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What exactly is “ecosystem management™? Simply put, it is a holistic approach to
managing land. It is based on understanding and maintaining the components (for
example, species), interactions (for example, food webs), and processes (biological,
chemical, and physical) of ecological systems, while simultaneously producing products
and services for society. As applied to Federal forests in the United States, a goal of
ecosystem management is full implementation of forest management directives found
in Federal legislation. (For a concise review of pertinent laws, see Cubbage and others
1993: 528-539.) Previous efforts to implement this body of legisiation have been
challenged repeatedly with administrative appeals, lawsuits, and laws that preclude
judicial review. Nevertheless, their basic tenants are widely accepted among scientists,
managers, and the general public: namely, public forests should provide a wide variety
of amenities and uses in perpetuity.

In recent decades, the public has demanded a broader spectrum of recreational
opportunities and commercial goods from public forests. Concurrently, scientists have
expanded our understanding of the critical role that biological diversity plays in sustain-
ing long-term production of many services and commodities we derive from forest
ecosystems. Fungi are essential functional components of forest ecosystems and
directly provide humans with valued products.

'David Pilz, Randy Molina, and Michael Castellano are with the U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Forestry Sciences Laboratory, 3200 Jefferson Way, Corvallis,
OR 97331; Michael Amaranthus is with the U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station, Grants Pass, OR 97526; and Nancy Weber is with the Department of Forest
Science, Oregon State University, Corvallis, OR 97331.
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Conserving Diversity

In this chapter, we briefly describe the following principles of ecosystem management
and illustrate them with examples of managing forest fungi:

« Conserving diversity is essential to sustaining ecosystem productivity

- Management must account for the dynamic nature of ecosystems

» Ecosystem processes must be managed across multiple scales and land ownerships
- People are an integral part of ecosystems and their successful management

» Adaptive management requires continuous monitoring and research

These principles are excerpted from recent publications that discuss in detail the
meaning of ecosystem management and its application to public forests (Bormann and
others 1994, Jensen and Everett 1994, Kaufmann and others 1994, Marcot and others
1994, Moote and others 1994, Overbay 1992). After discussing examples of how these
principles relate to forest fungi, we examine methods for integrating the management of
forest fungi into the larger context of ecosystem management.

An underlying premise of efforts to preserve diversity is the recognition that we cannot
know all the functional roles each organism, population, or species has in an ecosys-
tem. In many cases, their importance is clear and their functions invaluable, but
scientists are continually surprised with discoveries about the significance of unusual,
obscure, or seemingly minor species. Although species frequently exhibit overlapping
functions in ecosystem processes, a given species can be specially adapted to a
narrow environmental niche, thereby allowing it to function more effectively than
competitors. In ecosystems with diverse biota, numerous species with precise adapta-
tions use the physical environment more efficiently than a few species with imprecise or
general adaptations, thus enhancing ecosystem productivity. We are just beginning to
understand how important the diverse fungus community of Pacific Northwest forests is
to the growth of trees and the vast array of other forest organisms.

No officially threatened or endangered fungus species is currently listed on the Federal
Register, but through the Forest Ecosystem Management Assessment Team (FEMAT
1993) process, and in the general mycological community, many fungus species are
considered rare, uncommon, or threatened. Oxyporus nobilissimus was listed with the
Natural Heritage Program in Oregon by John Christy.? In 1994, Joseph Ammirati®
submitted “A preliminary list of uncommon, sensitive, rare, and/or endangered macro-
fungi in Washington State” to the Washington Department of Natural Resources Natural
Heritage Program, but no official action was taken on it. Rare or endangered fungi
need to be listed if they are to be protected within the context of our forestry practices.
Germany, the Netherlands, and Sweden have developed such “red” lists for fungi
whose abundance has declined dramatically (Arnolds 1991, 1992). The list created
from the FEMAT process is a logical starting point, but habitats outside the range of the
northern spotted owl and within other ownerships must be considered when determin-
ing the status of each species

2John Christy, Wetlands and Aquatics Ecologist, Oregon office, The Nature Conservancy, 821 SE 14th
Avenue, Portland, OR 97214.

3Joe Ammirati, head of the Botany Department, University of Washington, Seattle, WA 98195.
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Well-documented species distinctions are requisite to accurate listing and valuable for
managers designing measures to protect rare species. Fungi have complex mating-
compatibility factors, and many are difficult or impossible to culture and mate in vitro;
thus the biological species definition of mating compatibility (with fertile offspring)
within, but not among, species is difficult to verify in most cases. Currently, most
fungus species are predominantly defined by sets of morphological characteristics, but
mycological taxonomists constantly debate meaningful criteria for defining a unique
species and are sometimes referred to as “lumpers” or “splitters,” depending on how
many species they recognize. Molecular techniques of genetic analysis are providing
additional information for resolving some species concepts.

In addition to accurate species distinctions, the process of listing fungi should detail
criteria for determining rareness and assigning threatened status, as well as removing
species from protection lists as new information becomes available or populations
expand. We can adopt much of the process that the native plant societies have used
for vascular plants. A panel of regional experts, using agreed upon criteria, should
annually evaluate species for addition to, or removal from, lists. Information used by
the panel should be widely disseminated, so that managers can judge the importance
of conserving local populations.

Conservation of diversity is important for sustaining the harvest of wild, edible fungi as
well. The wide variety of edible fungi with their individual habitats and fruiting seasons
provides opportunities in the Pacific Northwest to gather mushrooms or truffles through-
out most of the year. Genetic diversity within edible fungus populations likely allows
specific adaptations to local habitats and, consequently, greater sporocarp production
than if fungus populations were genetically uniform. Appropriate management of edible
fungi will require a greater understanding of diversity within and among populations and
the importance of that diversity to survival, reproduction, sporocarp production, and
long-term viability of each species.

All populations of living organisms are influenced by a wide range of factors such as
climate, soil, disturbance processes, other plants and animals, and people. These
factors are unpredictable and fiuctuate in a manner that greatly influences the abun-
dance and distribution of mushroom species and populations. As with all organisms,
local extinctions, invasions, migrations, or successions of mushroom taxa inevitably
occur without any human influence (Groombridge 1992) but can be greatly accelerated
or interrupted by human activities (Arnolds 1991).

Forests change slowly and incrementally as they age. Sporocarp studies suggest that
groups or guilds of ectomycorrhizal fungi shift in composition as forests age (see
citations in study 4), and parasitic and saprobic fungi find more habitat as trees reach
maturity and woody debris increases in a forest (Arnolds 1989). Edible mushrooms
can occur in all stages of coniferous forest stand development; however, edible
ectomycorrhizal species such as chanterelles, matsutake, and boletes occur most
abundantly in mid-successional stages of development.

Forests also change rapidly and dramatically when disturbed by storms, wildfires, or
logging. Disturbance (and the process of recovery from disturbance) is common to all
ecosystems, and fungi have evolved responses. For example, some form




Multiple Scales

ectomycorrhizae with brushy hosts that sprout quickly after logging or a fire that kills
coniferous hosts (Amaranthus and Perry 1989, 1994; Molina and others 1992), thereby
enabling the fungi to persist on the site until new trees become established. While
clearcutting is an efficient means of timber harvest, and mycelial colonies of ectomy-
corrhizal fungi, such as chanterelles, boletes, and matsutakes, could conceivably
persist on a site if new conifer hosts become promptly established, fruiting is likely to be
greatly reduced or eliminated until the new stand accumulates sufficient carbohydrates
from photosynthesis to support sporocarp production. In the southern Cascade Range
of Oregon, chanterelles can be collected in partially harvested stands. Matsutakes
were abundantly produced in some ashfall areas of the Mount St. Helens eruption in
Washington where host trees were not killed (Amaranthus, unpublished data). Some
morel species are known to fruit prolifically in response to disturbances such as fire,
soil movement, or tree mortality. On the other hand, disturbances that differ in type,
frequency, or severity from historical patterns (for example, industrial pollution) may
endanger fungus diversity and sporocarp production by commercial species (Arnolds
1991, Jasen and others 1985).

Managers must characterize the typical dynamics of change for their particular ecosys-
tem and adopt practices that provide sufficient habitat for species to perpetually repro-
duce or migrate. For instance, Rhizopogon exiguus (a species listed in the FEMAT
report [1993]) has been found only in late-successional forests. If, indeed, it depends
on some characteristic of older forest for its existence, then its long-term survival
depends on its ability to colonize new appropriate habitats when its original habitat
changes. Its spores are disseminated by small mammals that rarely wander deep into
new clearcuts, except where they can find sufficient cover from predation under coarse
woody debris. Unless there is significant connectivity among stands of late-succes-
sional forest or their structural components, this fungus may eventually become threat-
ened as remaining patches of old-growth forest inevitably encounter stand-replacement
disturbance events such as fire or logging.

Ecosystem processes occur on various scales from specific habitats to forest stands,
landscapes, and regions. Effective ecosystem management must integrate plans or
activities for a given scale with management considerations for other scales. Ecologi-
cal or geographic boundaries rarely correspond completely with ownership, administra-
tive, or political boundaries, therefore ecosystem management also must operate
across these divisions.

Some species of fungi have very particular habitat needs. Oxyporus nobilissimus, for
instance, occurs only on large-diameter trees, snags, or stumps of Abies species,
especially Abies procera. Continual recruitment of old noble firs is needed for this
fungus to persist.

Likewise, many edible ectomycorrhizal fungi flourish with particular species and ages of
host trees. The American matsutake now fruits abundantly in shore pine (Pinus con-
torta var. contorta) stands planted 40 years ago to stabilize dunes on the Oregon
Coast,* and Korea is the world's largest producer of Japanese matsutake mushrooms
because it has extensive young pine stands that developed after the Korean war.*

“Personal communication. 1993. Dan Segotta, botanist, Oregon Dunes National Recreation Area, Siusiaw
National Forest, Reedsport, OR 97467.

*Personal communication. 1993. Yun Wang, mycologist, Crop and Food Research, Mosgiel, New Zealand.
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