Threads of Continuity

There are immense differences between even-aged silvicultural disturbances (especially
clearcutting) and natural disturbances, such as windthrow, wildfire, and even volcanic
eruptions.
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On May 18, 1980, Mount St. Helens in the Cascade Range of Washington State erupted
caadyamicdly. Thiswasamonumenta disturbance event, the likes of which had not
been seen since western settlement of the region. The eruption began with a massive (2.8
square km) landdide that decapitated the mountain exposing its superhested core. The
ensuing explosion created a 50,000 hectare “blast zong’. Superheated pyroclastic flows
and numerous debris flows or lahars swept down the dopes and vdleys. To the north and
eadt of the mountain, volcanic gectafdl over thousands of square kilometers. The scale,
intengity, and synergy of these disturbances created arich laboratory for the study of
disturbance ecology (1,2).

Scientists expected to encounter a moonscape within the blast zone, aprediction
encouraged by early televison images of a uniformly gray landscape. According to
traditional ecologica theory, recovery would be dow: the sterilized landscape would be
repopulated gradudly by pioneering organisms dispersing into the blasted region. The
pioneers would eventudly mitigate conditions sufficiently to dlow for establishment of
species characterigtic of later successond stages.

The redity of ecologica recovery a Mount St. Helens was very different from these
predictions (1,2). Surviving organisms were present dmost everywhere in incredibly
varied forms and circumstances—e.g., as complete animas and plants, perennating plant
parts, and seed and spore banks protected within the soil and snowbanks. Included were
speciesidentified with al successond states—pioneer to climax—and of dl life forms
and trophic levels. Not dl initid survivors perssted, of course, but many did. The
diversity and abundance of survivors was notably dependent upon the site-pecific
combination of disturbances.

Resdua organic matter provided an abundant energy and nutrient base. Moreover, much
of it wasin the form of large organically derived structures such as snags (Sanding dead
trees) and logs. These structures helped retain the tephra and other sediments, modified
hydrologica processes in the streams, and provided protection for surviving animas.

Organic continuity between pre- and post- disturbance ecosystemns was present almost
everywhere—in rich and varied forms, living and dead. Throughout most of the blast
zone, early ecosystem recovery was dominated by surviving organisms with surprisngly
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high levels of biologica diversity and ecosystem function. Moreover, re-colonization
occurred from multiple foci rather than incrementaly from the margins of the blast zone.
Although migrants have become important, even dominant, components of the blast zone
in the ensuing twenty years, the contributions of the pre-disturbance ecosystem are ill

key.

*k*

The eruption of Mount St. Helens and other recent large disturbance events, such asthe

Y ellowstone Fires of 1988 (3) and Hurricanes Andrew of 1989 (4) and Hugo of 1988 (5)

have substantialy increased our appreciation for the complexity of disturbance and
recovery processes. Disturbances typicaly are described in terms of their type, Size,
intensity, frequency, and spatial heterogeneity. However, from an ecologica perspective
it is severity (impact) of the disturbance that is of grestest interest; and the best measure
of severity may be the biologicd remnants.

Disturbances as Editors

Disturbances are like editors—they selectively remove or modify eements of an
ecosysten while leaving othersintact. As a Mount St. Helens, most disturbances leave
sgnificant dements of the preceding ecosystem behind to be incorporated into the
redevel oping ecosystem, thereby enriching composition, structure and function.
Heterogeneity in the editing, which is particularly gpparent in large disturbances, asssts
greatly in this process. However, different disturbance agents—such asfire, wind, and
clearcut—differ genericaly in ther editing rules and, therefore, in biotic dements that
persist.

The extent and importance of these resdua eementsin disturbances and secondary
succession have received little attention in either basic or gpplied ecologicd texts.
Similarly, discussion of categorica contrasts in these dements between different types of
disturbances has not been widespread. Perhaps the focus of many classica studies of
secondary succession on old fields serioudy constrained the development of ecologica
theory on thistopic. In any event— even as recognition of the role of surviving biotic
dementsis now emerging—generaly, only living organisms are consdered (6).

Biological Legacies

Webgter defines alegacy as “anything handed down from an ancestor.” In an ecological
context, we define “biologica legacies’ as the organisms, organic materias, and
organicaly-generated environmenta patterns that persst through a disturbance and are
incorporated into the recovering ecosystem (Table 1).

Organisms may perss asintact organisms or as seed banks, spores, funga hyphae, and
parts (such as rhizomes) with a capacity to regenerate the whole organism. Survivors
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provide propagules for additiond establishment. Survivors may aso be present in such
large numbers that they dominate early successiona stages and retard establishment of
new individuas of the same or other species. The persstence of a dense layer of tree
seedlings and saplings in areas of wind-thrown forest is a common example in temperate
forests (7).

Structurd legaciesincdude dead trees, logs and other woody debris, cord, and animal
carcasses. Dead wood structures (standing dead trees and logs) are particularly important
legacies in forested ecosystems (8). They are not only long-term sources of energy and
nutrients but dso provide critical habitat for avariety of other organismsincluding
vertebrates and invertebrates. For example, logs that persist through many disturbances
are critica to sustaining populations of many red-listed speciesin bored forests of
Scandinavia (9). Coarse woody debris also influences hydrologic and geomorphic
processes such as by trapping sediment. Because they decompose dowly, wood
sructures may perdst as functiona eements of terrestrid and freshwater ecosystems for
many centuries. Carcasses of shrubs, trees, and cacti dso provide structurd legaciesin a
variety of steppe, grasdand, and savanna ecosystems. Dead cora and cord remnants are
good examples of sructura legacies within a marine ecosystem.

Although they are often less obvious, biologicaly-generated spatia patterns are athird
type of biologicd legacy. Specific biota (including plant, anima, and fungd Species),
plant communities, and biotic processes can generate strong and persistent spatia
patternsin environmenta resources, including the chemicd, physicd, and biologica
properties of soils. For example, plant species with specid functiona attributes—such as
trees and shrubs of genera (e.g., Alnus and Ceanothus) that host nitrogen-fixing
bacteria—generate patches of nitrogen-enriched soils. Smilarly, large, long-lived
coniferous tree species, such as giant sequoia (Sequoiadendron gigantea) and western
redcedar (Thuja plicata) concentrate cacium and other cationsin their foliage creating
s0il influence zones of low acidity, high base saturation, and rapid decomposition. More
genericaly, uprooting of trees redigtributes and mixes soil and resultsin distinctive
mound-and-pit patterns,

Strong patterns may aso exist in distribution of biota, such asforest understory plants.
Petterns may be associated with variation in overstory canopy dendty or activities of
animas.

I mportance of L egaciesto Ecosystem Recovery

Persisting organisms, structures, and patterns can drive the rate and pathway of
ecosystem recovery following a disturbance. As defined above, biological legacies can
and do contribute both directly and indirectly to restoration of compositiond, structura
and functiond diversty in the post-disturbance ecosystem (7) (Table 2). The abundance
and spatid arrangement of survivors may, in fact, be one of “the pivotd factors
determining how succession differs between intense disturbances of large and small
extent” (6).
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Survivors. Surviving organisms and propagules contribute to recovery processes within a
disturbed areain severa ways. Spore, seed, and seedling banks are generic examples of
living biologicd legacies. When organisms survive and reproduce, they provide in Situ
inocula, rendering migration to the Site unnecessary. Arbored examplesindude surviving
lodgepole pine (Pinus contorta) treesin the Y dlowstone fires (6) and beds of truefir and
hemlock (Abies and Tsuga) seedlings and saplings in snowbanks at Mount . Helens (2).
Sprouting roots and rhizomes of numerous perennia herbaceous species such as fireweed
(Epilobium) were common at both Y elowstone and Mt. St. Helens.

Observers were surprised by high rates of surviva of uprooted, wind-damaged, and even
prodirate trees and the rapidity with which foliage cover was reestablished in asmulated
hurricane experiment conducted at Harvard Forest (7). Forests affected by catastrophic
winds aso retain nearly intact understory communities, which often include abundant

tree seedlings and saplings that provide for essentialy instantaneous forest stand
reestablishment. Vegetative survivors aso avoid the risky processes of establishment and
early growth from seed.

Lifeboating. Structural legacies lifeboat species that would otherwise disappear from a
disturbed site by providing critical habitat (e.g., dens and hiding places), substrate (e.g.,
in the case of epiphytes), and food sources. Standing and down tree boles are excellent
examples of such lifeboatsin forested ecosystems, as are cord fragments in marine
ecosystems. In aless direct manner, structural legacies (both living and dead) aso
promote surviva and reestablishment of organisms by moderating microclimetic
conditionsin the disturbed area (e.g., shade and reduced temperature extremes) and
providing protection from predators.

Living legacies dso can play important lifeboating roles. For example, sprouting
hardwood shrubs and trees, which recover quickly following aforest disturbance, can
sugtain important eements of the soil biota, such as the communities of ectomycorrhizal-
forming fungi that otherwise might be at risk through loss of their dominant coniferous
hosts (10).

Structural Enrichment. Pergsting structures (dead and living) subgtantidly increasse the
sructural complexity in post-disturbance ecosystems for decades or even centuries
beyond early stages of recovery. In other words, their contributions are not limited to the
immediate post-disturbance period. For example, legacies of large, decadent trees, snags,
and logs add structura richness to the young forest of uniform, sound trees that typicaly
deveopsfallowing a stand- replacing disturbance (8,11).

This enhanced structurd complexity has practical importance for recovery of species
diversty and ecosystem function. Animal species dependent upon large decadent trees or
snags are able to re-establish themselves in rdaively young stands that have legacies of
this type. Otherwise they would wait for decades or even millenniafor development of
such gructures. For example, the presence of large surviving old-growth trees and snags
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alows northern spotted owls (Strix occidentalis) to resume residence in northwestern
coniferous forests 60 to 80 years following a catastrophic disturbance, many decades
earlier than would be possible without such legacies. Similarly, persstence of large
cavity-bearing treesiis critica for recovery of many arbored vertebrates in burned or
cutover mountain ash (Eucalyptus regnans) forests of southeastern Audtrdia (12).

Patch-size L egacies and Connectivity. Disturbances create important patch-scale
legacies at the landscape as well as the stand level because of their heterogeneity (13).
The undisturbed or lightly disturbed patches that are part of such amosaic lifeboat
species that require a completely undisturbed patch

*k*

Overdl landscape connectivity isimproved for many organisms by the combination of
gand-level structurd legacies, such aslogs, and of lightly or undisturbed patches at the
landscape level. Stand-leve legacies buffer and link undisturbed patches. Ecosystem
stocks of energy and materias and functional diversity aso are enhanced over a broad
range of spatid scales.

Both stand- and landscape- scae legacies aso are powerful influences on both the pattern
and rate of re-colonization. For example, the legacies provide numerous interna foci or
nucle for ecosystem recovery, negating the need for adow and incrementa process of
margind recruitment. Thisis particularly important in the case of large disturbances.

Natural vs. Human-caused Distur bances

Many techniques used in natura resource management are purportedly modeled upon
natura disturbance regimes. For example, foresters often describe clearcutting as a
practice that reproduces the effects of catastrophic wildfire. Unfortunately, such
characterizations do not reflect our current understanding of natural disturbances and

ecosystem recovery.

Clearly, great contrasts exist between biologica legacies|eft behind by most natura
disturbances and those | eft by such techniques as forest clearcutting, bottom trawling of
marine ecosystems, and intensve livestock grazing on naturd rangelands. These humant
imposed disturbances typicaly remove much more of the ecosystem, do so more
uniformly, and often are repesated at more frequent intervals than are natura disturbances.
Consequently, biological legacies|eft by human disturbances are typically less diverse,
less abundant, and exhibit lower levels of spatia heterogeneity than do those associated
with most naturd disturbances. The low levels of legacies dow or prevent recovery of
compogtiond, structurd, and functiond diversity in the impacted ecosystem.

Direct human inputs into intensvely-managed ecosystems can offset some of the
consequences of low levels of biologicd legacies. For example, we are very effective a
re-establishing sdlected tree species on harvested Sites by planting; indeed, humans
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typicaly can reforest areas subject to natura catastrophes much more rapidly and
thoroughly than can natural processes. Such direct efforts recover some ecosystem
diversity, structure, and function—but typicaly in avery smplified form.

So, how can we use the concept of biologica legacies to develop management regimes
with a stronger ecologica base? For example, how can we modify Slviculture to more
closdy mimic the conditions associated with naturd disturbance regimes? Certainly, the
current dominant paradigm in forestry—clearcutting—contrasts markedly with both
wildfire and windstorm in types and levels of biologica legacies (Table 3).

Grester retention of structures and species during forest harvest is one important way by
which timber harvesting can be made to more closely mimic naturd disturbance regimes
(12). The spectrum of possibilities runs from very low to very high levels of retention—
i.e.,, from anear-clearcut where afew live trees and logs are retained to remova of
scattered individua trees from an intact forest (selection). Of course, the selected level of
retention depends upon the management objectives adopted by or imposed upon the
landowner or managing agency.

A dlviculturd prescription for retention forestry has to address the questions of what,
how much, and where legacies are to be |&ft to achieve specific management goa's (11).
Thewhat will often be structura legacies, such as large, decadent trees, snags, and logs
on the forest floor. Such structures are difficult or impossible to re-creste under intensve
timber management. Y et they are criticd for lifeboating many organisms and processes
and gructurdly enriching the pogt-harvest forest. The what can dso include
compositiona legacies, such as retention of specific tree or understory species. Retaining
contrasting life forms, such as some hardwood treesin a conifer-dominated forest, or a
gpecies with unusud capatiilities (e.g., hosting nitrogen-fixing bacteria) are examples of
compostiond and functiond legacies.

The question of how much is conceptudly easy but practicaly difficult to answer.
Obvioudy, legacies should be retained at levels sufficient to achieve the desired
management goalsl However, few guides currently exist that quantitatively rdate levels

of dructurd retention to levels of ecologica function (11). Nonetheless, guiddines are
emerging for some types of legacies, such aswildlife trees and woody debris, based upon
research and expert opinion.

Where to leave the legacies—the spatia pattern for retention—is an intriguing question,
the answer for which is often not as obvious as one might suppose. Under a dispersed
goproach, structures are uniformly or randomly retained throughout a harvest unit.
Spatialy concentrating or aggregating the structures typicaly involves retention of smal
intact patches of forest within harvest units. Both approaches can, of course, be combined
aspart of asngle slvicultura prescription.

Both dispersed and aggregated retention have specific advantages and applications (11).
For example, dispersed retention is most appropriate where ecologica objectives require
that structures or organisms be well distributed over the entire harvested areato provide
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organic matter, energy, and root strength for soils or to mitigate microclimatic conditions
or hydrological processes.

Aggregated retention generdly alows retention of abroader variety of tree species, Sizes,
and conditions than does dispersed retention, including structures that would likely not
survive if |eft in isolation. Retaining aggregates aso provides opportunities to maintain
multiple canopy layers, undisturbed understory plant communities and forest floors, and a
diverdity of snag sizes and conditions. For these reasons, aggregated retention is often
favored by biologists focused on lifeboating forest biodiversity (asin the case of the
Northwest Forest Plan) while other specidigts (e.g., hydrologists and soil scientists) often
favor dispersed retention. It isimportant to remember that the aggregates are not intended
to be mini-reserves, rather, they are integra parts of the harvested stand—not apart from
it.

Variable retention harvesting is being widdly gpplied by government agencies and private
companies throughout the temperate world. For example, any regeneration harvesting on
federa forest lands within the range of the northern spotted owl in the northwestern
United States must permanently retain a minimum of 15% of the trees, the mgority of
them in the form of aggregates. In Canada, MacMillan-Bloedd Corporation began a
five-year program in 1998 to phase out clearcutting and replace it with variable retention
harvesting; Weyerhaeuser Corporation publicly agreed to fulfill this commitment when it
purchased MacMillan-Bloedd in 1999. In the Southern Hemisphere, variable retention
harvesting is being used in eucadyptus forests of Tasmaniaand in Nothofagus forests of
Tierrade Fuego.

Conclusions

The catastrophic events of the Mount St. Helens eruption, the Y elowstone fires and the
hurricanes of 1938, 1989, and 1992, among others, have given us important new insights
into the greet editing processes that we cal disturbances. We now recognize much
greater complexity and uniqueness in such events and subsequent recovery processes as
well as some unifying concepts and themes (6). Applied ecologists (including
consarvation biologists) and managers of dl stripes need to incorporate this new
knowledge in their teaching, research, planning, and management.

Biologicd legacies—dtructures, organisms, patterns, and processes—are the threads of
continuity linking the pre- and post-disturbance ecosystems. They are criticdl dementsin
natural resource management regardless of the ecosystem type or management focus—as
relevant to fisheries biologists and wilderness managers as to foresters, and to freshwater
and marine ecosystems as to forests and grasdands. The concept of biologica legacies
can contribute to development of resource management regimes that conserve biological
diversty and ecologica function while dlowing for economic use. The concept isaso
important as society and managers contemplate responses—such as rehabilitation,
sadvage, and restoration activities—in areas subjected to mgor disturbance.
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What isthe naturd disturbance regime of the ecosystemn of interest? What are the types,
quantities, and spatid patterns of the biologica legacies that such aregime leaves
behind? What roles do they play in the recovery process? By answering these questions,
the manager can begin designing management regimes that will more closdy model
naturd disturbances. At minimum, they will better understand the limitations of intensve
management regimes.

BOX
SOME CATEGORIESAND TYPESOF BIOLOGICAL LEGACIES*

Organiamns (plant, animal, fungal, and microbial)
Complete organisms (varying in Size and degree of sexud maturity)
Perennating parts (some roots, rhizomes, and hyphae)

Propagules (seeds, spores, eggs)

Organically derived structures

Snags (slanding dead trees)

Logs and other coarse woody debris on or near the ground
Coras and shell fragments

Large soil aggregates

Termite nests'mounds

Dead animd bodies

Feces

Organically generated spatial patterns

Root pits and mounds

Sail physicd, chemicd, and/or microbiologicd patterns
Root channels and burrows

Understory community patterns

Wallows and yards

BOX
Some Functions of Biological L egacies

* Perpetuation of a genotype or species

» Lifeboating of other species

* Stabilization of ecosystem processes (e.g., hydrologic or nutrient flows)
* Habitat for other organisms

» Modification of environmenta conditions

* Source of energy and nutrients

* Influence on spatid pattern of re-colonization
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