe clavata
Stenocybe major
Decaying wood lichens (8 species)
Cladonia bacillaris
Cladonia bellidiflora
Cladonia cenotea
Cladonia macilenta
Cladonia umbricola
lcmadophila ericetorum
Xylographa abietina
Xylographa vitiligo
Tree bole lichens (14 species)
Buellia penichra
Dimerella lutea
Dimerella pineti
Hypocenomyce friesii
Lecanactis megaspora
Lopadium pezizaideum
Mycoblastus alpinus
Mycoblastus sanguinarius
Ochrolechia androgyna
Ochrolechia oregonensis
Parmeliopsis hyperopta
Pertusaria amara
Protoparmelia ochrococca
Thelotrema lepadinum
Soil occurring_lichens (8 species)
Baeomyces rufus
Epilichen scabrosus
*Pannaria cyanolepra
Pannaria pezizaides
Peltigera horizontalis
Peltigera leucophlebia
Peltigera neopolydactyla
Peltigera venosa

Rare rock lichens (2 species)
Pilophorus nigricaulis
Sticta arctica
Rock lichens (4 species)
Leptogium gelatinosum
Pilophorus acicularis
Pilophorus clavatus
Psoroma hypnorum
Riparian lichens (9 species)
Cetrelia cetrarioides
Collema nigrescens
Leptogium burnetiae var. hirsutum
Leptogium cyanescens
Leptogium saturninum
Leptogium teretiusculum
Platismatia lacunosa
Ramalina thrausta
Usnea longissima
Aquatic lichens (3 species)
Dermatocarpon luridum
*Hydrothyria venosa
Leptogium rivale
Rare oceanic influenced lichens (12 species)
*Bryoria pseudocapillaris
*Bryoria spiralifera
Bryoria subcana
*Buellia oidalea
Erioderma sorediatum
*Hypogymnia oceanica
Leioderma sorediatum
*Niebla cephalota
Pseudocyphellaria mougeotiana
Teloschistes flavicans
Usnea hesperina
Oceanic influenced lichens (4 species)
*Cetraria californica
Heterodermia leucomelos
*Loxospora sp nov. (Brodo in edit)
Pyrrhospora quernea
Species not rated (7 species)
Cladonia norvegica
*Heterodermia sitchensis
Hyptogymnia vittata
Hypotrachyna revoluta
*Nephroma isidiosum
Ramalina pollinaria
*Sulcaria badia
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3 Results
The following strategies and recommendations for dealing with the various functional
groups have been approved by the federal land management agencies and are being implemented in the Northwestern U.S.A.

3.1 General land allocations

The predicted species viability outcomes for lichens was correlated with: the amount of
hectares in late-successional reserves, the stand treatments within the matrix (managed
forest), and the hectares protected in riparian reserve corridors. Species viability ratings
were higher in the management options with more hectares in late-successional reserves
(THOMAS et al. 1993). The sizing, spacing, and silvicultural activities allowed in reserves
varied among the ten options. The size of the reserves varied from 1.7 to 4.6 million hectares. Some rare lichen species have narrow geographic ranges and occur only in specialized habitats. Groups dominated by these rarer species rated much lower than the other
groups. The management options did not specifically address the concerns of species occurring in special habitats, which include geologic sites, refugia from fire, oceanic dune
deflation plains, waterfalls, and river gorges. Many of these special habitats occur as rare
combinations of abiotic and biotic conditions such as specific tree species in the fog zone
of a waterfall at low elevations. These special habitats need to be addressed at the local
level and were not mapped for the large scale assessment. Additional specific standards
and guidelines will address the conservation of special habitats.
Of the 10 million hectares of federal land in the planning area, approximately 30% has
previously been set aside by congress as national parks or wilderness areas. The prefered alternative (option #9), which encompasses the remaining 70% of the area, includes a
large number of late-successional reserves (30% ), matrix (managed) forests (16% ), riparian reserve corridors (11 % ), administratively withdrawn areas (6% ), adaptive management areas (experimental managed forest) (6% ), and managed late-successional areas
(1 % ). Standards and guidelines for each land allocation provide a coordinated ecosystem
management approach. Although certain thinning and salvage activities are allowed in
the reserves, programmed timber harvest only occurs on land designated as matrix or
adaptive management areas (total of 22% ), and only in compliance with standards and
guidelines designed to achieve conservation objectives.

3.2 Survey and management strategies

The need for protection and conservation of lichens and other forest species in reserves
is obvious. The protection or maintenance of lichens in the timber harvesting areas is
more complex and multi-staged. Within the timber harvest areas, survey and management strategies were identified requiring land managers to take certain protective actions
for rare organisms, particularly amphibians, bryophytes, lichens, mollusks, vascular
plants, fungi, and arthropods (Anonymous 1994a). These include: 1) managing known
sites of rare organisms; 2) surveying for the presence of rare organisms prior to ground112
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disturbing activities; 3) conducting surveys to identify locations and habitats of rare
species; and 4) conducting general regional surveys for rare and some common but
critical species. The survey and management strategies, described below (also see Tab.
1), allow an implementation time for completing the necessary survey work (Anonymous 1994b ).
Strategy #1- Manage known sites. Management of known rare species' sites will receive
the highest priority of these four categories. All known sites of rare species will be protected and managed. This standard will be implemented within one year for those species so marked in Table 1. Harvest activities implemented in 1995 and later must include
provisions for these species. In most cases, the appropriate action will be protection of relatively small sites, on the order of tens of hectares.
Strategy #2 - Survey prior to ground-disturbing activities. This strategy is only required
for three of the species (Table 1). Measures to survey for species and manage newly discovered sites will be phased-in over a somewhat longer timescale than the measures
specified for currently known sites.
Strategy #3 - Extensive surveys. Extensive surveys will be conducted to find high priority
sites for protection of the species. Specific surveys prior to ground-disturbing activities
are not a requirement. Rather, surveys will be done according to a schedule that is most
efficient, and protection sites will be identified at that time. This strategy is primarily for
rare species whose characteristics make site and time-specific surveys difficult. Broad surveys for these species will most efficiently be done during times of appropriate conditions
rather than attempting more narrow site-specific surveys. Surveys under this strategy will
be underway by 1996.
Strategy #4 - General regional surveys. The objective is to survey for these species to acquire additional information and to determine necessary levels of protection. Species intended to benefit from this strategy are those that are poorly known. Only general information is presently available on their abundance and distribution. These general regional
surveys will be initiated by 1996 and will be completed by 2006.
Annual status reports summarizing the results of the four strategies will be submitted to
the Regional Ecosystem Office beginning in 1995. As information on species is accumulated, the transition from one strategy to another, or removal from the list if the status is
more secure than originally projected, can be proposed. The Regional Ecosystem Office
reviews such proposals and makes recommendations to the Regional Interagency
Executive Committee for appropriate action.
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Table 1. Species to be protected through survey and manage standards and guidelines in option #9
of the Forest Ecosystem Management Team (FEMAT) plan. Each of the four survey strategies is
described in the text. Survey strategies: 1 = manage known sites by providing protection for these
sites; 2 = survey prior to ground disturbing activities for rare species and protect and manage sites
where rare species are found; 3 = conduct extensive surveys for specific rare species and manage
sites; 4 = conduct general regional surveys for more common and some poorly known but functionally critical species to determine how to manage these species.

Species

Survey strategies

1
Rare forage lichen
Bryoria tortuosa

X

Rare leafy (arboreal) lichens
Hypogymnia duplicata
Tholurna dissimilis

X
X

Rare nitrogen-fixing lichens
Dendriscocaulon intricatulum
Lobaria hallii
Lobaria linita
Nephroma occultum
Pannaria rubiginosa
Pseudocyphellaria rainierensis

X
X
X
X
X
X

Nitrogen-fixing lichens
Lobaria oregana
Lobaria pulmonaria
Lobaria scrobiculata
Nephroma bellum
Nephroma helveticum
Nephroma laevigatum
Nephroma parile
Nephroma resupinatum
Pannaria leucostictoides
Pannaria mediterranea
Pannaria saubinetii
Peltigera collina
Peltigera neckeri
Peltigera pacifica
Pseudocyphellaria anomala
Pseudocyphellaria anthraspis
Pseudocyphellaria crocata
Sticta beauvoisii
Sticta fuliginosa
Sticta limbata
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2

3

4

X

X

X

X

X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 1. Continued.
Survey strategies

Species
1

2

3

Pin lichens
Calicium abietinum
Calicium adaequatum
Calicium adspersum
Calicium glaucellum
Calicium viride
Chaenotheca brunneola
Chaenotheca chrysocephala
Chaenotheca ferruginea
Chaenotheca furfuracea
Chaenotheca subroscida
Chaenothecopis pusilla
Cyphelium inquinans
Microcalicium arenarium
Mycocalicium subtile
Stenocybe clavata
Stenocybe major
Rare rock lichens
Pilophorus nigricaulis
Sticta arctica

4

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X
X

Riparian lichens
Cetrelia cetrarioides
Collema nigrescens
Leptogium burnetiae var. hirsutum
Leptogium cyanescens
Leptogium saturninum
Leptogium teretiusculum
Platismatia lacunosa
Ramalina thrausta
Usnea longissima

X
X
X
X
X
X
X
X
X

Aquatic lichens
Dermatocarpon luridum
Hydrothyria venosa
Leptogium rivale

X
X
X

X
X
X

Rare oceanic influenced lichens
Bryoria pseudocapillaris
Bryoria spiralifera
Bryoria subcana
Buellia oidalea
Erioderma sorediatum

X
X
X
X
X

X
X
X
X
X

Mitt. Eidgentiss. Forsch.anst. Wald Schnee Landsch. 70, 1 (1995)

115

Table 1. Continued.
Species

Survey strategies

1
Hypogymnia oceanica
Leioderma sorediatum
Leptogium brebissonii
Niebla cephalota
Pseudocyphellaria mougeotiana
Teloschistes flavicans
Usnea hesperina
Oceanic influenced lichens
Cetraria californica
Heterodermia leucomelos
Loxospora sp nov. "corallifera"
(Broda in edit)
Pyrrhospora quernea

2

3

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X
X

X
X

X
X

X
X

Additional lichen species
Cladonia norvegica
Heterodermia sitchensis
Hygomnia vittiata
Hypotrachyna revoluta
Ramalina pollinaria
Nephroma isidiosum

4

X
X
X
X
X
X

3.3 General standards and guidelines for timber harvesting

In addition to the survey and management strategies, the following seven standards and
guidelines have been identified for timber harvest areas to ensure long-term protection
and maintenance of lichens and other organisms.

3.3.1 Retention of fifteen percent old-growth fragments

The distribution of old-growth stands is an important component of ecosystem diversity
that plays a significant role in providing biological and structural diversity across the landscape. Isolated remnant old-growth patches are ecologically significant as refugia for a
host of old-growth associated lichens, particularly those with limited dispersal capabilities. For example, Lobaria oregana normally reproduces by large fragments (lobulate
margins); reproduction by spores appears to be less common. Forest remnants function
as refugia where old-growth associated species can persist until conditions become suitable for their dispersal into adjacent stands. It is prudent to retain this old age class with116
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in landscapes where it is currently very limited. This will ensure future options for management and enhancement of the diversity within developing stands.
Landscapes where few late-successional forests persist should be managed to retain
late-successional patches. This standard and guideline will be applied in "fifth field
watersheds" (8-80 square hectares) (USGS 1975, SEABER et al. 1987). "Fifth field"
describes a hydrologic unit. This guideline applies if federal forest lands are comprised of
15 percent or less late-successional forest.

3.3.2 Retention trees

For all lands within the matrix, retain uncut at least 15 percent of the area associated with
each cutting unit (stand) except within the Oregon Coast Range and Olympic Peninsula
Provinces (Fig. 2). Exceptions are made for these provinces because extensive riparian
protection corridors provide substantial retention. This limitation does not apply to intermediate harvests (thinnings) in even-age young stands because leaving untreated portions
of young stands would retard stand development and be detrimental to the objective of
creating late-successional patches. This level of retention (15 percent plus the riparian corridor reserve) was reached as a compromise between the maximum harvest of timber and
the minimum stand legacy needed to sustain ecosystem functions (FRANKLIN 1992). It is based on the professional judgement and field experince among the FEMAT team members.
For many organisms, including lichens, the benefits will be greatest if trees are retained
in clumps rather than singly (CHEN et al. 1993, SILLETI 1994). Clumps should generally be
larger than one hectare (CHEN et al. 1993), as small clumps or single isolated trees do not
provide suitable microclimates for many of these organisms. While there is little scientific
evidence to support the concept that tree clump retention benefits forest epiphytes, both
field observations and the known physiological requirements of the epiphytes support it
(FRANKLIN 1992). Although many lichen species will benefit from tree clump retention,
other biota such as terrestrial woodpeckers may be favored by single tree retention. As
a compromise between the two spacial methods of retention, a general guide was accepted that 70 percent of the total retention area should be clumps of 0.2 to 1 hectare or more
with the remainder as dispersed individual trees (FRANKLIN 1992). Larger clumps may be
particularly important where adjacent areas have little late-successional habitat. To the
extent possible, clumped and dispersed retention should include the largest, oldest live
trees, decadent or leaning trees, and the hardest snags in the cutting unit. Retention
clumps should be protected for multiple rotations to provide habitat for species requiring
very old forests. Retention of mature green trees on ridgelines is recommended to optimize lichen dispersal and fog interception.

3.3.3 Snags

Snags are dead or partially dead trees at least 240 cm in diameter at breast height and two
meters tall. As a minimum, snags will be retained within the harvest unit at levels sufficient to support species of cavity-nesting birds at 40 percent of potential population levels based on published guidelines and models (BULL et al. 1986). To the extent possible,
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snag management within harvest units should occur within the areas of green-tree retention. Snags within the green-tree retention clumps will provide conditions suitable for the
continued existence of arboreal lichens and will protect these snags from blowdown.

3.4 Coarse woody debris

Retaining coarse woody debris within a forest patch will ensure that the appropriate
microclimate for lichens, bryophytes, fungi, and forest animals dependent on this substrate is available. The objective is to provide a renewable supply of large logs well distributed across the landscape. In general, 30 linear meters of logs per hectare greater than
or equal to 50 centimeters in diameter should be left (MASER and TRAPPE 1984). Logs
less than 6 meters in length cannot be credited toward this total. Decay class 1 and 2 logs
can be counted towards these totals (MASER and TRAPPE 1984). Logs should reflect the
species mix of the original stand. Coarse woody debris already on the ground should be
retained and protected from disturbance during harvesting ( e.g. slash burning and yarding which is the movement of logs from the stump to a central area), which might otherwise destroy the integrity of the substrate. Logs should be left within forest clumps under
green-tree retention guidelines to provide the appropriate microclimate for organisms
that use this substrate, such as decaying wood lichens and bryophytes.

3.5 Riparian reserves

Riparian reserves are protected riparian corridors along streams. Riparian reserve widths
were determined based on the benefits afforded by coarse woody debris (CWD) entering the stream and enhancing streambank stability. They were not based specifically on
forest epiphyte needs. These corridors primarily benefit hardwood-occurring epiphytic lichen and moss species. The initial riparian reserves and their corridor widths are: 1) fishbearing streams, lakes and natural ponds - the areas on each side of the stream equal to
the height of two site potential trees, or 91 meters slope distance, whichever is greater;
2) permanently flowing nonfish-bearing streams, and reservoirs - one site potential tree,
or 46 meters slope distance, whichever is greater; and 3) seasonally flowing or intermittent streams - one site potential tree or 30 meters slope distance, whichever is greater.
These widths may be modified following a watershed analysis (THOMAS et al. 1993).

3.6 Promote hardwoods

Hardwoods are promoted at the same species mix and abundance as before harvest,
rather than favoring only conifer regeneration, as in the past. Hardwoods support certain
epiphytic lichens and mosses better than conifers (EssEEN et al. 1992, KuusINEN 1994).
Hardwoods also enhance epiphyte growth on surrounding trees by increasing moisture
and light (NEITLICH 1993).
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3.7 Site treatment modification

Many species of soil- and litter-dwelling organisms are sensitive to soil disturbance. Site
treatments will be prescribed which minimize intensive burning, unless appropriate for
certain habitats, communities or stand conditions. Prescribed fires should minimize the
consumption of litter and coarse woody debris, and yarding of logs and heavy equipment
operation should minimize soil and litter disturbance. The intensity and frequency of soil
and litter disturbance in a stand will be minimized to avoid soil compaction and removal
of humus layers and coarse woody debris.

4 Discussion
In the past, most federal lands included in the FEMAT plan were managed for multiple
uses, often leading to management conflicts and declining biological diversity. FEMAT
attempts to distinguish the type of management and goals for a given parcel of land while
it increases the amount of land managed for late-successional forest cover. The plan recognizes the ecological role of many lichen species in the forest and addresses their needs
by identifying specific survey strategies and management standards and guidelines.
The slow growth rates and long periods required for some old-growth associated lichens to colonize stands, emphasizes the considerable importance of existing old-growth
fragments and old trees within younger stands of trees. The "late-successional" forests
are not adequate for the continued existence of old-growth associated lichen species if
stands are to be harvested at 80 year intervals (MCCUNE 1993). Without the "legacy" provided by old-growth trees supporting a rich epiphytic lichen flora, regenerating forests
will not support many lichen species even as they mature into stands suitable for the
growth of these species. Lichen diaspores must disperse into the regenerating stands for
initial establishment. Without some lichen legacy ( ecological continuity), the old-growth
associated lichen species will not be maintained in a forest stand (ROSE and WOLSELEY
1984).
Lichen diversity in managed forests is dependent on the timber harvest methods used.
Harvest methods include clear-cutting, unit area control, gap cutting, partial cutting, thinning, and single tree selection. Partial cutting would be the preferred method for maintaining lichen diversity since the lichen legacy along with climatic conditions would be retained in the stand (Fig. 4). Maintaining a lichen-rich clump of old-growth forest to serve
as lichen "seed trees" is another method of maintaining lichen biodiversity and is much
preferred over the traditional clear-cutting and general lack of consideration for the
epiphytic lichen flora.
The primary mitigation measures in the FEMAT plan that benefit lichens in managed
forests are the green-tree retention prescriptions and the provision for a well-distributed
network of old-growth forests throughout the landscape. Clumping retention trees in
managed forests will moderate climatic factors and provide a variety of microclimates to
enhance the survival of many lichen species. The retention of clumps within small modified clear-cuts allows for economic harvesting, natural regeneration of a stand, and the
retention of many plant and animal species within a given stand.
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Fig. 4. Forest structure following different harvest techniques: (A) natural recovery following a
moderate intensity disturbance such as wildfire or windstorm; (B) with intensive management for
timber production, the early seral stages are shortened, and the late-seral stages with their associated structural features are eliminated; (C) a partial cut thins the forests and changes the structural features similar to natural, moderate intensity disturbances.
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These clumps may need some measure of protection from edge-related mortality. Topography, natural breaks, ridges and aspects will play a role in the prescription. If high
risk of mortality from wind or other sources is anticipated, the prescription should address minimizing losses from the clump by extending a feathering or partial cutting outside the core retention zone. The goal is to slow or deflect wind as it hits the edge created by harvesting.
Retention trees should be the big, old trees with large lateral branches and trees with
emergent crowns. Maintaining the same leave trees over several harvest rotations is important. What we leave, not what we take, is important for the ecological continuity of a
forest. Traditionally, foresters marked the trees for cutting in a stand. The FEMAT guidelines direct foresters to mark individual trees and clumps of trees for retention within the
harvest unit.
To maintain populations of nitrogen-fixing lichens, clumps rather than single retention
trees are required. Unpublished data suggests that from 10-20% of single retention trees
may blow down. NEITLICH (1993) found that nitrogen-fixing lichens are sparse on oldgrowth trees whose neighbors have been removed. For some species of Lobaria and Pseudocyphellaria, studies have demonstrated that lichens transplanted from interior forests
to the forest edge lose weight after one year (SILLETT 1994). This suggests that exposure
of unacclimated lichens to the harsher conditions of an edge environment results in poor
growth and high mortality.
Pin lichens require special considerations to maintain them in managed forests. Selecting retention trees that are asymmetrical, leaning or irregular in their growth form, is
critical for the pin lichens. Leaning trees can only be retained safely by clumping the
retention trees. Leaning trees and exposed but sheltered root masses are also suitable
substrate for these species. Retention of large coarse woody material will also benefit the
pin lichens.
The FEMAT plan requires the protection of special habitats such as rock talus, monoliths, and rock piles containing rare lichen species. These special habitats are considered
the "core area" and a zone of influence should also be determined. The size, shape and
management actions in the zone of influence will dictate the prescription for a buffer, if
necessary. Generally, buffering special habitats with a "halo" of trees at least one tree
height in width maintains the appropriate shade and microclimate for mosses and lichens.
Any greater width may enhance the climatic conditions but would not directly shade the
core area. Similar to retention tree clumps, the edges may need to be feathered to prevent blowdown.
The riparian reserves provide greatly improved habitat conditions for both aquatic
and riparian lichen species. Water quality in forested streams is important to maintain
healthy populations of these species. Aquatic lichens are negatively affected by
any type of water pollution. For example, Hydrothria venosa is very sensitive to
stream sediment. Reintroduction of Hydrothyria to restored stream courses where it
historically existed could be attempted by transplanting colonized rocks. The riparian
reserves serve as dispersal corridors for many animal species and as centers of dispersal
for lichen species. These reserves will greatly enhance populations of the riparian lichen
species.
Hardwoods often have a different textural and chemical composition than conifers,
and are preferred substrates for some lichen species (KuusINEN 1994). Hardwoods proMitt. Eidgenoss. Forsch.anst. Wald Schnee Landsch. 70, 1 (1995)
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vide shade in the hot dry summers and allow frequent wetting and drying in the cool moist
winter climate of the Pacific Northwest (MCCUNE and ANTOS 1981).
A diversity of tree species should be selected for green tree retention and regeneration. Limiting the use of herbicides after timber harvesting will help stabilize and enrich
the soil surface and prevent the destruction of soil- and decaying wood-occurring
lichens. Herbicides may also deplete the remaining epiphytic lichens on the retention
trees.
In addition to timber harvesting, commercial moss and lichen harvesting, also referred
to as secondary forest products, has become a significant industry in the Pacific Northwest
and may represent a serious threat to epiphytes, especially in coastal and riparian areas.
This industry must be monitored and regulated to preserve riparian and other lichen
species. Studies should address the effect of harvesting on mosses and riparian and nitrogen-fixing lichen species before continuing to allow their harvest.

5 Conclusion and summary
The conservation of Pacific Northwest lichens is part of a landscape level plan to conserve
all forest associated species. Conservation management plans developed at this level
must insure that landscape level biological and functional processes are addressed in addition to the local or site level preservation of special habitats and rare species. Some conservation measures that benefit one group of species also benefit other unrelated groups
(or guilds) of plants or animals. In forest ecosystems, retention of species and structure
provides the legacy that benefits many groups of species.
Some of the major conservation actions required by the FEMAT plan are to:
1) Manage and survey for rare species.
2) Retain 15% old-growth forests within each watershed.
3) Retain 15% of the trees within each cutting unit.
4) Retain green trees in clumps.
5) Retain the largest and oldest trees.
6) Retain snags.
7) Retain coarse woody debris.
8) Promote hardwoods.
9) Retain extensive riparian corridor reserves.
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