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Ecologically sound stewardship has long been a cornerstone of the
forestry profession. But just what does ‘ecologically sound’ mean in prac-
rice? Historically, foresters were often taught that forest ecosysters could
be engineered at will for human benefit. Ensuring ecological integrity
meant not violating ‘constraints’ associated with soil, water quality, and
wildlife (implicitly defined as well-known birds and mammals). Recently,
the definition of ecological integrity has expanded; clearly, a primary focus
is now on maintaining, and even restoring, native biological diversity. At
the same time, a growing worldwide demand for forest products has
encouraged foresters to expand traditional high-yield practices, amidst
growing evidence that such systems often conflict with biodiversity.
While not discounting the difficulty of these conflicts, we believe there
is a vision of ecological forestry that offers hope. To set the stage for the
rest of this book, we define ecosystems, stands, and landscapes. Next, we
review various incarnations of forestry, with emphasis on North American
practice and the strong influence of the U.S. Forest Service. Hopefully, this
will help readers to place the current discussion of ecological forestry inte
an historical, scientific, and professional context. Important principles of
ecological forestry are defined and discussed, and related to traditional
timber production forestry. Finally, a balanced forestry paradigm, which
biends elements of traditional and ecological forestry, is described.

Ecosystems, stands, and landscapes

Asked to define ecosystermn, a politician who was espousing the
importance of protecting ecosystems hesitated for a long time then finally
said, ‘Well...they're kind of like an aguarium...they have plants and
animals...and other stuff. In fairness to the politician, ecosystems can be
rather hard to define, Ecologists readily construct definitions such as ‘a
community of interacting species plus the physical environment that they
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occupy’, but, as we saw in Chapter 1, it is not always easy to move from a
conceptual definition to defining ecosystems in the veal world. Separating
a lake and a forest is easy but where do you draw the boundary between a
spruce forest ecosystem and a spruce swamp ecosystem? Is a spruce-fir
forest that is 8c% dominated by spruce (Picea spp.) a different type of eco-
system from one thatis 80% dominated by fir (Abiesspp.}?

One of the things that makes defining ecosystems particularly difficult
is the fact that they can occur at any spatial scale. The examples used
above (a forest, a lake, a forested wetland) imply a spatial scale that is
commonly used: patches of vegetation that one can easily see from a small
plane - paiches one would usually measure in hectares, rather than
square kilometers or square meters. However, ecosystems can be much
smaller or larger. Aquariums are indeed small, artificial ecosystems. One
could even argue that all the invertebrates and microorganisms that
occupy a single fallen acorn constitute a tiny ecosystem (Winston 19568).
On the other hand, we could argue that because all the organisms on
earth interact with one another and their physical environmens (through
globat carbon and oxygen cycles for example) that the whole earth is one
ecosystein (a concept close to the Gaia hypothesis of James Lovelock,
1979). In recent years there has been a growing tendency, especially
among natural resource managers, to define ecosystems at quite large
scales, as in the ‘Greater Yellowstone Ecosystem’ (Mattson and Reid
1g91). This tendency can probably be traced to the increasing emphasis
on ecosystem managenent, a key principle of which is thinking at larger
spatial scales.

Because ecesystem is a scaleless term we will aveid using it in this book
exceptwhere the emphasisisonthe general conceptofecosystems and not
cnany particuiar scale. Por patches of forestvegetation thatare reasonably
homogeneous in terms of species composition, age, and density, we will
use the traditional forestry term, stand. Stands are usually defined at scales
that make them roughly equivalent to communities (although in fact, com-
munity is really a scaleless term like ecosystems) and we will use this as a
generic term for forests and non-forests, For the arrays of forest stands,
grasslands, wetlands, and so on that form heterogeneous mosaics across
the land we will use the term landscape (Forman 19g5). In recentvears land-
scape ecology has emerged as an impertant subdiseipline of ecology that
focuses on the ecological patterns and processes that emerge at spatial
scales where vegetation is seen as a heterogeneous mosaic (Figure 2.1).
The distinction between foreststands and forestlandscapes is the basis for
delineating two major parts of the book: Part II: The macro approach,
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Fig. 2.1. Ecosystems can be defined at many scales; they are often recognized in terms of dis-
tinet patches of vegetation such as ferest stands, wetlands, fields, ete.

managing forestlandscapes; and Part [fl: The micro approach, managing
forest stands.

Different models of forestry

Forestry in the broadest sense involves the science, art, and busi-
ness of managing forests for human benefit, Forestry began at different
times and different places throughout the world as societies’ demand for
wood outgrew the volumes obtainable by exploiting wild forests (Fernow
1913, Sedjo 1996). The earliest forms of forestry could be characterized as
custodial (focusing on protecting the forest from overexploitation and fire),
usually followed by sustained yield timber production {focusing on assuring a
continuous supply of timber). More recently, explicit efforts to manage
forests for a broad array of resources led to multiple-use forestry on many
lands, while in other forests intensive efforts to maximize timber produc-
tion following an agricultural paradigm led to production forestry. Some
forests continue to be managed extensively, with litte investment other
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than protection. Many believe we have entered an era of ecological forestyy,
in which maintenance of ecological integrity will be paramount.

CUSTODIAL FORESTRY

The earliest roots of custodial forestry are obscure but it was no
doubtwell established in Europe during the middle ages. It took the form
of increasingly restrictive laws that limited widespread unsustainable
forest exploitation and conversion to agriculture (Rernow 1913,
Plochmann 19g2). Custodial forestry reached the United States in the late
nineteenth century. In the western United States, forests were set aside
from the remaining unsettled, unlogged public domain and later these
became national forests. In the eastern and Midwestern United States,
where lands had largely been logged over, the U.S. Forest Service began to
buy them back in strategically chosen watershed protection zones.
Custodial management emphasized fire protection, with low harvest
levels; silviculture focused on natural regeneration, Planting was limited
mainly to restoring trees to severely understocked lands. Owing to limited
markets and a strong professional aversion to clearcutting, harvests
tended to focus on large trees of valuabie species.

The effect of custodial forestry on ecological integrity of public forests
was probably mixed. On heavily exploited lands, the strong emphasis on
protection and restoration has been undeniably positive. For example,
50-80 years later, many hardwood forests throughout the eastern United
States are again beginning to resemble their earlier composition (minus
the American chestmut, Castanea dentata, that was extirpated by an intro-
duced fungus). Where custodial forestry was applied to old-growth, virgin
stands, the focus on removing only large trees may have simplified stand
structures, but the overall effectwas fairly benign due to low harvest levels.

SUSTAINED-YIELD TIMEER-PRODUCTION FORESTRY

As timber demands increased and unexploited wild forests became
scarce, it became clear that management needed to become more sophis-
ticated in order to ensure that harvests could be sustained. Custodial
forestry was thus supplanted by sustained-yield timber-production
forestry. Key concepts of sustained-yield forestry are rotation (hatvest)
ages setatthe pointwhere average annual yield is maximum {the ‘culinina-
tion of mean annual increment’} and the regulated or ‘normal’ forest
structure with equal areas of age classes up to the rotation age (Sedio
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1996). Although foresters promoting sustained-yield forestry &wm% hada
strong stewardship ethic, this mode} tended to predate, atleastin Europe,
the recognition of ecology as ascience (Toumey 1928), and thus was gener-
ally devoid of any ecosystem perspectives.

MULTIPLE-USE FORESTRY

1t has long been recognized that forests provide more than timber,
and should be managed as such. To some extent the origins of managing
forests for other resources are very old indeed; certainly European land
managers have long been sensitive to the needs of various game species.
However, it is only relatively recently that this perspective has been
codified in law and pursued scientifically. For example it was in 1960 that
.S, National Forests were mandated to link multiple use with the tradi-
tional sustained-yield paradigm in the seminal Multiple Use-Sustained
Vield Act. Opinions vary widely on the success and legacy of me.o:.&
Forest management under the Multple Use-Sustained Yield paradigm;
however, most agree that timber tended to remain the dominant output.
Other values tended to be viewed as constraints, not equally important
objectives (SAF 1993), despite an apparent legislative mandate ﬂ.o max-
imize social value of both market and non-market values (Krutilla and
Haigh 1978, as cited in Sedjo 19¢6). Generations of monmw@.w were m.a:-
cated under a philosophy that equated forest management with mmmn.ummﬁ
timber production. indeed, the index of Davis and Johnson’s (1986) widely
used text, ‘Forest Management’, refers to ‘multiple use’ only once (a
cryptic paragraph in the incroduction about laws governing forestry in the
United States).

PRODUCTION SILVICULTURE

The implementation of sustained-yield forestry has become
increasingly sophisticated, paralleling scientific advances in forest
‘biology and technology. In the 1660s, just as forest management at the
landscape level was equated with timber production, silviculture was oiten
equated with maximizing dmber yields at the stand level. Nowhere was
this attitude more apparent than in the second paragraph of the influential
text, ‘The Practice of Silviculture’, where David Smith (1962) nﬁmﬂ.mnﬁmamm@
silviculture as ‘. . . somewhat analogous to. ., agronomy in agricuiture, in
thatitis concerned with the technical details of crop production.’

‘High-yield’ silvicultural systems patterned after an agricultural model
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are common throughout the worid. Beginning early in the nineteenth
century, German foresters began a widespread and ultimately very
effective effort to replace degraded mixed-species forests with conifer
plantations, a program which has long been regarded as a national model
of forest rehabilitation (Plochmann 19¢2). In other regions such as rhe
Bridsh Isles, Chile, New Zealand, and the southern United States, conifer
plantations were established over vastareas of abandoned crop or pasture
lands, often with major government subsidies. In the southern United
States, 20% of the softwood growing stock and 15% of timberland are now
in pine plantations, 55% of which is owned by the forestindustry (Rosson
1995). Productiorn silviculture uses intensive practices to achieve high
ylelds of economically valuable, genetically improved species (see Chapter
12). Any non-crop plants are viewed as competition to be controlled,
usually by herbicides (Walstad and Kuch 1987). High timber vields
demand close control and simplification of naturally diverse plant com-

munities, and thus conflict inherently with promoting stand-level biodi-
versity.

EXTENSIVE FORESTRY

Another form of forestry has persisted on some private and indus-
trial lands which have notadopted the above models. Often calied extensive
forestry to contrast it with the intensive nature of production forestry, this
type of management tends to be characterized by opportunistic imber
harvesting driven mainly by product demands. Silviculture usually con-
sists of crude, broad-brush harvesting treatments with little investment in
non-commercial treatments. Harvest levels typically are low relative to
potentials under intensive management, but can still be non-sustainable
relative to the actual (Le., low or non-existent) level of invesrment.
Allowable cuts are rarely determined with any reliability, however, so its
timber sustainability is difficult to assess.

Some environtmentalists tolerate or even support extensive forestry
becauseits ‘low-budget’ approach tends to eschew practices such as clear-
cutting and herbicide spraying that they find objectionable. They may not
realize that protracted extensive forestry has tended to reduce age diversity
(by discriminaring against old trees and stands) and to favor aggressive,
often early- successional species. Over time, forest regions dominated by
mufti-cohortstands of valuable late-successional forests may be gradually
replaced by younger, single-cohort communities that are neither ecologi-
cally well adapted nor economically productive. This conversion can be
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somewhat insidious, because it happens over time horizons that span
human generations and may thus be imperceptible. An example is the red
spruce {Picea rubens) forests of the Acadian region of northeastern North
America: the short-lived, aggressive balsam fir, red maple, and aspen have
become increasingly common at the expense of the spruce and long-lived
northernhardwoodssuchasyellowbirchandsugar maple{Seymour1g92).

ECOLOGICAL FORESTRY

By the late 1g80s widespread dissatisfaction within the forestry pro-
fession and scientific community with tradidonal sustained-yield muiti-
ple-use forestry in the United States was publicly manifested in three
prominent critiques. In 198g, Jerry Franklin published an influential
article in which he argued for a ‘New Forestry’ on U.S. national forests. A
year later, a distinguished panel of forest scientists issued a visionary
report calling for anew approach to studying and managing forest ecosys-
tems, distinct from traditional commodity approaches (NRC 1990).
Shortly thereafter, another task force of scientists and professionals con-
vened by the Society of American Foresters issued a controversial indict-
ment of traditional sustained-yield forestry, also calling for a revamped,
ecologically based approach (SAF 1993}.

Only history canjudge whether we are witnessing an historic revolation
toa profoundly new era of ‘ecological forestry’, or justan incremental evo-
lution of the multiple-use doctrine. We do not intend to contribute to the
lengthy debate about the exact meaning of ‘ecological forestry’, ‘forest
ecosystem management’, ‘new forestry’, and similar terms (cf. Grumbine
1994, Irland 1994, Salwasser 19g4}. We accept their inherently fuzzy
nature (More 1996), recognizing that broadly accepted definitions will
only come after future implementation by practitioners. We will use the
term ecological forestry 2s a collective heading for the concepts and practices
which constitute this new brand of forestry.

We donotmean to suggest that sustained-yield forestry and production
silviculture are devoid of ecological underpinnings. Clearly, these prac-
tices manipulate ecosystems, albeit simplified ones, and ecological pro-
cesses provide the sideboards that bound silvicultural possibilites. Nor
has traditional, timber-oriented silviculture ignored natural stand devel-
opment processes. The seventh edition of Smith’s (1962:6-7} silvicuiture
text captures quite well the agtitudes prevailing among American foresters
until perhaps a decadeago. Under the heading ‘Silviculture as an Imitation
of Nature’, Smithwrote:
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The factthat (the forester] must know the course of natural succession
does notindicare thathe should necessarily allow it to proceed. Economic
factors uitimately decide the silvicultural policy on any given area; the

ohjective is to operate so that the value of benefits derived. . . exceeds by
the widest possible margin the value of efforts expended.

What distinguishes ecological forestry, as we define it here, is the empha-
sis placed on natural patterns and processes: understanding them,
working in harmony with them, and maintaining their integrity, even
when itbecomes financially difficult or inconvenientto do so.

In this chapter, we limit our treatment to the biological concepts that
characterize ecological forestry. We recognize that ecosystem manage-
mentin the broad sensealso involves many administrative and socio-polit-
ical issues (Grumbine 1994, More 1g96) which are dealt with in Part IV of
this book. We also recognize, butdo notdiscuss, the prominent ecological
role of physiographic factors which govern below-ground processes

(hydrology, geology, nutrient cycling) and create above-ground gradients
in productivity,

Natural disturbance regiines

Itis easy to endorse the premise of sustaining ecological integrity,
butjust what does this mean in practice? We believe that the central axiom
of ecological forestry is that manipuletion of a forest ecosystem should work
within the imits established by natural disturbance patterns prior to extersive human
alteration of the landscape. The key assumption here is that native species
evolved under these circumstances, and thus that maintaining a full range
ofsimilar conditions under managementoffers the bestassurance against
losses of hiodiversity. This is analogous to the ‘coarse-filter’ approach
(i.e., conserving diverse ecosystems and landscapes), in that it should
maintain habitats for the vast majority of species (Hunter et al. 1988). With
an effective coarse-filter strategy in place, the more costly and informa-
tion-intensive fine-filter management can be focused on the few species of
special concern.

Ecological forestry that maintains an effective coarse filter differs
markedly from the ‘engineering’ approach common under sustained-
yield timber management. Under that model, foresters try to define
precise objectives for specific ecosystem components (e.g., trees, water,
habitat for a particular endangered species) and use sophisticated quanti-
tative methods to determine optimal management strategies. Though it
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can be considered appropriate for certain narrowly defined problems, we
believe that there is a certain arrogance to such an approach to managing
forests for biodiversity. It assumes a near-perfect understanding of the
ecosystems under management.

EMULATING DISTURBANCES WITH MANAGEMENT

The fact that all forests are prefoundly shaped by natural distur-
bances is now so widely accepted by ecologists and foresters thatitis hard
toimagine a time when things were otherwise. Yet, only a few decades ago,
disturbances were viewed as extraordinary events — unnatural deviations
from the normal successional development of equilibrium communities
(Chapter 4 in this book, Oliver 1981, Pickett and White 1985, Oliver and
Larson 19¢6). As a consequence, our knowledge of disturbances - along
with our ability to use them as a tempiate for managed stands and land-
scapes —is limited to relatively recent research, unlike the classical scien-
tific underpinnings of sustained-yield forestry, which often go back a
century or more.

Ecologists define disturbances as ‘any relatively discrete eventin time that
disrupts ecosystem, community, or population structure and changes
resources, subsirate availability or the physical environment’ (Pickett and
White 1985). To describe a specific disturbance regime and its effect on
plant communities, three important parameters must be quantified
(Chapter 4 in this book, Pickettand White 1985):

— return interval: the average time between occurrences in & given stand.
Sometimes this is expressed as the frequency, which is simply the inverse
of the return interval. For example, a regime with a so-year return inter-
val means that 2% {the frequency) of the landscape will, on the average,
be disturbed in a given vear.

— severity: theamountofvegetation killed, and the type of growing space
made available for new plants, relative to that present before distur-
bance. A closely related, complementary concept is the biological legacy
{HMansen etal. 1991}, or the biomass that survives the disturbance in
yarious forms, ranging from unaffected trees to dead and down material.

— spatial patiern: distribution of disturbance effects atvarious scales, from
within-stand to large landscapes.

Important disturbance agents include fire, wind, herbivore outbreaks
(Attiwill 19gaa), as well as floods, avalanches, ice storms, landslides, vol-
canic eruptions, and glaciers (Oliver and Larson 1g96:¢g~120).

Disturbance parameters ofien have high variability about average
values. When this variability is coupled with many different disturbance
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Table 2.1. Some important forestry decisions typicaily made with a timber produc-
tion emphasis but witich also have strong ecological underpinnings, with examples

Stand-level decisions (= silviculture) Examples

Age structure (of trees in stands) single-cohort (= even-aged); multiple-cohort
{= uneven-aged).
Harvest iming 5o-year totation; 10-year cutting cycle

Regeneration method shelterwood; seed-tree

Landscape-level decisions
(= forest managenient)

Apnual harvest volume control: zook m3fyear
areq control: 200 ha/year
Age structure (of stands in landscapes) areas by 10-year age classes
Area in producticn silviculture 25% of land in strategic timber base
Area in ecological reserves 10% of land not managed
Lecation of harvest operations concentrated or dispersed cutting blocks

agents operating in the same forest, the potential array of disturbance
regimes can seem bewildering, defying meaningful categorization.
Nevertheless, even broad groupings can be useful. For example, British
Coiumbia has classified their forests into five broad ‘natural disturbance
types’ (B.C. Ministry of Forests 1g95) based largely on the return interval,

Foresters have found it useful to separate major, or stand-replacing dis-
turbances, which kill virtually all of the overstory, from minor or partial
disturbances which leave much of the stand alive (Oliver and Larson 1996:
95). Silviculturists have further subdivided lethal stand-replacing distur-
bances into releasing disturbances that kill the overstory only (releasing
understory vegetation) or severe disturbances that have progressively more
lethal effects on the understory vegeration and forest feor (Smith et al.
1997:103—4). Hurricanes are an example of the former, whereas most fires
fallinto the latter category. Such classifications have long been used by sil-
viculturists to choose appropriate age structures and regeneration
methods.

To provide an initial framework for discussion, we have listed some of
the most important forestry decisions in terms typicaily understood by
production foresters (Table z.1). The remainder of this chapter will
explain how to use an understanding of natural disturbance regimes when
making these decisions. Forestry decisions are typically made at either the
stand or landscape scale, In general, stand-level issues involve details of
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the silvicultural systems employed, whereas landscape-level decisions
involve allowable cuts, harvest schedules, and protection strategies.

The next two sections will describe ecological forestry in the context of
stand and landscape-level age structure, with their associated silvicultural
systems and harvestlevels,

Stand-level decisions

CHOOSINGTHE APPROPRIATE AGE STRUCTURE

The most defining feature of a silvicultural system is the age struc-
ture of the stand. Until guite recently, only two alternatives were recog-
nized in North America: even-aged or single- cohort stands in which the
trees are more or less the same age, and uneven-aged or multi-cohort stands
which contain atleast three distinctage classes (Smith 1986}, Until ¢. g 6o,
uneven-aged or seletion silviculture was the prevailing doctrine in North
America, in part because clearcutting was still closely associated with
exploitative logging, and because planting was limited to old-field
reforestation. Then, an abrupt shift to even-aged management occurred,
in recognition that many early attempts at selection silviculture had been
failures (Seymour et al. 1986) and to implement high-yield silvicultural
systems. Much highly polarized debate, both within and outside the
forestry profession, has since focused on the merits of two extreme (and
uncommon) endpoints of this sifvieultural continuum - clearcutting with
intensive site preparation and planting of menocultures, versus balanced
single-tree selection cutting — ignoring the fact that the most logical silvi-
cultural solutions to forest management problems often lay between
{Smith1g72).

Happily, modern American silviculture is diverging from its earlier self-
imposed rigidity surrounding the four classical systems of clearcutting,
shelterwood, seed tree, and selection. Increasingly, silvicultural systems
are viewed as a means of producing a virtually infinite array of stand struc-
tures to address an equally varied set of societal objectives (O’Hara ef al.
19g4). Oneexample is the much wider use of twe-aged silvicultural systems
—essentially variants of even- aged systems where reserve trees or standards
are left after the regeneration period. Although two-aged structures have
very old lineage in Europe, actually predating more uniform systems
(Troup 1955:121-8), only recently were they ‘legitimized’ in American ter-
minology (Helms etal. 1994). These systems are treated extensively in two
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recently published American sitviculture texts (Smith et al. 1g97, Nyland
1990), and Franklin et al. (19y7) feature such variable-refention systems
prominently in their discussion of ecologically based harvesting.

Animportant development with respect to strengthening silviculture’s
ecological basis has been to use the concept of coharts to describe silvicul-
tural systems (Oliver and Larson 1gg6, Smith et al. 1997:22-3), rather than
mensurationally based age classes. In silviculture, cohorts are populations
of trees that originate after some type of disturbance (natural or silvicultu-
ral) that makes growing space available, regardless of whether they differ
in age by more than 20% of the rotation. For example, foresters can now
speak of growing irregular ‘three-cohort’ stands without worrying about
the fact thatsuch a system might not fit some standard cookbook.

Even-aged silviculture is popular mainly because itis easy and econom-
ical to understand and implenzent, and, in the case of high-yield produc-
tion forestry, because the specific stand establishment practices require it.
It is tempting for overworked foresters to extend these administrative
advantages to the treatment of natural stands. Whether this is justified
ecologically depends critically upon the interaction of disturbance severity
and return interval, relative to the life span of the tree species under man-
agement.

Where stannd-replacing disturbances have a high probability of occur-
ring within the typical life span of the dominant trees, single- or two-
cohort structures best emulate natural patterns., Here, it is extremely
importantto distinguish disturbances that cause complete overstory mor-
tality — creating true single-cohort stands — from events where a few
members of the predisturbance cohort (large legacy trees) survive to form
two-cohort structures. Some examples will clarify this distinetion.

Single-cohort stands
Prominent examples of truly complete mortality events come from
forests of fire-adapted species such as Eucalyptus regnans in southeastern
Australia (Attiwill 1g9g4b), boreal forests of spruces and pines (Cogbill
1985), and serotinous-coned conifers such as lodgepole pine (Pinus con-
torta). In these forests, individual trees usualily do not survive the severe
crown fires that naturally regenerate these forests, so single-cohort stands
accurately emulate natural disturbances, as long as spatial patterns and
the percentage of the landscape affected also resemble those of natural
disturbances (Hunter 19g3).
Other, extremely severe disturbances such as very hot fires in high-fuel
sitzations which consume much of the forest loor (e.g., after an extensive
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blowdown or insect outbreak), and severe ercsional events such as land-
slides and volcanic eruptions, also create single-cohort stands, although
the stand initiation stage may well extend for many decades. Such events
are arguably so rare and so destructive that one would notconsciously per-
petuate them. In other words, natural forces will produce enough of these
without human assistance. However, important silvicultural analogues to
these disturbances do exist, in the form of conifer monocultures that
pioneer on abandoned agricultural lands. The prominence of this succes-
sional pattern in New England a century ago (Whitney 1994), where the
only natural analogue would have been the post-glacial environment, tes-
tifies to the resiliency of these forest ecosystems. Indeed, these unnatural
old-field monocultures have proven to be so productive that high-yield sil-
vicultural systems essentially emulate this disturbance regime (Smith et al.
10g7:163). Aspen forests in the Lake States, which originated after severe,
repeated fires following logging of the old-growth pine, are now valuable
enough that foresters consciously perpetuate a severe disturbance regime
that was quite uncommon before human exploitation (Johnson 1995).

Twe-cohort stands
Often, severe disturbances do not completely eliminate the mature
forest. Virtually all the disturbed area regenerates to a new cohort, but

Fig. z.z. (a} Fire origin lodgepole pine—spruce forest in central Alberta, Canada, showing
clearcutblocks with ‘islands’ of unharvested trees reserved to simulate the natural fire pattern.
(Robert Seymour phote)
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Fig. z.2. (b) Reserved patches would eventually develop an eld-growth structure like that
shown, unlike the matrix which either burns or is harvested on a 8o- to 1eo-year rotation.
(Robert Seymour photo)
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scattered veterans of the older, predisturbance cohorts remain. Two cases
can bedistinguished: survival as small parches under a few hectares in size
{often too small to be considered separate stands), and survival as scat-
tered, large individual stems. Such living legacies can be very important in
such obvious ways as seed sources and refugia for recolonization, and very
likely serve a myriad other ecosystem functions not fully understood
{Chapter 11).

Both fire and stand-replacing windstorms tend to produce patterns in
which trees survive in small patches owing to natural fuel breaks, micro-
site or topographicvariation, chance cecurrences, and other phenomena.
Where such patches are large encugh to be considered separate stands,
then the disturbed area can be considered a separate single-cohort stand.
Smalier patch sizes, however, should be treated as the older of two cohorts
and the silvicultural system designed o perpetuate this structure. Here,
studies of naturaldisturbance patterns are extremely valuable as landscape
templates. For example, in northern Alberta Eberhartand Woodard (1987)
found that fires of ax—200 ha (a typical harvest block) had 0.4 unburned
islands per 100 ha, averaging 2.3 ha each. (Isiands under 1 ha were not
recorded.) Emulating this with a two-cohort ‘clearcutting with patchy
reserves’ silvicultural system would be quite straightforward (Figure 2.2).

Cases where legacy trees tend to cccur as individuals include: {a) wild-
fires in old-growth stands where older trees or certain species have thick
barkand thus are more likely to survive the severe fires than others, and (b}
insect outbreaks in mixed stands, in which tree species differ in suscepti-
bility. Species exhibiting the first pattern include Scofs pine {Pinus sylves-
tris) and coastal Douglas-fir (Pseudotsuga menziesii). Awell-studied example
of the second case is the spruce budworm (Choristoneura fumiferana) in the
fir-spruce forests of the subboreal region of eastern Canada, in which the
budwerm periodically defoliates and eventually kills the susceptible
mature balsam fir (Abies belsamea). Scattered black or white spruces (Picea
mariana, B glaura) tend to survive, however, thereby perpetuating a two-
cohort structure dominated in numbers by the regenerating fir
(Baskerville 1975; Figure 2.3). The exact choice of silvicultural systems
here depends on the appropriate silvicultural regeneration method (see
below) and should recognize the possibility of meltiple successional path-
ways that maintain landscape species diversity (Bergeron and Harvey
1997} For example, onewould likely use a ‘seed tree with reserves’ system
for the fire-resistant species that establish after the fire, and a ‘shelter-
wood with reserves’ system for the fir-spruce forest that depends on
advance regeneration.
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Fig. 2.3. Surviving individual white spruce legacy tree in a stand formerly dominated by
balsam fir thatwas completely killed by spruce budworm defoliation during the 1970s out-
break in northern Maine, USA. Though notapparentin the photoegraph, the stand is well
regenerated with advance conifer seedlings. (Robert Seymour photo}
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Fig. 2.4. Old-growth ponderesa pine stand in eastern Oregon, USA; different tree sizes repre-
sentdifferent cohorts. The preponderance of small trees is an unnaruzal condition induced by
decades of fire suppression. (Robert Seymour photo)

Multi-cohort stands

Where stand-replacing disturbances are very infrequent (several
times the life span of the late-successional tree species), but partial, gap-
creating disturbances are dominant, then creating multi-cohort structures
will most closely emulate this pattern. Mult-cohort structures are alsa
mostappropriate in dry conifer forests such as ponderosa pine (Pinus poit-
derosa; Figure 2.4) and inland Douglas-fir, where frequent patchy ground
fires continually recruit new cohorts but prevent fuel buildup that would
allow crown fires to kill the dominant trees (White 1985, Covington and
Moore1gga, Agee1ggz}.

Some forest types exhibit more complex patterns that tend to gradeinto
two-cohort structures. For example the Acadian forest characterized by
the long-fived red spruce tends to develop multi-cohort structures on deep
soils, sheltered locations, or in mixture with hardwoods (Figure 2.5). On
poorly drained ‘flats’, however, or where the shorter-lived balsam fir dom-
inates stand comnposition, chronic windthrow and spruce budworm out-
breaks appear to prevent the buildup of more than ewo or three distinct
cohorts (Seymour 1962, Cogbill 1096). Single-cohort structures evidently
were quite rare in the presettlement forest, however, as return intervals for
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stanrd-replacing fires and windstorms ranged from 1000 to nearly 2000
years in northern Maine (Lorimer 1977).

Silvicultural literature about the treatment of mult-cohort {formerly
uneven-aged) stands historically has emphasized the idealized balanced
stand structure, in which a reverse-J-shaped diameter distribution is
maintained indefinitely through carefully controlled selection cuttings
(Nyland 1996, O’Hara 1996). Although common in Swiss mixed conifer
forests, successful applications in North America over long time frames
are rare and limited mainly to northern hardwood forests (Seymour 1095,
Lorimer 198¢) and the loblolly—shortleaf pine (Pinus taeda—P. echinata)
forests on the Crossett Research Forest in Arkansas (Baker et al. 1996;
Figure 2.6). Many silviculturists (e.g., Smith etal. 1g97) have leng consid-
ered the goal of maintaining balanced size or age distributions to be an
unduly constraining feature of traditional selection silviculture. More
importantly from the standpoint of disturbance regimes, such a finely bal-
anced age structure rarely has a natural analogue. Rather, it serves mainiy
as a timber management construct aimed at sustaining frequent, equal
harvests from individual stands.

Given the popularity of selection cutting among the public and many
environmentalists, it is worthwhile to recount why this system became
discredited within American forestry circles in about 1g6e, so that forest-
ers do not reinvent a square wheel in well-meaning attempts to practise
ecologically based forestry. Typical misapplications of muiti-cohort silvi-
culture are harvests that: (2) remove justlarge trees; and (b) reduce density
uniformly throughout the stand to alevel that regenerates a new cohortviz-
tually everywhere instead of in discrete gaps. These practices usually result
from financial pressures to cut too many large trees; few natural analogues
for sucha disturbance pattern exist (Lorimer 198g). Such cuttings actually
are a crude form of two-cohort silviculture; they differ from the previous
exampies by virtue of the fact that the older cohort is represented by
numerous medium-size trees rather than a few larger ones. Often short-
sighted management causes such ‘selective’ cuttings (sensu Nyland
1996:502~8) to be repeated more frequently than the natural disturbance
intervals, each time discriminating heavily against the oldest or largest
trees. The unfortunate result is typically a reduction in age, size, and
species diversity, with the cohort structures becoming more uniform over
time and economically valuable species being lost.

Importance of legaay trees
Thedistinctions among different naturally occurring age structures
highlight the point tharvegetation (living and dead) that survives the dis-
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Fig. 2.6. Multi-cohortstand of loblolly and shortleaf pines that has been under selection man-
agement since the 1g30s, Crossett Experimental Forest, Arkansas, USA. (Robert Seymour
photo)
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rurbance is the critical issue in creating the appropriate silvicultural ana-
logue. To be ecologicallyjustified, disturbance mimicry mustbe more than
superficial; it cannot be applied selectively just where it happens to suit
some timber-management purpose but ignored where it is inconvenient
or costly. For example, too often in the past, foresters have endorsed com-
plete clearcutting as emulating all kinds of severe natural disturbances,
even though this argument is valid only in certain specific cases of truly
lethal mortality events. In other cases where cuttings were not complete,
resetve trees were chosen not because they resembled those that would
have survived natural disturbances, but simply because they were too
small. Because the large Douglas-firs and pines that survive disturbances
invariably are the most valuable trees in the stand, serious conflicts can
arise between financial demands and ecological integrity.

Dead trees are justas important to retain as part of the biological legacy
as are living ones (Chapter 10). In fact, a very important reason for reserv-
ing mature, living individuals is to ensure that during the next generation
of the young cohort, there will be a continual supply of large dead trees for
cavities and other habitat (Woodley and Forbes 19g7). As such, reserve
trees may have merit even in otherwise very artificial systems such as high-
yield plantations.

An excellent illustration of the dangers of overly superficial mimicry
comes from Hutto’s (19g5) study of bird communities in 34 post-fire sites
in western Montana and Wyoming. Hutto noted that recent U.S. Forest
Service ‘green retention’ practices, which leave scattered living lodgepole
pines after clearcutting but destroy most standing dead stems, do not
emulate natural patterns as well as complete clearcuts thatleave all stand-
ing dead snags. To emulate natural fire regimes in this forest, Hutto advo-
cated leaving some living trees then killing them after harvest with a
prescribed fire, in order to ensure adequate nesting and foraging habitat
for certain birds that depend on this particular post-fire structure.

HARVEST TIMING

Rotations for single and two-cohort stands

Where stand-replacing disturbances dominate and single- or two-
cohort stands are the prevailing structure, foresters must decide how long
the stands will be allowed to develop between regeneration harvests — the
retation. Under sustained-yield timber management, rotations are set
using biophysical or economic criteria that maximize commodity outputs
or present net worth (Davis and Johnson 1¢86). It is rare to encounter a
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forest where this is actually done routinely, however, due to unbalanced
age structures, mill demands, and other overriding factors. If the forest
composition is simple and a single disturbance agent predominates, then
ecologically based rotations clearly depend on the disturbance return
interval. Because thisislargelyan issuc of setting an appropriate age struc-
ture atthe landscape scale, itwill be discussed later under that heading,

In situations where multiple disturbance agents affect forests of mixed
species with very different natural life spans, it is a gross oversimplifica-
tion to view the rotation as a single number. A variety of species may inifi-
ate during the same year after a severe stand-replacing disturbance, but
these same species will reach their average life spans at different times,
perhaps centuries apart, Community composition will thus naturally vary,
until all pioneering individuals die off and autogenic succession takes
over, or another stand-replacing disturbance occurs. This initial foristics
view of plant succession (Egler 1954) has been widely adopted by silvicul-
turists as a model of natural development for stratified, mixed-species
stands (Oliver and Larson 1990, Sraith etal. 19g7:104).

If'species mature atvery different rates in the same stand, a single rota-
tion ~ i.e., removing most or all of the stand in a single regeneration
cutting — is clearly inappropriate. If the rotation is based on the shorter-
lived members of the community, later-successional individuals may
never reach maturity, and the next generation community composition
wiil be simplified in favor of the early-successional species. North America
has numerous examples of forests that have been profoundly altered by
unustally severe stand-replacing disturbances at unnararally short inter-
vals. The original pine forests of the Lake States that are now largely domi-
nated by aspen (Popuius tremuloides), and the northern hardwood-hemloclk
(Tsuga) forests of the Allegheny platean in Penasylvania that are now
cherry-maple (Prunus-Acer) forests, are two prominent examples.
Conversely, setting the rotation at the life span of the longest-lived species
would emulare disturbance well, but would sacrifice substantial economic
production from the shorter-lived species. A reasonable compromise in
such stands is to use multiple, species-specific rotations when incomplete
removal cuttings are made. Such silvicultural systems can be effective in
maintaining species diversity while also restoring single-cohort forests
to their naturally diverse, multd-cohort structures. Smith et al.
(1997:391—419} and the chapters in Kelty et al. (xgg92) outine many creative
approaches to this common probleim.
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Cutting cycles for multi-cohort stands

Unlike single- and two-cohort systems, multi-cohort stands are
never affected by severe disturbances and thus have no rotation per se. Yet,
the basic principle is the same: periodic partial harvest cuttings must
regenerate cohorts at approximately the same rate as the relevant partial
disturbance regime. This is quite a different approach from the typical way
multi-cohort stands are managed, which focuses on sizes and volumes of
trees harvested. For example, Runkle (1g85) noted that disturbance fre-
quencies for a wide variety of agents and severities ranged only from 0.5%
to 2% per year throughout temperate forests. This equates to average
return intervals ofso-2c0 years, which in turn represents the average time
an individual tree would be expected to reside in the canopy - essentiaily
equivalent to the rotation of a single-cohort stand.

To emulate this regime with mult-cohort silvicuiture, one sets a cutting
cycle (time between silvicultural disturbances for the stand as g whale), and
multiplies by an appropriate annual disturbance frequency to obtain the
total area to be created in canopy gaps at each stand entry. The inverse of
this number equals the number of cohorts to be maintzined {(Nvland
1996:200). For example, to emulate a 1% frequency (=100 year return
interval} on a constant 20-year cutting cycle, one would need to Iimit gaps
to 20% of the stand at each entry, with the aim of maintaining a 5~cohort
stand. Additionally, one would need to ensure that, on the average, trees
are harvested affer approximately roo years canopy residence time.
Holding the cutting cycle and disturbance rate constant over time, as in
thisexample, produces a perfectly balanced age structure within the stand.
Of course, nature is almost never so perfect and the cutting cycle and dis-
turbance frequency could be varied (in complementary ways) to produce a
more irregular structure with fewer cohorts that occupied different
amounts of area. Legacy trees of long-lived species should also be reserved
well beyond the 1o0-year limitto replenish large cavities and woody debris

SILVICULTURAL REGENERATION METHODS

Well before the discipline of ecology even existed, foresters were
devising regeneration methods by close observation of vegetation
response to disturbances. Natural patterns and their silvicultural ana-
logues can be usefully grouped into two distinctly different categories:
refeasing disturbances such as wind or insect outbreaks that kill from the
‘top down,” and those {mainly fire) that kill trees from the ‘bottom up’
(Smith etal. 1997:162-4).
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The shelierwood method

Releasing disturbances, even those that kill the entire overstory,
tend to favor miéd- to late-successional, shade-tolerant species that persist
as advance regeneration or perennial rootstocks in the understory. The
clear silvicultural analogue here is the shelterwood method, the defining
feature of which is the establishment of seedlings under protective over-
story cover before the overstory is removed. By varying the timing of estab-
lishment and removal cuttings, as well as the overstory density during the
regeneration stage, conditions can be created to favor virtually all but the
mostdisturbance-dependent species. By varying spatial pattern of the cut-
tings and leaving permanentreserve trees, vertical and horizontal diversity
can be greatly enhanced compared with more uniform treatments.

The uniform shelterwood method traditionally has been associated
with single-cohort structures, because the regeneration period occurs
during a relatively short peried near the end of the rotation of the clder
cohort. Smithet al. (x0g97:347-63) now refer to shelterwood cuttings as an
example ofa ‘double-cohort’ system, presumably because the old and new
cohorts overlap, however briefly, during the regeneration phase. This is
unconventional usage of the two-cohort terminology; here and elsewhere
(Helms zt al. 1994), two-cohort stands are those in which the older cohort
is more ot less permanently represented in the form of reserve trees left after
the rest of the overstory is removed. Irregular shelterwood systems with
more protracted regeneration periods fall in a gray area between the
uniform and distinctly two-aged cases. An excellent exampie is the
German Femelschlag (irregular group shelterwood) method {(Spurr
1956), in which the regeneration period may extend up to halfthe rotation.

Seed tree and clearcutting methods
Fires which kill from: the ground up tend to favor two categories of
species: shade-intolerant pioneers that establish best in open environ-

“." ments with exposed mineral soil; and species which reproduce vegeta-
7 tvely as stump sprouts or root suckers. The appropriate silvicultural

analogue depends on the specific source of propagules. Where severe fires
leave only scattered large trees thatare importantsources of seed for a new

- .cohort—such as the Douglas-fir and Scots pine examples discussed above
-~ the seed tree method is clearly most appropriate. Smith et al. {1997:347)
- treat seed tree and shelterwood cuttings similarly; the main distinction is
- that seed tree cuttings do not provide shade and protection to the new
- seedlings.

- Where fires or other severe disturbances kill virtually all vegetation, the
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appropriate silvicultural analogue is the clearcutting method. Unlike the
terms ‘seed tree’ and ‘shelterwood’ which accurately convey the ecolo gical
intent of the cuttings, clearcutting is a timber harvesting term that has a
widevariety of meanings within forestry. Inastrictsilvicultural sense, clear-
cutting applies only to cases wlhere seedlings develop after the complete
harvest. Seeds can come from surrounding stands, the crowns of trees har-
vested, or theseed bankin the forestloor, Where new plantsarise from veg-
etative sources (e.g., stump sprouts), thisis known as the coppice method.
Greatsemantic confusion arises because clearcutting as a harvesting term is
used bybothforestersand the publicto describeawidevariety of operations
where most or all the merchantable dmber is removed in a single entry.
These include removal cuttings in the shelterwood method, seed tree cut-
tings, and heavy selective cuttings (‘commercial clearcuttings’) with no sil-
vicultural intent. Silviculturists have thus found it necessary to use the
modifier frue or sifvicultural clearcut when speaking of a regeneration
harvest (Smith et al. 1997:327-8}. When the intent is to release advance
regeneration, the correct term is overstory removal cuiting, even if there were
no prior harvests and the advance seedlings are of purely natural origin.

Selection siluiculture

The selection regeneration method is yet another source of confu-
sion. Technically, this methoed applies to any type of harvest designed to
create regeneration under a multi-cohort silvicultural system. From an
ecological standpoint, most selection cuttings resemble the shelterwood
method; the only difference is that with selection, only a small portion of
the stand is regenerated in a single entry in order to perpetuate the multi-
cohort structure.

Artificial regeneration

if one were beginning to implement ecological forestry in a forest
unaffected by past human exploitation, then there would be no need for
any ‘artificial’ practices. Unfortunately, centuries of human use has often
reduced tree species diversity on scales that make natural reintroduction
unlikely. Here, planting and direct seeding can play a useful role in aug-
menting natural methods; these practices in the context of restoration
forestry are covered in Chapter 15,

ACOMMENTON STIIVICULTURAL TERMINOLOGY

The preceding section highlights the fact that silviculture is in a
state of evolution. Important new terms are replacing old, because silvi-
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culturists have become frustrated with the prescriptive implications of the
old language and its inability to describe creative, ecologically based prac-
tices and systemms. Foresters should not worry about whether z particular
practice has a convenient traditicnal pigeonhole somewhere in the silvi-
culture textbooks. The keyis to create the appropriate overstory and micro-
environmental conditions for tree growth, seedling establishment and
habitat for other species, within the confines of the chosen cohort struc-
ture. If traditional silvicultural terminology cannot readily describe novel
or unconventicnal combinations, this is a weakness of the terminology,
not of the person prescribing the treatmentor the treatment itseif,

Landscape-level decisions

HARVEST LEVELS AND AGE STRUCTURES

The volume of wood harvested annually is probably the single most
important decision affecting a forest property or region. Forest managers
have typicaily used one of two forest regulation methods: volume control,
typically associated with forests under uneven-aged management; or ared
control used in forests of single- or two-cohort stands. Area-based
approaches have one outcome in mind: a perfectly rectangular age distri-
bution, with equal areas in each age class up to the rotation, and none older
— the so-called ‘normal’ or perfectly regulated forest. As computer tech-

-~ nology has evolved, complex harvest scheduling models have emerged
" which combine both methods. Forest regulation under sustained-yield
" timber management has always attempted to maximize wood volumes
‘harvested over time, subject to long-run sustainability constraints that
*" may or may not include ecological parameters.
. The best way to determine an ecologically sustainable harvest level is
‘with an area-based approach that attempts to maintain (or recreate) a
‘natural landscape age structure. Under this modification of area regula-
..._moF the harvest is the sum of all timber volumes derived by applying the
appropriate silvicultural systems to the appropriate areas at a sustainable
“pace. It is not caleulated as function of actual forest growth or growing
‘stock volumes, as is done with various volume control methods. First, we
“will consider the simpler case of stand-replacing disturbances in forests
_composed of single-cohort stands, then extend this reasoning to partial
“disturbances in forests of predominantly muiri-cohort stands.
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Fig. 2.7. Comparison ofage structures resulting from a single rotation of 100 years vs. the
natural distribution produced by random disturbances {after Van Wagner 1978},

Stand-replacing disturbance regimes

Simply setting 2 managed forest rotation equal to the disturbance
interval does not accurately emulate a natural disturbance regime. To
understand why, compare a forest with a 1% annual stand-replacing fire
disturbance regime with a forest managed on a 100-year rotation (Figure
2.7). In nature, the quasi-random spatial pattern of disturbances results in
some stands burning repeatedly on short cycles while others escape for
long periods. Under certain conditions (see Van Wagner 1¢78), such a
torestwill approach a negative exponential (not rectangular) age distribu-
tion:

A{x) = p exp(~px}
where A{x) = area of age x; and
p =annual disturbance frequency = inverse of the return interval.

Under sustained-yield dmber management, no stands ‘escape’ harvest
and reach old age, nor are any young ones intentionally disturbed.
Importantly, the area burned or harvested (and thus regenerated) annually
isequal in both forests, but the natural forest has twice the mean age as the
managed one. Over 37% of the natural forest is older than the roo-year
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Fig. 2.8. Approximating the natural, negative exponential landscape age structure by manag-
ing different porrions of the forest on varying rotations.

timber rotation. If the disturbance is ‘shared’ equally among natural
causes and harvest (0.5% each), the resulting age structure will simply be a

: truncated exponential that resembles the timber-regulated forest much
- more closely than the natural structure, with no oid-growth stands (Van

Wagner 1983). Clearly, the problematical issue in mimicking natural pat-
terns is the ‘tail’ (Chapter 4) of old growth that does notexist with harvest-

_ing.

The most straightforward way to emulate this pattern under manage-

-ment would be to allocate different portions of the forest to successively

longer rotations, ranging from age so for short-lived species up to z00

- years for late-successional habitat. This would appear as a series of rectan-
. guiar distributions, each stacked on top of one another (Figure 2.8). For
~example, we could emulate the example above by harvesting 10% of the
“foreston a 300-year rotation, 15% at age 200, 20% at age 150, 35% at age
“100, and 20% at age 50. Sixteen percent would be harvested at a younger
~age than the classic normal forest (Figure 2.7), whereas 45% would be
.”._Emummmm on rotations longer than roo years. About 16% of the forest
- 'would be harvested and regenerated each decade, distributed among age
~classes as shown, just as in the natural situation.
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The foregoing example presumes that 2ll natural disturbances can be
preempted through management. In reality, some natural disturbances
will oecur, creating early successional forests, so the challenge of manag-
ers is to complement, not replace, the natural pattern. If substantial areas of
older srands existed in ecological reserves where disturbance patterns
were not altered by harvesting, then the age structure of the managed
forest could be configured to compiement that of the reserves (B.C.
Ministry of Forests 19952 However, if reserves were small or isolated such
that a single disturbance could eliminate the old forests completely, this
approach could ultimately prove unsatisfactory.

Yet another option would be simply to let some disturbance oceur and
salvage mortality afterward (with due consideration for biological legacy
issues), thereby letting natural events control the age structure. Although
appealing ecologically, such an approach would be highly impractical in
situations where the forest is fully utilized and a stable annual cut is
needed, but the area annually affected by disturbance is highly variable.

Partial disturbance regimes

Where partial disturbances dominate, only a small portion of the
landscape naturally occurs in single-cohort stands to which a single age
can bereadily assigned. Here, foresters should consider the forestnotas a
distribution of clearly defined age classes, butas a matrix of multi-cohort
stands, each of which is continuvally regenerating in relatively small
patches. Studies of disturbance regimes in such forests (e.g., Runkle 1991,
Frelich and Lorimer 1gg1, Frelich and Graumlich 19g4, and Dahir and
Lorimer 1996 for northern hardwood temperate forests) provide excellent
management templates to design multi-cohort systems. The key issues
are: (a) average disturbance frequency, or the area regenerated annually
within the stand, (b) the size distribution of gaps, and (c) how the gaps are
configured spatially. When such parameters are known, incorporating
them into multi-cohort silvicuitural systems is conceptually straightfor-
ward. Justas with single-cohortsystems, legacy issues mustaisc be keptin
mind by allowing some trees to reach their natural lifespans. For example,
in a northern hardwood forest that averages a 1% partial disturbance fre-
quency, one must allow some sugar maple trees to exceed 100 years of age,
justas they would in nature.

SPATIAL PATTERNS OF HARVESTS

Matching the temporal patterns aad intensity of harvests and
natural disturbances may be the key issue in ecological forestry, but we
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alsoneed to consider spatial patterns. Specifically, we need to ask: How do
the size, shape, and distribution ofharvests compare with the spatial char-
acteristics of natural disturbances? This question is relevant from a biodi-
versity perspective for atleast three reasons. First, alarge stand represents
different habitat for some species than a small stand. Second, stands with
irregular shapes have relatively more edge than regularly shaped stands
and edges represent a different type or quality of habitat for some species.
Finally, the spatial distribution of stands can affect the 2bility of organisms
to move across the landscape (e.g., a carnivore patrolling its home range,
or a plant propagule dispersing). All of these issues are particularly
germane when managing landscapes that are 2 mosaic of single- and two-
cohortstands. Inlandscapes covered by extensive multi-cohort stands, the
question is probably less critical because it is unlikely that organisms are
highly sensitive to the spatial configurations of small groups of trees.

The spatial patterns generated by natural disturbances can be complex.
Ataminimum they will be shaped by: (a} the unique attributes of a specific
event (e.g., velocity of a particular hurricane or wind direction during a
particular fire); (b) the topography of a given site (e.g., is there a hill to
provide a wind break or a river to provide a fire break?), and (c) the vegeta-
tion itself (e.g., are the trees relatively vulnerable or invulnerable to being
burned, blown over, killed by insects, etc.?). This variability might seem
terribly daunting for foresters trying to emulate it with their harvest plans,
but in 2 sense it also provides considerable latitude. The key is to under-
stand the general pattern of past natural disturbance events and to use this
asatemplate for laying out harvests. Itis preferable if this information can

- bespecific for a particular landscape. However, itis not possible to achicve

perfection. In the big picture, one is always trying to hit a moving target;

_for example, global climate change will always be shifting the patterns of
- fires and wind storms (Clark 1988). Certainly, most forest operations have
- enormous scope for improvement when it comes to emulating the spatial

patterns of natural events (Hunter 1993). Many landscapes managed for

timber production look like someone has been at work with a square

cookie cutter of about 1o hectares, punching a regular pattern of holes

~across the landscape (Figure 2.q). Spatial issues are covered in detail in
-+ Chapters 4,5, 6,and 7.

Balanced forestry

In this book many prominent forest scientists have been asked to

formulate a working hypothesis of how to maintain biodiversity in
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Fig. 2.¢. Landscapes dominated by single- and two-cohort stands are om.mm wﬁcmmz& m.z a
series of patches thatare guite uniform in size and shape and regularly Bmﬁﬁ.wﬁmm. This
pattern bears little resemblance to the spatial pattern generated by natural &mwzhﬁmmomm..
{The example shown here comes from the shortleaf pine forest type on the Ouachita National
Forest, Arkansas, USA. Jim Guidin, USDA Forest Service photo.}

managed forests. The implicit assumption here is that forest ecosystems
function to conserve bicdiversity just fine on their own. To put this another
way, a conservative person must asstme that, until proven otherwise, any
human manipulation represents a compromise between ecological integ-
rity and society’s demand for forest products. The disciplines of ecology
and conservation biology help us to understand the biological conse-
quences of human manipulation, but it falls upon the profession of
{orestry to balance these often-conflicting demands in practice. As human
populations grow in numbers and affluence, this balancing act becomes
more and more difficult, and it becomes clear that no single approach to
forestry will meet all of society’s needs.

It was this recognition — that society's competing demands were on a
coilision course — that led us to propose a fundamental change in our
home state of Maine, where there is little public forest Jand and where
industrial landowners have managed over 3 million contiguous hectares
under a mixture of custodial, extensive, and sustained-yield approaches
for nearly a century. At first, the situation seemed hopeless. Oo:mmémmwm
biologists had become concerned that only very small, mo:-ﬁmwmmmmuﬂmgm
areas were protected from harvesting, and thus there were few credible
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benchmarks against which to judge ecological consequences of forest
management activities. At the same time, forecasts of timber shortfalls
suggested thatany agenda for withdrawing forestland from harvestwould
meet stiff opposition on economic grounds.

While writing a review of ecological forestry in the Acadian spruce-fir
forest (Seymour and Hunter 1992), we realized that simply replacing
extensive forestry with ecological forestry — while clearly a very positive
step from the standpoint of biodiversity — would not solve the larger
problem. Setting aside adequate, representative areas for ecological
reserves without reducing timber harvests would require a compensatory
increase in production silviculture. Such a scenario is feasible in Maine
because extensive forestry has produced such low dmber vields; substitat-
ing production silviculture can raise per-hectare yields from threefold to
fivefold (Seymour 1993). Consequently one could, in theory, setaside 3—5
haofecological reserves for every hectare shifted into production forestry,
with no netloss in overall timber production. This rationale has also been
advocated as a global forest conservation strategy (Gladstone and Ledig
1990, Sedjo and Botkin 1997), in grassland and aquatic ecosystems
(Hunter and Calhoun 1996), and is supported by economists (Vincent and
Binkley 1993) and some conservation geneticists (Libby1993).

Where such increases in timber yields are possible, it is easy to see that
timber lost from setting aside 10% of the landscape in ecolo gical reserves
could, in the long run, be replaced by timber from a smali area ofland ded-
lcated to production silviculture. In this scenario, ecological forestry
would supplant extensive forestry, and constitute the predominant matrix
into which reserves and production forestry would be embedded. We call

- thisvisiona landscapetriad, in order to highlight the three, fundamentally
- different, objectives to which forest land would be dedicated on the land-

scape. Designing and managing such a landscape that attempts to provide

 for all societal demands would be an exampie of balanced forestry (after

Kimmizs 1992), a term chosen to acknowledge explicitly that all uses have
inherentworth and thus mustbe balanced against one another in practice.
The triad does not, as some have inferred, suggest an equal allocation;

. - exact values in each sector must come from case-specific analyses. For
‘example, consider the United States South where most of the landscape
-was once cleared for agriculture and land is inherently quite productive.
‘Here, the forest industry is actively converting abandoned agricultural
- lands to high-production loblolly pine plantations, and it is probably inev-
~itable that the landscape will be dominated by production forests.
Nevertheless, ecologically viable blocks and corridors of natural forest,
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wetlands and riparian zones could be established to maintain critical bio-
diversity functions. Alternatively, rather than convertall degraded lands to
commodity producticn, innovative silviculture could be used to restore
more natural communities (e.g., longleaf pine} where necessary to ensure
landscape connectivity and maintain critical habitats not provided by the
production-priented matrix. In contrast, consider New Zealand, where
plantations of exotic species are extremely productive and native forests
are difficult to manage on short rotations. Here, the approach has been to
produce almostall timber from plantations and to setaside the vast major-
ity of the remaining native forest,

IMPLEMENTING A LANDSCAPE TRIAD

The first and perhaps most critical step in practicing balanced
forestry is to accept and support the premise that some of the landscape
mustbe leftalone. This is a difficult step for many foresters who have been
inculcated with a ‘manage everywhere’ mentality that assumes virtually
any forest can be improved through careful human intervention, and that
gocd silviculture must be good for biodiversity. This may be true, but given
our current state of ignorance about biodiversity, a conservative ethic
dictates that we regard it as an hypothesis, not an established fact.
Importantly, this hypothesis cannot be tested without adequate experi-
mental controls from which to learn and adapt management accordingly;
hence the need for a scientifically designed system of reserves (see Chapter
16).

Once a system of reserves is in place, one needs to assess the commod-
ity-production potential of the unreserved landscape. Where timber
demands arerelatively low, intensive application ofecological forestry will
likely sustain them. If, however, demands are relatively high, itis likely that
some portion of the landscape will need to be managed under production
silviculture to offset the reserves. Foresters would naturally seek to estab-
lish high-yield plantations on the most preductive sites. Conservation
biologists would advocate locating them where they would do the least
damage; i.e., the most degraded communities {such as lands formerly
converted to agriculture, repeatedly high-graded, etc.). Often these are the
same lands, so decisions should be straightforward. If plantations do not
disruptkey features such as landscape connectivity and riparian zones, are
limited to a minority of the total forest, and are managed on sufficiently
long rotations without whole-tree harvesting in order to maintain the
integrity of nutrient cycles, then there should be little cause for alarm.

DPrinciples of ecological forestry
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DOWE REALLY NEED PLANTATIONS?

Advocates of ecological forestry often question whether growing
treesunder an agricultural paradigm is really necessary in order to achieve
high timber yields. They argue that by managing natural forests more
intensively and sensitively, both timber yields and ecological values could
both be increased. We accept this premise up to a point; it is certainly true
where sophisticated ecological foresay replaces low-budget extensive
forestry. However, the success of production silviculture, as in intensive
agriculture, derives from the fact that canopy leaf areas are carefully con-
trolled to maximize carbon fixatiorn in merchantable stemwood of eco-
nomically useful species, all of which is eventually harvested. Ecological
forestry, in contrast, demands thata significant portion of the carbon fixed
by photosynthesis be left on site in the form of various structural elements,
and further, relies on manipulating canopy structure for purposes other
than maximum leafareas.

A related issue that has come under intense discussion in Burope and
parts of North America is whether certain features of ecological forestry
can be incorporated in production silvicultural systems. Clearly, practices
suchas leaving dead snags and conserving downed woody debris which do
not resultin competition to the crop trees, should be used wherever pos-
sible, regardless of the stand-level objective. Lengthening rotations may
beanother valuable option, especially if doing so actually results in higher
production of more valuable products (Peterken 1996:425-63). Leaving
living reserve trees, which may compete with the developing stand, is a

-~ more problematical issue. Is there some sort of hybrid silviculture that

achieves both high timber outputand high levels of diversity? We have few
answers, though there js reason to be skeptical, for the more an ecosystem

- is simplified through production silviculeural practices, the more likely we
- are to lose some elements of biodiversity that depend on its natural com-
-~ plexity. However, this is not to discourage creative foresters from attempt-
-ing innovative modifications to plantation silviculture, for we will
- undoubtedly learn much from this experience (Chapter 12).

Summary

Forestry has evolved many different models such as custodial

: ...”.moy.mmcﬁ sustained-yield timber production, multiple-use forestry, pro-
~duction forestry, and extensive forestry. One of the newest forms focuses
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on maintaining the ecological integrity of forest ecosystems; it is known
by many terms —we call it ‘ecclogical forestry’. The central axiom of eco-
logical forestry is that any manipulation of a forest ecosystem should
emulate the natural disturbance patterns of the region prior to extensive
human alteration of the landscape. This axiom is based on the assumption
that native species have evolved under these natural disturbance regimes
and will be better able to cope with human-induced disturbances such as
logging if these are designed to imitate the key characteristics of natural
disturbances: the return interval between disturbances, disturbance sever-
ity, and the spatial pattern of disturbances.

Stand structures maintained under ecologically based silvicultural
systems can beeither single-cohort, two-cohort, or multi-cohort, depend-
ing on the disturbance agent, its severity, and return interval. Emulating
disturbances at the stand level should pay close attention to providing bio-
logical legacies (typically large, old trees and dead snags) similar to those
that survive natural disturbances. Silvicultural regeneration methods
should aiso be patterned after natural disturbance processes; the critical
difference is whether seedlings originate prior to, or after, the distur-
bance. Atthelandscape level, the crucial pointis to regenerate areas of new
cohorts at approximately the same rate as the natural disturbance cycles
would have, and to ensure that the natural diversity in age and structure are
conserved and maintained. To emulate large-scale stand-replacing distur-
bances, single- or two-cohort stands managed under several different
rotations should be employed. Special attention should be giver to ensur-
ingthatsome forests reach atleasttwice the age of the average disturbance
interval. Inforests with patchy, partial disturbances dominated by gap pro-
cesses, having multi-cohort stand structures managed under variable
cutting cycles best emulates natural patterns.

Ultimately, human demand for timber is likely to make it impossible to
practise ecological forestry in all forests, especially if we want to set aside
larger areas of forests to serve as ecological reserves. This reality will likely
dictate thatwe practise balanced forestry, represented by a triad of produc-
tion forestry and ecological reserves embedded in a matrix of ecological
forestry.

Further readings

Traditional silviculture texts such as Smith (1962), Smith et al.
{1997), Nyland (rg96) and Matthews {1¢8g) are good starting points for

Principles of ecological forestry 57

understanding the context and evolution of ecological forestry. Peterken
(x981) and Hunter (1ggo) are early syntheses of ecological forestry ideas;
more recent treatments include Alverson ef al. (1994) and Kohm and
Franklin (1997). Recent forestecology texts such as Perry (19g4), Kimmins
(1947), and Barnes et al. (19g8) provide excellent coverage of biophysical
process and how they interact with disturbances.
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