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Silvicultural Systems

In forestry terminology, silvicultural systems describe the series of treatments by
which a stand is harvested, regenerated, and tended to produce timber and
other forest products. In its second report, the Panel recommended a broad set of
management objectives for forestry operations in Clayoquot Sound based on
principles of sustainable ecosystem management (Scientific Panel 1994a). These
objectives differ from those of conventional forest management; they refine and
extend the objectives specified for Clayoquot Sound in Clayoquot Sound Forest
Practices Standards (B.C. Ministry of Forests 1993a). The silvicultural systems and
harvesting methods required to meet the refined objectives also differ.

The silvicultural system recommended by the Panel (Section 3.4) is intended to
meet the objectives of sustainable ecosystem management while providing land
managers some flexibility in their actions. The recommended silvicultural
system and planning process are inseparable parts of an integrated approach
to ecosystem management. Success of the silvicultural system recommended by
the Panel depends on the specification of harvestable and reserve areas as
described here (Section 3.4) and under planning (Chapter 7).

Selecting a silvicultural system is a separate decision from the rate at which a
forest is harvested—the “rate-of-cut.” The choice of silvicultural system is based
on site-specific characteristics and management objectives for a specific area of
land. The determination of rate-of-cut, while considering these factors, employs
larger planning units such as a watershed or collection of watersheds, and is
calculated as an area.

The rate-of-cut and allowable annual cut (AAC) are also distinct. AAC is
expressed as volume and, although currently an input, should be an output of
the planning process based on the area that can be cut under rate-of-cut
provisions. The determination of AAC also considers operational and social
factors, such as access development, employment, and community stability.
Rate-of-cut is based on area and is an input to the planning process, constrained
by hydrological, fisheries, and other considerations. Confusion arises because
the AAC can vary from year to year, in which case the volume removed may
also be referred to as rate-of-cut. In fact, the earliest methods for regulating
forest harvest were area-based. They were supplanted by volume-based
methods in late eighteenth-century Prussia when economic considerations began
to dominate forest management.

While the two decisions—choice of silvicultural system and rate-of-cut—are
distinct, they are not independent. For instance, a silvicultural system that
generates wood fibre in as short a time as possible facilitates a high rate-of-cut.
Because the rate-of-cut and the silvicultural system recommended by the Panel
address the area of forest remaining after harvest, they are considered together.
They are inseparably related to the recommended approach to planning, which
also is area-based and specifies allowable annual cut as an output of the planning
process.
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Conventional Silvicultural Systems

The dominating objective of conventional silvicultural systems has been to create
appropriate conditions for regenerating selected tree species. Silvicultural
systems are named by the cutting method used to achieve that objective.

Clearcutting, seed tree, and shelterwood are even-aged systems because they
create stands in which trees are predominantly one age class. The selection
system is an uneven-aged system because it maintains or creates forests with
trees of many ages. These silvicultural systems are considered to be discrete;
each is suited to particular tree species, specific sites, and specific management
objectives. These four systems have been defined in many silvicultural
textbooks, and are described briefly here.

The clearcutting silvicultural system removes all trees in a given area in one
cutting, after which an even-aged stand is established by planting or natural
regeneration. Clearcuts generally exceed 1 ha (and may be much larger), so that
most of the opening is not shaded or sheltered by the surrounding forest.3

The seed tree silvicultural system leaves selected standing trees scattered
throughout a cutblock to provide seed sources for natural regeneration. The
number of trees left depends on many factors, but generally does not exceed 30
trees/ha. The biggest, straightest, most windfirm, and best-looking trees are
retained to provide seed; they may be cut at a later date or left as residual old
trees in the regenerating stand. The seed tree system results in the growth of an
even-aged or mostly even-aged stand with scattered veterans or older trees.

The shelterwood silvicultural system removes the existing stand in a series of
two or more cuttings, typically five to ten years apart, that open the stand to
encourage regeneration. An essentially even-aged stand develops under the
temporary shelter of the remaining trees. The number of “leave trees” retained as
shelter during the regeneration period generally ranges from 30 to 100 trees/ha.
Leave trees may be dispersed throughout the cutblock or clumped in patches or
strips (in group or strip shelterwoods, respectively). Leave trees are cut after
regeneration is established.

Selection silvicultural systems involve repeated cuttings, each of which removes
some trees in all merchantable size classes in a stand, either as individuals, in
small groups, or in strips. In selection systems, young trees are planted or
regenerate naturally among the remaining older trees. This periodic cutting and
continual regeneration of trees maintains an uneven-aged stand structure. At the
completion of the planned cuttings, all or most original trees may have been cut.

Single tree selection and group selection are two variations of the selection
system. Single tree selection involves harvesting trees from each diameter class

39An equidimensional 1 ha opening measures 100 m on a side; that is, approximately two site
potential tree heights on many Clayoquot Sound sites. Except on moderate to steep south-facing
slopes, more than half the clearing would be in shadow for more than half the year.
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more or less uniformly throughout the stand. Mature trees are removed, at
intervals, as scattered individuals or in groups of two or three trees. Single tree
selection is impractical when applied to old-growth forests of large trees because
it is usually impossible to remove single stems safely. Group selection involves
the harvesting of groups of trees in patches of less than one hectare distributed
throughout the stand. Group selection creates a patchwork of small openings
providing favourable microclimates for tree species that regenerate better with
more shade or shelter than is present in larger openings. Group selection differs
from small patch clearcutting in that a series of entries, creating an uneven-aged
structure, is planned; it differs from shelterwood in that extensive forest cover is
retained. In strip selection, a variation of group selection, trees are removed in
strips.

It should be noted that harvesting done without planning for subsequent
regeneration and tending of the next crop of trees cannot be considered a
“silvicultural system.” For example, “selective logging” merely designates a type
of cutting that removes only certain species above a certain size or value. The
term is often associated with “highgrading,” or cutting only the most valuable
trees in a stand. Thus, selective logging is not synonymous with selection
logging and is not a silvicultural system. Similarly, clearcutting areas of forest
without considering the regeneration and growth of the next stand cannot be
considered a silvicultural system.

Currently, silvicultural systems in coastal British Columbia are usually described
as either clearcutting or “alternative silvicultural systems.” The latter term refers
to all systems other than conventional clearcutting (e.g., seed tree, shelterwood,
selection, clearcut-with-reserves, and other reserve systems; point 4 below).

Four important points can be drawn from this review of conventional
silvicultural systems.

1 Conventional silvicultural systems are designed to encourage a specific
environment for regenerating a subsequent stand. The success of these
systems is evaluated in terms of the numbers of young trees of desired
species present some time after logging.

2 Because of their focus on regeneration, conventional silvicultural systems
have historically incorporated a relatively narrow set of post-logging
treatments appropriate to the particular system. Clearcutting, for example, is
usually followed by specific methods of site preparation, slash disposal,
regeneration, control of competing vegetation, and other practices such as
pre-commercial thinning (spacing).
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3 Some conventional silvicultural systems retain, for some period, a portion of

4

the original stand. However, the degree of retention is limited largely to two
extremes: almost all or almost nothing (Figure 3.1). Clearcutting and seed
tree systems typically retain 5% or less of the original stems. The same is true
of the shelterwood system, except during the short intervals between initial
and final cuts. Shelterwoods represent only a short-lived mid-range of
retention as the retained trees are typically cut after regeneration has been
successfully established. Where trees are not large, selection systems retain
70-80% of the stems after the first entry; 80% may be impractical and unsafe
in old-growth forests of Clayoquot Sound. Within a selection system, the
percentage of original stems retained declines with each subsequent entry
and the stems removed are gradually replaced with younger trees.

Figure 3.1 Extremes of retention in conventional silvicultural systems.
clearcutting shelterwood selection
and seed tree (short-lived) cutting

(0] 25 50 75 100
no stems : o all stems
retained trees retained (%) retained

Attempts to express the expanding objectives of forestry using conventional
terms have proven cumbersome and confusing. In the terminology used in
British Columbia, the trees retained for other objectives (e.g., wildlife trees,
visual quality) are sometimes referred to as “reserves” and the modified
silvicultural systems are referred to, for example, as “clearcut-with-reserves”
or “seed-tree-with-reserves.”

Clearcut-with-reserves describes a system in which some scattered
individual trees or small groups of trees are left within a clearcut area to
provide for wildlife or other values. The approach has also been called
“green tree retention” and “wildlife tree retention,” among other terms.
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Current Silvicultural Systems in Clayoquot Sound

Clearcutting is the overwhelmingly dominant silvicultural system used in
Clayoquot Sound. As shown in Table 3.1, with the exception of 11.5 ha cut in an
alternative silvicultural system research trial in 1992, all of the area logged
between 1988 and 1993 was clearcut. The average harvest was 950 ha/yr during
this period, but the area cut has declined from over 1200 ha in each of 1988 and
1989 to less than 600 ha in 1992 and 1993.

Table 3.1 Logging in Clayoquot Sound, 1988-1994.

Year Volume cut (m3) Total area cut (ha) Area clearcut (ha)
1988 959 311 1280 1280
1989 958 035 1320 1320
1990 762 689 950 950
1991 777 375 970 970
1992 452 800 570 558
1993 428 400 520 520
1994 (estimate) 421 547 510! 4082

Eestimate based on volume per hectare.

2Estimate based on 1994 approvals; final figures not yet available. The 102 ha not included as clearcut is classed
primarily as clearcut-with-reserves.

Source: Clayoquot Sound Land-Use Decision Update (British Columbia 1994) and B.C. Ministry of Forests,

Port Alberni Forest District, unpublished data.

Including 1994 developments, six cutblocks have been logged or are currently
being logged in Clayoquot Sound using alternative silvicultural systems. As
shown in Table 3.2, these include an experimental selection silvicultural system
trial undertaken by the B.C. Ministry of Forests in 1992 and two blocks described
as clearcut-with-reserves that were being logged in the fall of 1994. Three
additional clearcut-with-reserves blocks have been approved by the Interagency
Review Team (IRT) in Clayoquot Sound for logging in late 1994/ early 1995.
These blocks are described in Table 3.3. The IRT has established a goal that 25%
of the harvest volume proposed in 1995 logging plans will be logged by
alternative silvicultural systems.
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Table 3.2 Completed or currently active cutblocks using alternative
silvicultural systems in Clayoquot Sound.
System Location Description Tenurel
Single tree and Cat’s Ears ¢ A research/demonstration project of the B.C. B.C. Ministry of
group Creek Ministry of Forests FFIP3 involved two blocks ~ Forests
selection? on very steep terrain. SBEEP
¢ Individual trees and small patches of trees TS A35014
were marked for falling, and were yarded by
Sikorsky S-61 helicopter in 1992.
e The total area from which trees were removed
was 11.5 ha.
e Falling and removal of individual trees and
groups of trees could not be done as
planned.?
Clearcut-with- ~ Matlset e Block Mat 100 is on moderately steep slopes  MacMillan Bloedel
reserves Creek in the headwaters of Matlset Creek. TEL 44
e The block is 12.5 ha with approximately eight CP 12
small patches of reserved trees within the
cutting area. Reserves range from single trees  Block Mat 100
to 0.2 ha. Some 176 trees larger than 30 cm
were marked as wildlife trees within the
reserves prior to cutting.
¢ The block is inaccessible by road and was
being yarded in October 1994 by Sikorsky S-
61 helicopter.
Clearcut-with-  Cypre River e Cypre River Block 121 is on moderately steep  MacMillan Bloedel
reserves slopes in the upper reaches of the Cypre TEL 44
watershed.
¢ The block was being logged in October 1994 CP 900
by grapple yarder. Block 121

The block is 33.5 ha. There are reserve
patches along three steep gullies and the main
stream of Cypre Creek, and scattered
individual trees on the lower slopes of the
cutblock. The reserve area is approximately

6 ha. Individual trees to be reserved within the
block and along the boundaries were marked
prior to cutting.

lcp- Cutting Permit; SBFEP - B.C. Ministry of Forests Small Business Forest Enterprise Program; TFL - Tree Farm
Licence; TS - Timber Sale.

2Although the system was termed “single tree,” in practice it proved impossible to remove single trees safely.

3FFIP is the “Fish/Forestry Interaction Program,” a long-term research program initiated by the federal and
provincial governments and continued by the B.C. Ministry of Forests, studying the implications for fish of logging on

steep hillsides.
Source:

Bloedel, Kennedy and Estevan Divisions; and Interfor, Tofino Division.

Information provided and reviewed by B.C. Ministry of Forests, Port Alberni Forest District; MacMillan

Notes:

1. The Panel has visited and reviewed cutblocks in the Tofino Creek watershed and at Dawley Passage
that have been described as “clearcut-with-reserves.” The Panel does not consider these blocks to be
sufficiently different from conventional clearcutting to be included in this table. The Panel also reviewed a
number of small cutblocks in Stewardson Inlet and considers these to be unusually small clearcuts, but
not a group selection system because a series of entries creating an uneven-aged forest is not planned.
These blocks also are not included in the table.

2. The Panel is aware of, but has not visited, a number of blocks in Clayoquot Sound that may meet the
definitions of clearcut-with-reserves, but that were not described as such at the time the blocks were
approved.
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Table 3.3 Blocks approved for future logging with alternative silvicultural
systems in Clayoquot Sound.

System Location Description Tenurel
Clearcut-with-  Fortune e Block 1-67 is approved by the IRT and MacMillan Bloedel
reserves Channel expected to be logged in late 1994/ early
TFL 44
1995.
(1 block) CP 12
e |tis 18.8 ha on flat and gently sloping terrain
divided into four cut areas. Block 1-67
¢ |ndividual trees and clumps of trees within the
blocks are marked as wildlife trees and will be
retained. The total area to be logged is
18.4 ha.
¢ Itis planned for yarding by hoe forwarding and
grapple yarding.
Clearcut-with-  Kennedy e Two cutblocks, M3A and M3B, have been International
reserves Flats approved by the IRT and are scheduled for Forest Products
(2 blocks) logging in November 1994. TEL 54
e Both blocks are on gentle slopes and were CP 100

originally part of one larger block. They are
separated by a strip of forest representing a
section of riparian Forest Ecosystem Network
(FEN).

Both blocks incorporate a “take and leave
pattern” of cut and reserve areas, and
retention of marked trees along the cutting
edges is planned.

Block M3A has a total area of 4.7 ha with
3.1 ha to be logged in three patches and
1.6 ha to be reserved in three leave areas.

Block M3B is split by a riparian corridor FEN
and retention of scattered individual trees and
a corridor of trees between two parts of the
block is planned. The total area is 4.4 ha with
3.8 ha to be logged in four patches and 0.4 ha
to be reserved in one leave area.

The area will be yarded with a grapple yarder
and backhoe tailspar.

Blocks M3A and
M3B

1CP - Cutting Permit; SBFEP - B.C. Ministry of Forests Small Business Forest Enterprise Program; TFL - Tree Farm

Licence; TS - Timber Sale.

Source:  Information provided and reviewed by B.C. Ministry of Forests, Port Alberni Forest District; MacMillan
Bloedel, Kennedy Lake Division; and Interfor, Tofino Division.

Notes: 1. The Panel is aware that a number of blocks involving alternative silvicultural systems are in various
stages of planning but have not yet been approved by the IRT.

2. The draft Coastal Biodiversity Guidelines (April 1994) state that “the goal of a Forest Ecosystem

Network is to maintain a network of old-growth, mature forests, and special habitats (such as riparian
zones, cliffs and critical habitats for threatened/endangered species) and provide some forest-interior
conditions within each landscape” (B.C. Ministry of Forests 1994b:7). See also the glossary of the British
Columbia Forest Practices Code Standards with Revised Rules and Field Guide References (B.C.

Ministry of Forests and B.C. Ministry of Environment, Lands and Parks 1994a:179).
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At least 59 other cutblocks on Crown land on British Columbia’s coast have been
identified where alternative silvicultural systems have been used in the last five
years (Moore 1994). Two recent examples of clearcuts-with-reserves can be
found near Clayoquot Sound. At McTush Creek, approximately 25 trees/ha
have been left dispersed within cutting areas which are separated by patch
reserves; the cutblock was yarded with a hoe chucker and grapple yarder. At
Gretchen Creek, approximately eight small patch reserves have been left within
a cutblock yarded with ground-based yarding equipment. (Yarding methods are
illustrated and discussed in Chapter 4).

Clearcutting-with-reserves in cutblocks in the Nimpkish Valley and at Sandcut
Creek near Jordan River, and group selection at Lagins Creek and other
“reserve” systems at Naden Harbour (both sites on the Queen Charlotte Islands)
have been implemented in conditions generally similar to those of Clayoquot
Sound. Cable yarding in non-clearcut blocks has been carried out in a research
trial near Roberts Creek on the Sunshine Coast, and at Copper Canyon Road near
Chemainus. Helicopter yarding has been used in a research trial involving
alternative silvicultural systems on very steep slopes at Rennell Sound in the
Queen Charlotte Islands. The Montane Alternative Silvicultural Systems (MASS)
research site near Courtenay, initiated by MacMillan Bloedel, demonstrates the
use of ground-based yarding equipment in old-growth forest on gently sloping
terrain for both shelterwood and clearcut-with-reserves systems.

3.2.1 Advantages and Disadvantages of Clearcutting

Several reasons are cited for the use of clearcutting as the silvicultural system of
choice in coastal old-growth forests, such as those of Clayoquot Sound. They
include the following:

* (Clearcutting simplifies the logistics of harvesting, site preparation, and other
management practices with consequent economic efficiency.

¢ (learcutting requires fewer roads and gives access to more timber volume
per length of road than other conventional systems. (Clearcutting does not
necessarily reduce length of active road; see F3.13 and discussion of grapple
yarding in Chapter 4.)

* (learcutting is the system with which there is the greatest operational
experience and expertise.

* C(learcutting is the system best suited to the large equipment required to
move large logs.

® Safety risks are better understood with clearcutting than with other systems.

® (learcutting is the easiest way to minimize the risk of trees blowing down
because it removes all trees from relatively large areas.
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Clearcutting can increase populations of those wildlife species (e.g., deer)
that prefer early successional habitats, so long as appropriate amounts of
suitable forest are nearby.

Clearcutting provides tolerable (but not optimal) conditions for establishing
seedlings of most commercial tree species and favours rapid growth of
species that require little shade.

Clearcutting allows the use of prescribed fire (or slashburning) to prepare
sites for regeneration, to improve access for tree planters, and to reduce fire
hazard following logging.

Clearcutting allows the use of genetically improved growing stock through
planting.

Clearcutting is useful for the control of dwarf mistletoe that might infect
young trees.

Clearcutting also has disadvantages. As clearcutting was practised in Clayoquot
Sound in the past, these include the following:

Clearcutting affects streamflow by significantly changing patterns of
evapotranspiration, snow accumulation, and snowmelt.

Clearcutting leads to increased instability and soil erosion on steep slopes.
This often results in increased sediment in streams, which degrades aquatic
habitats, and creates long delays in re-establishing forest cover, with
attendant losses in productivity.

Clearcutting exposes organic soils (folisols) and other thin soils to sunlight
and wind, resulting in desiccation and subsequent soil loss from steep rocky
areas, fissured limestone, and bouldery ground.

Clearcutting removes all trees older than the length of the cutting cycle.
Therefore, all plant and animal species that require old trees can no longer be
sustained on that site.

Clearcutting replaces naturally uneven-aged forests with even-aged forests
that greatly reduces structural and age-class diversity and, often, changes
tree species composition. This affects vertebrates and probably other species
adapted to natural disturbance regimes (Bunnell 1995a).

Clearcutting removes all living trees and standing dead trees, thereby
removing both present and future sources of large, decaying trees. This
removal affects many wildlife and fish species that require specific structural
components of forests (e.g., snags, downed wood, woody debris in streams),
as well as other organisms such as epiphytes and fungi. (See Sections 2.2.2
and 2.2.3.)
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¢ The large tracts of young, even-aged forest that grow following clearcutting
have fewer gaps than natural, uneven-aged forests. These gaps are important
to a variety of species.

* C(learcutting has damaged areas of cultural significance to the
Nuu-Chah-Nulth, and has removed culturally modified trees.

* (learcutting is unattractive to many people, particularly when cutover areas
are large, where cutting is highly visible (such as on steep slopes), and when
clearcutting occurs close to communities and recreational areas.

The disadvantages of clearcutting compared to other silvicultural systems are
greater when clearcuts are large, road networks are extensive, and heavy
machinery has disturbed and compacted the soil. Retaining trees avoids some
disadvantages while providing greater opportunity for maintaining important
forest components such as culturally modified and wildlife trees. Recent changes
in silvicultural practices in Clayoquot Sound, such as incorporating “reserves” in
clearcutting systems (see Tables 3.2 and 3.3), are intended to reduce these
disadvantages.

3.2.2 Standards for Silvicultural Systems

Most existing standards regulating forest practices in coastal British Columbia,
including Clayoquot Sound, assume that clearcutting is the silvicultural system
of choice. The Coast Planning Guidelines Vancouver Forest Region (October 1993),
British Columbia Coastal Fisheries/Forestry Guidelines (July 1993), and Development
Plan Guidelines for the Vancouver Forest Region (December 1993), for example, do
not mention evaluation of other silvicultural systems. Rather than restricting
clearcutting or requiring other silvicultural systems, most standards merely
restrict the sizes and patterns of clearcuts, and the rate of clearcutting, or
regulate practices occurring within clearcuts.

Three significant exceptions address other silvicultural systems. The proposed
standards to be implemented under the Forest Practices Code of British Columbia
Act (July 1994) require that all relevant silvicultural systems should be
considered to ensure that forest management objectives are met, and restrict the
use of clearcutting on some sites. The British Columbia Forest Practices Code
Standards with Revised Rules and Field Guide References state that “Unless
otherwise authorized in the Standards, a clearcutting silvicultural system must
not be prescribed for sites with very unstable terrain, sites where clearcutting is
incompatible with retention of visual quality objectives, wildlife habitat areas
where canopy retention is essential for population maintenance, and old-growth
management areas” (B.C. Ministry of Forests and B.C. Ministry of Environment,
Lands and Parks 1994a:75). The standards also state that silvicultural systems
that have a reasonable likelihood of creating serious forest health problems in the
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residual stand or understory, or precluding successful regeneration of the
preferred and acceptable species, must not be prescribed.40

The draft Coastal Biodiversity Guidelines state that “Silvicultural systems that
retain more of the natural forest structure will maintain more historic levels of
biodiversity” (B.C. Ministry of Forests 1994b:14). The guidelines note that every
effort should be made to retain important attributes of historic forests such as
snags and large living trees, and that harvesting, site preparation, and stand
tending practices should be modified so that the value of the early seral habitat is
improved and mature forest attributes develop faster in the managed forest
(ibid.:14-15). The guidelines further recommend that some safe snags and large,
living trees should be retained during all forestry operations (ibid.:14).41

The most recent Pre-harvest Silviculture Prescription Procedures and Guidelines for
the Vancouver Forest Region require that all silvicultural systems be considered,
and that the reasons for choosing a particular system be documented (B.C.
Ministry of Forests 1994d:11).

Standards specific to Clayoquot Sound also refer to silvicultural systems other
than clearcutting. The Clayoquot Sound Land Use Decision Background Report states
that “single tree selection and group selection systems will be utilized in
sensitive areas within the scenic corridors” (British Columbia 1993a:12).42 No
reference is made to use of silvicultural systems other than clearcutting in the
General Integrated Management Area.

The Clayoquot Sound Forest Practices Standards state that “alternative silvicultural
systems will be tested and utilised where objectives and strategies limit
clearcuts” (B.C. Ministry of Forests 1993a:4). The alternative systems, which
could include clearcut-with-reserves, single tree, or group selection systems,
“will primarily be used to allow harvesting in areas of high value for other
resources such as landscape, biodiversity, water quality, or areas with a risk of
soil mass movement or erosion” (ibid.). As indicated in Tables 3.2 and 3.3, two
such cutblocks were being logged with alternative silvicultural systems in 1994,
and three more blocks were approved by the IRT for logging with alternative
silvicultural systems in late 1994 or 1995. The helicopter logging at Cat’s Ears
Creek (Table 3.2) was an experimental program implemented prior to the
Clayoquot Sound Land Use Decision and the specification of forest practices
standards for Clayoquot Sound. Several other blocks using alternative
silvicultural systems are in various stages of planning and review for logging in
1995 and 1996.

40The Panel is aware that standards proposed in the Forest Practices Code of British Columbia Act of
July 7, 1994, are still evolving, and has reviewed only standards proposed to that date.

41The Panel is aware that the draft Coastal Biodiversity Guidelines (April 21, 1994) will be incorporated
into, and replaced by the biodiversity guidebook to be implemented with the Forest Practices Code.

4ZSingle tree selection is impractical in old-growth forests of large trees because it is usually
impossible to remove single stems safely.
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The Interim Measures Agreement does not mention alternatives to clearcutting, but
restricts harvesting systems*3 in the Clayoquot River Valley and on Flores Island
to “longline and full suspension aerial cable yarders, and/or helicopter/balloon
type systems” (British Columbia and the HawiiH 1994:12).

The Government of British Columbia Response to the Commission on Resources and
Environment’s Public Report and Recommendations Regarding Issues Arising from the
Clayoquot Land Use Decision states that “innovative harvesting systems will be
emphasized in areas requiring sensitive treatment” but also makes no reference
to the use of alternative silvicultural systems in Clayoquot Sound (British
Columbia 1993¢:7).

Characteristics of Clearcuts as Defined in Standards

The most obvious features of a clearcutting silvicultural system are the absence
of trees in logged openings and the size, shape, and distribution through time of
the openings or clearcuts.

Approaches to clearcutting are changing. Current standards in Clayoquot Sound
are different from earlier (1980-1990) standards which permitted larger areas to
be logged without retaining intervening forests. However, the effects of areas
clearcut under current standards are difficult to separate from the larger
landscape effects created by past clearcutting practices. The dominant pattern of
clearcuts observable today reflects the history of clearcutting practised over
several decades under evolving standards and practices. The five characteristics
defining the nature and scale of clearcutting operations and relevant standards
follow. The changing nature of standards is noted.

Photo 3.1

Past clearcutting practices
sometimes covered large areas
and had significant impact on the
environment.

TN harvesting system is the mix of felling, bucking, and yarding methods used in logging a stand of
timber, as compared to a silvicultural system which describes the planned cycle of activities by which
a stand is harvested, regenerated, and tended over time. Yarding methods are discussed in detail in
Chapter 4.
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Trees Removed

Silvicultural regulations throughout British Columbia require that all trees taller
than 3 m be felled within the clearcut area. Worker safety regulations require that
all snags and “danger trees”4* within the area be felled, including all snags and
trees along the block perimeter that pose a hazard to workers. In effect, all live
and dead trees within the cutblock taller than 3 m (and many smaller than 3 m)
are felled during clearcutting, or are knocked down during yarding, regardless of
whether they are used.

Individual Cutblock Size

Before 1992, there was little effective restriction on cutblock size. Although the
Coast Logging Guidelines specified a maximum cutblock size of 200 acres (80 ha)
(B.C. Ministry of Forests 1972), these guidelines were not enforced after 1980 and
individual block sizes could then exceed 100 ha. Under the 1992 Coast Planning
Guidelines Vancouver Forest Region the average cutblock size could not exceed

40 ha (B.C. Ministry of Forests 1992a). Larger cutblocks were permitted for
reasons such as salvage of blowdown and trees killed by insects, disease, or
wildfire, provided all government agencies to which the harvest plan was
referred approved, and that the average of 40 ha was not exceeded. The more
recent Coast Planning Guidelines Vancouver Forest Region (October 1993) and the
proposed provincial Forest Practices Standards to be implemented under the
Forest Practices Code of British Columbia Act restrict all new clearcuts to a maximum
of 40 ha; smaller sizes are preferred.

Standards for block size are also specified for Clayoquot Sound. The Clayoquot
Sound Land Use Decision Background Report states that clearcutting in Clayoquot
Sound will be restricted to “smaller dispersed clearcuts” that will be reforested
on average within three to five years of logging (British Columbia 1993a:12). The
Government of British Columbia Response to the Commission on Resources and
Environment’s Public Report and Recommendations Regarding Issues Arising from the
Clayoquot Land Use Decision states that clearcut blocks will not exceed 40 ha and
will normally be 1040 ha in size (British Columbia 1993c:7). The Clayoquot Sound
Forest Practices Standards document (June 1993) reiterates these standards for
block size.

444 hazardous or danger tree is a tree or any part of a tree that has sufficient structural weakness to
pose a high risk of falling and causing personal or property damage (as defined in B.C. Ministry of
Forests and B.C. Ministry of Environment, Lands and Parks 1994a:182).
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Table 3.4 Area approved for logging in Clayoquot Sound, 1988-1993.
Year Total area approved Number of cutblocks Average cutblock size
(ha) (ha)
1988 920.6 27 34.1
1989 1201.7 40 30.0
1990 916.6 31 29.6
1991 558.7 25 22.4
1992 398.7 24 16.6
1993 682.7 49 13.9
Source:  B.C. Ministry of Forests, Port Alberni Forest District.
Note: The number and area of blocks approved for cutting in a calendar year is not the same as the number

and area actually logged in that calendar year. Some blocks approved in 1992, for example, were not
logged until 1993 or 1994. The areas approved in a calendar year provided a better database for
analysis of block size and adjacency, and have been used here and subsequently in this report. The
area actually logged in each calendar year is shown in Table 3.1.

The average size of approved cutblocks in Clayoquot Sound has decreased in
each of the last six years from 34.1 ha in 1988 to 13.9 ha in 1993 (Table 3.4). As
individual block size has decreased, the number of cutblocks approved each
year has increased: 27 cutblocks (totalling 920 ha) were approved in 1988,

49 cutblocks (totalling 682 ha) were approved in 1993. Thus, the approved
cutblock sizes have been smaller than the limits set in the various current
standards, but more cutblocks have been approved.

Although well intentioned, the effect of these guidelines is potentially
detrimental (see Section 3.3, F3.13). For a given level of timber harvest, many
dispersed, small cutblocks usually extend over a greater proportion of a
watershed and require longer distances of active road than do fewer, large
clearcuts. When clearcutting is the system of choice and roads are used for log
transport, patterns created by dispersed, small cutblocks are more harmful to
water regimes and to some vertebrate species than are those created by fewer,
larger clearcuts of the same total area. Furthermore, species such as black bear
and Roosevelt elk become more vulnerable to hunting as more extensive road
systems make these species more accessible.

Block Adjacency

Standards for block adjacency address how soon a potential cutblock adjacent to
a previously logged block can itself be logged. The trend has been to increase
that period, thus reducing the chance of creating one large area of even-aged
forest.

Prior to implementation of the initial Coast Planning Guidelines Vancouver Forest
Region (March 1992), there were few effective restrictions on the total contiguous
area that could be logged as adjacent clearcuts. The Coast Logging Guidelines
(1972) required leave areas between cutblocks but these guidelines were not
enforced after 1980.
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The current Coast Planning Guidelines Vancouver Forest Region (October 1993) state
that “reforestation of harvesting openings should attain the free growing stage
prior to commencement of harvesting on adjacent leave areas” (B.C. Ministry of
Forests 1993b:4). That is, an area of forest adjacent to an existing cutblock should
not be logged until the cutblock is fully stocked with “a crop of healthy,
ecologically adapted trees, the growth of which is not impeded by competition
from plants, shrubs, or other trees” (ibid.:1). Free-growing seedlings must be a
minimum of five years of age since establishment and be 150% above (i.e., 50%
taller than) competing vegetation within a 1 m radius. Once this “green-up” is
achieved, the adjacent area can be cut.

The same requirements are included in the proposed British Columbia Forest
Practices Code Standards with Revised Rules and Field Guide References to be
implemented under the Forest Practices Code of British Columbia Act (July 1994). In
most cases, the time required to achieve green-up is more than five years and in
some cases more than 10 years. The Coast Planning Guidelines Vancouver Forest
Region (1993) and the proposed Forest Practices Standards both allow this green-
up constraint to be waived in special circumstances where resource agencies
approve. The Clayoquot Sound Forest Practices Standards allow the green-up
period to be lengthened to address other resource management considerations
such as scenic values (B.C. Ministry of Forests 1993a:5). The draft Coastal
Biodiversity Guidelines suggest “longer green-up periods, approaching the mid-
rotation age, should be used to prevent extensive, contiguous areas being
converted to early seral habitats” (B.C. Ministry of Forests 1994b:10).

The Government of British Columbia Response to the Commission on Resources and
Environment’s Public Report and Recommendations Regarding Issues Arising from the
Clayoquot Land Use Decision states that clearcut blocks will be interspersed with
mature stands of comparable area that will not be logged until the adjacent
clearcut area has reached an unspecified minimum height. The Clayoquot Sound
Forest Practices Standards document reiterates the standards for cutblock size,
distribution, and adjacency that are presented in the Coast Planning Guidelines
Vancouver Forest Region.

Recent approvals in Clayoquot Sound have been consistent with the various
standards, and the green-up period has been lengthened. In 1988 and 1989, 71%
of cutblocks approved for clearcutting (47 of the 66 cutblocks) were adjacent to
areas logged less than 10 years previously. In 1993, only 33% were adjacent to
areas less than 10 years old, and 75% of those cutblocks were small blocks to
salvage blowdown.® Sixty-six percent of the cutblocks approved for clearcutting
during 1993 had standing timber all around them or were adjacent to stands
over 10 years old.

45Based on analysis of data provided by B.C. Ministry of Forests, Port Alberni Forest District.
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Rate-of-Cut and Total Area Cut in a Watershed

The rate at which timber is removed from a watershed (“rate-of-cut”) and the
amount of timber removed are of concern because of potential impacts on the
hydrological regime and associated impacts on fish and other stream biota.
Presently there are no specific standards for rate-of-cut.

Knowledge about the hydrological impacts of forest harvesting is derived from
many observations, but is best revealed in experimental studies deliberately
planned to evaluate effects of specific forest practices. The earliest such studies
were conducted in the first years of this century, but the first long-term studies in
forests similar to those of Clayoquot Sound were not established until the late
1950s, in Oregon (Harr 1976). The only long-term study in British Columbia is
that at Carnation Creek, on the southeast shore of Barkley Sound immediately
adjacent to Clayoquot Sound, established in 1971 (Scrivener 1988). Major
conclusions drawn from studies in coastal forests of the Pacific Northwest follow:

¢ Forest harvest increases average total runoff (millimetres per year). This
result has been observed in all experimental studies and the fundamental
reason is reduction of forest transpiration. Effects may persist for 25 years or
more, but in some studies they have disappeared more rapidly. Reduced leaf
or needle area during early succession may account for the persistence of
mean runoff effects but changes in plant species composition may
complicate the response.

¢ Late summer low flows increase following logging, but may decrease (in
comparison with pre-harvest flows) after 5-10 years, probably due to the
establishment of different species, especially in the riparian zone (Hicks et al.
1991).

* (learcutting increases storm runoff volumes and may increase storm peak
flows. These effects have been observed to disappear after about 10 years in
the absence of roads (analysis of data from Jones and Grant 1995). Effects are
notable where more than about 20% of the watershed is cleared within a
decade or two; that is, when the rate of clearance exceeds about 1% per year,
on average. The apparent limit of 1% per year may reflect the small number
of appropriate studies more than a real lower bound for significant response.

¢ The most prominent stormflow increases occur in small, early autumn
storms (Hetherington 1982). This is most likely due to increased late summer
soil moisture levels, possibly augmented by hydrophobic soil surface
conditions. Where major midwinter storms occur in already saturated
watersheds, forest cover does not appear to influence the stormflow
response.
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Roads increase storm runoff and advance runoff timing. These effects are
caused by the extension of the surface drainage network produced by road
ditchlines, and by the increase in the essentially impervious surface area.
Effects are particularly marked on slopes where roadcuts intercept
downslope subsurface drainage (e.g., Ziemer 1981). Road effects are
permanent.

Road extent and layout influence the severity of storm runoff response.

Rain on snow may produce increased storm runoff following forest harvest
(Harr 1986) due to the snow surface area in clearings being exposed to high
winds and warm air advection. However, the effects of rain on snow are
complex. A warm storm on a mature forest canopy carrying a high snow
load may create similar effects because of the high snow surface area on the
trees (Beaudry and Golding 1985).

In coastal temperate rainforests, cloud and fog condensation provide
significant inputs of water to the system (Section 2.2.1). Tall old-growth
canopies are particularly effective at capturing this moisture and thus play
an important role in the natural hydrological regime of places like Clayoquot
Sound. Old-growth forests can substantially increase the net precipitation in
regions with frequent low clouds and fog, such as Clayoquot. This is because
of the very large volume of space occupied by canopies and the high surface
area of foliage, branches and stems. These structures become condensing
surfaces for large amounts of precipitation in the form of “fog drip” (Harr
1982).

The foregoing summary provides a concise, qualitative view of the pattern of
hydrological response associated with forest harvesting (including
roadbuilding). It does not provide adequate basis for quantitative prescriptions
to mitigate forest harvest effects, for the following reasons:

The experimental studies are necessarily long term, and are extremely
expensive. The total number of studies remains few, and forest terrain is
remarkably variable. Quantitative extrapolation of results from the
experimental studies to other sites is potentially misleading.

Within the experimental studies, treatments vary from study to study, and
are confounded with terrain variations. Moreover, few of the experimental
trials approximate the conditions of operational logging.

Many of the experimental studies have been inadequately controlled,
particularly with respect to the length of the pre-harvest “calibration” period.
Almost none has been adequately analyzed.

Various treatment effects, especially roads and forest removal, have
consistently been confounded.
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Furthermore, the preponderance of analyzed results in the Pacific Northwest is
derived from unglaciated terrain in Washington and Oregon states, with more or
less deeply weathered soils and relatively short slopes. The shallow, glaciated
soils and long slopes of Clayoquot Sound probably create a hydrological system
considerably more sensitive than has been analyzed in most experimental
studies.

A watershed-based rate-of-cut of 1% per year, while not unequivocally
supported by data, appears to meet the needs of ecosystem management with
regard to hydrology, habitat, and long-term sustainable wood supply. The rate
of 1% per year appears appropriate as derived from hydrological considerations
above, but also incorporates concerns about temporal distribution of seral stages
for biological diversity and temporal distribution of wood supply for
socioeconomic stability. The rate is consistent with the ecological desirability of
ensuring harvested areas support a range of seral stages with a variety of
different-aged forest habitats for wildlife, plants, and other organisms. It also is
consistent with principles of sustainable ecosystem management where the
intent is to provide a level of harvestable products that can be sustained over the
long term (the sustainable long-term timber supply will be lower than historical
annual cut levels in Clayoquot Sound).

At present no standards establish a rate-of-cut or restrict the total area cut in a
watershed. The British Columbia Coastal Fisheries/Forestry Guidelines recommend
that an assessment of the “cumulative effects” of logging should be carried out
on all watersheds larger than 500 ha that contain Class A% streams when:

* harvest area since 1965 plus proposed harvest area exceeds 20% of the total
watershed area (i.e., 20% of the watershed area carries forests less than 25
years old); or

* there is evidence of significant stream channel instability; or

* landslides are frequent. (B.C. Ministry of Forests, B.C. Ministry of
Environment, Lands and Parks et al. 1993:3)

The total area that has been clearcut may, nevertheless, amount to significantly
more than 20% of the forested area of the watershed, particularly if logging
occurred prior to 1965, or if a large portion of the watershed is not forested.

46The guidelines define three stream classes. Stream Class A includes streams or portions of streams
that are frequented by anadromous salmonids and/or resident sport fish or regionally significant fish
species, or streams identified for fishery enhancement in an approved fishery management plan;
stream gradient is usually less than 12%. Stream Class B includes streams or portions of streams
populated by resident fish not currently designated as sport fish or regionally significant fish; stream
gradient is usually 8-20%. Stream Class C includes streams or portions of streams not frequented by
fish; stream gradient is usually greater than 20%. The Panel is aware that major changes in the
approach to stream classification are being considered in the context of the proposed standards under
the Forest Practices Code.
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The British Columbia Coastal Fisheries/Forestry Guidelines recommend first that a
watershed sensitivity analysis, following procedures set out in Wilford (1987),4”
be carried out to identify watersheds sensitive to cumulative effects. It further
recommends that where a watershed is identified as sensitive, a cumulative
effects analysis*® be carried out by a hydrologist to determine how additional
planned harvest might affect the area. Cumulative effects analysis could lead to
a recommendation to limit the total area clearcut in a watershed during a given
time period.

Several watersheds in the Clayoquot Sound decision area, including some areas
with active logging, meet criteria specified in the British Columbia Coastal
Fisheries/Forestry Guidelines for cumulative effects analysis. At the time of
writing, an adequate watershed sensitivity analysis has been undertaken only
for the Atleo River watershed.

Guidelines for rate-of-cut based on other criteria have been suggested. The draft
Coastal Biodiversity Guidelines state that “No more than 30% of the forests in each
landscape [generally a watershed or a group of watersheds] should be younger
than 20 years old” (B.C. Ministry of Forests 1994b:10). These draft guidelines
state that “These younger forests should also be well distributed across the
landscape.” These guidelines are based on the forested area in a watershed rather
than the total watershed area. The total area cut over longer time intervals is not
limited. The Guidelines to Maintain Biological Diversity in TFL 44 and 46 in
Clayoquot Sound state that “optimally more than 40% of the watershed should
consist of mature and old-growth forest,” and the area less than 15 years old
should not be more than 20% of the watershed area (B.C. Ministry of Forests
1991a:7-8).

Other Current Restrictions on Clearcutting

Under the British Columbia Coastal Fisheries/Forestry Guidelines, clearcutting is not
permitted adjacent to most Class A streams or large Class B and C streams. On
Class A streams, the guidelines “generally” require that a streamside
management zone, from which no trees are cut, be retained along both sides of
each stream (B.C. Ministry of Forests, B.C. Ministry of Environment, Lands and
Parks et al. 1993:18). The width of this undisturbed area is specified as equal to
the width of the stream, but at least 10 m.%° Very small Class A streams may be
exempted from the 10 m “leave” requirement if fisheries agencies concur. On

47The Watershed Workbook Forest Hydrology Sensitivity Analysis for Coastal British Columbia Watersheds
(Wilford 1987) is currently undergoing revision as Watershed Assessment Procedure for publication as a
Forest Practices Code guidebook. An interim version was published as Watershed Assessment
Procedure (Interim Methods) in July 1994 (B.C. Ministry of Forests and B.C. Ministry of Environment,
Lands and Parks 1994b).

48Cumulative effects are not explicitly defined in the British Columbia Coastal Fisheries/Forestry
Guidelines, but the term connotes the summed effects of repeated harvest operations at different
places in the watershed. Further discussion under F3.19.

49Note that distances provided refer to each side of the stream.
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Class A streams wider than 30 m, the streamside management zone must be
30 m. Some trees may be cut in the outer 20 m of the zone provided that
“structural and functional characteristics of the original stand are maintained
and site disturbance is minimal” (ibid.).

An undisturbed streamside management zone of 10 m is also required on large
Class B and C streams where tree root networks or large organic debris (LOD)
stabilize streambanks or the stream channel, or where mature streamside trees
represent potential LOD for downstream Class A streams in the future (ibid.).
On streams wider than 10 m, the streamside management zone is widened.
Thus, these guidelines effectively prohibit clearcutting within at least 10 m from
the edge of most Class A streams and some Class B and C streams.

The proposed British Columbia Forest Practices Code Standards with Revised Rules
and Field Guide References to be implemented under the Forest Practices Code of
British Columbia Act (July 1994) require that a riparian management area (RMA)
be established along each side of a stream.%Y The RMA includes both a reserve
zone, in which no harvesting is permitted, and a management zone in which
some removal of selected trees or groups of trees is permitted. The widths of the
reserve zone, the management zone, and the total RMA required depend on the
stream channel width, the presence of fish, and whether the stream is in a
community watershed.

For example, for a 5 m wide stream with fish present, flowing through a
proposed cutblock, the standards prescribe a 50 m RMA consisting of a 10 m no-
logging reserve zone and a 40 m management zone along each side of the stream.
If a proposed cutblock contains a 5 m wide stream with no fish present, the
required RMA is 30 m, consisting of a 10 m reserve and a 20 m management
zone. These general requirements may be altered to accommodate site-specific
conditions.

RMAs are also required on streams less than 3 m in width that have no fish
present. These RMAs consist of management zones in which some logging is
permitted; no reserve areas are required. RMAs are also required in gullies.
Cutting is not permitted in these areas unless a gully assessment procedure has
been completed. If implemented, these proposed standards will increase the
width of riparian areas in which clearcutting is not permitted and will increase
the number of trees left along streams and gullies in clearcut areas. The
proposed standards also place restrictions around wetlands, lakes, and other
waterbodies.

The draft document Visual Landscape Management Guidelines for Visually Sensitive
Areas within Provincial Forests states that partial-cutting®! systems may maintain a
particular visual quality objective more readily than clearcutting (B.C. Ministry

50The Panel is aware that the standards for RMAs are under review and may change.

Slpartial cutting is an ill-defined term commonly encompassing both genuine silvicultural systems
(e.g., selection cutting) and selective harvest (not a silvicultural system).
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of Forests 1993g:22). The guidelines, however, do not require that silvicultural
systems other than clearcutting be used on any site.

The Vancouver Forest Region requires licensees to complete an evaluation of
terrain and stability conditions where proposed cutblocks and roads are located
within terrain stability classes IV and V,%2 Es1 and Es2 units;>3 areas exhibiting
natural instability, extensive gullying, or slopes steeper than 60%; and other
specific areas designated by the district manager. Roads will not be authorized
where the assessment indicates a moderate to high potential for road-induced
landslide activity. If these sites cannot be logged “with yarding systems that do
not require roads, then they should be reclassified as inoperable and reductions
in the allowable annual cut will be recommended” (B.C. Ministry of Forests
1992b:1).

This regional policy does not explicitly exclude clearcutting of sites with a high
potential for landslides. On the contrary, it implies that such sites can be clearcut
if they are not roaded, but are yarded by skyline or aerial methods (see Chapter
4 for a description of yarding methods). This policy does not adequately
consider the role of tree root strength in maintaining the stability of such soils.
In applying this policy over the past two years, district managers have generally
not approved logging of sites with high potential for post-logging slides.
Logging of sites with moderate instability potential has generally been approved
under various constraints.

The Clayoquot Sound Forest Practices Standards require terrain stability
assessments “on all roads and cutblock areas over sixty percent [slope gradient]
and any other areas required by the referral agencies” (B.C. Ministry of Forests
1993a:5). B.C. Ministry of Forests terrain specialists are required to do an
additional review of all development in stability class IV (moderate to high
potential for post-logging instability) terrain. Whether clearcutting of such slopes
is approved depends on the recommendations of the terrain specialists.

52A classification of terrain stability is described in Coastal Terrain Stability Classification, attached to
the November 18, 1992 letter from the regional manager, Vancouver Forest Region (B.C. Ministry of
Forests 1992b). (This attachment will be replaced in 1995 by a Forest Practices Code guidebook on
mapping and assessing terrain stability. It is not anticipated that the five-class terrain stability
classification will change.)

534Es1” areas are “environmentally sensitive” areas of land mapped during forest inventory (1:20 000
scale) where the sensitivity of soils is high. Most (90%) of the volume of timber growing on these sites
is assumed to be unavailable and is not included in allowable cut calculations. “Es2” areas are also
sensitive but the area may either be partly logged or logged under various constraints. Other types of
environmentally sensitive areas include “Ea,” where snow avalanches are a concern, or “Ew,” where
wildlife habitat is particularly important.
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The proposed British Columbia Forest Practices Code Standards with Revised Rules
and Field Guide References require detailed terrain stability field assessment of
stability class V (unstable) slopes prior to approval of a Pre-harvest Silviculture
Prescription, but it does not require field assessment of stability class IV
(marginally unstable) terrain. The proposed standards in the Code further state:
“Unless otherwise authorized in the Standards, a clearcutting silvicultural
system must not be prescribed for sites with very unstable terrain” (B.C.

Ministry of Forests and B.C. Ministry of Environment, Lands and Parks
1994a:75). “Very unstable” is undefined. The proposed standards thus appear to
permit clearcutting on slopes with some degree of instability, including class IV,
and partial cutting on very unstable (class V) slopes. Doing so, they appear to
ignore the unusual susceptibility to landslides or soil mass movement of slopes
in Clayoquot Sound and elsewhere on the coast.

3.2.3 Summary

The past five years have brought significant change to harvesting activity in
Clayoquot Sound. Since 1988, the area and volume of timber harvested have
decreased 60% and 56%, respectively, while the number of cutblocks has risen
by 81%. Until 1990, clearcutting was the only silvicultural system applied; since
then, only five operational cutblocks have attempted alternatives (Cat’s Ears
Creek was a research trial). This will change dramatically in 1995 if the goal set
by the Interagency Review Team—to have 25% of the harvest volume removed
by alternative silvicultural systems—is realized.

Most forest practices standards for coastal British Columbia assume that
clearcutting is the silvicultural system of choice. Following that premise, most
standards regulate the size and pattern of clearcuts across the landscape, the rate-
of-cut, and practices within clearcuts. A notable exception is the draft Coastal
Biodiversity Guidelines (April 1994) which call for retaining more of the natural
forest structure during harvesting.

Proposed provincial standards under the Forest Practices Code of British Columbia
Act (July 1994) require consideration of all relevant silvicultural systems to
ensure that forest management goals are met.

Standards specific to Clayoquot Sound are more explicit:

¢ The Clayoquot Sound Land Use Decision (April 1993) calls for single tree and
group selection systems in sensitive areas within scenic corridors, but makes
no reference to silvicultural systems other than clearcutting in the General
Integrated Management Area.

¢ The Clayoquot Sound Forest Practices Standards (June 1993) call for alternative
silvicultural systems where objectives and strategies limit clearcuts. Such
action would allow harvesting in areas of high value for other resources and
in areas with a risk of soil mass movement or erosion.
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e The Government of British Columbia Response to the Commission on Resources and
Environment’s Public Report and Recommendations Regarding Issues Arising from
the Clayoquot Land Use Decision (June 1993), while not referring to alternative
silvicultural systems, requires the application of innovative harvesting
systems in areas requiring sensitive treatment. The Interim Measures
Agreement (March 1994) outlines similar requirements for the Clayoquot
River Valley and Flores Island specifically.

Standards that refer to alternative silvicultural systems do so as a means of
achieving harvesting on sites where clearcutting would be unacceptable.
Clayoquot Sound, because of its frequently steep terrain, often shallow soils, and
considerable precipitation (see Section 2.1), contains many areas where
clearcutting increases the risk of damaging important forest values.

Findings Regarding Silvicultural Systems

The Panel has based its findings on careful review of existing standards and
other relevant documentation, field review of sites within Clayoquot Sound,
field experience in Clayoquot Sound and other coastal areas, and review of
scientific literature from similar coastal areas. Despite the attention focused on
Clayoquot Sound, there has been relatively little scientific study or systematic
documentation of the effects of forest practices in Clayoquot Sound itself. Some
findings (e.g., those on windthrow and hydrological regime) are thus reasoned
estimates derived from similar areas, rather than documented research results in
Clayoquot Sound.

Past Standards and Practices

F3.15%  Prior to the early 1990s, clearcutting within individual watersheds in
Clayoquot Sound proceeded rapidly. This practice, referred to as
progressive clearcutting, has resulted in some watersheds being
occupied by extensive, contiguous areas of young trees. Residual
patches of old forest within the clearcuts tend to be isolated and strongly
influenced by the adjacent clearcut openings. For the most part, the
residual patches consist of unmerchantable trees on poor, rocky, or wet
sites. Impacts of Past Standards and Practices

F3.2  Extensive clearcutting has created forest landscape patterns very
different from those produced by natural disturbances in Clayoquot
Sound (Section 2.2.2). Clearcut openings are unnaturally large, have had
significant impact on the forest environment, and exhibit low internal
heterogeneity. The array of young, even-aged forests produced by
extensive clearcutting exhibits a conspicuously unnatural landscape

pattern.

54Prefix F refers to finding.
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Clearcutting in F3.3
Clayoquot Sound has
resulted in stand

structures that differ

from those created by

the natural

disturbance regime.

F3.4

Extensive F3.5
clearcutting and

related road

construction in

Clayoquot Sound are
associated with

substantial

disturbance of stream
channels.

Clearcutting in Clayoquot Sound has produced stand structures that
also differ from those created by the natural disturbance regime. Due to
high utilization standards, less downed wood is retained in recently cut
areas than occurs naturally.>® Within a conventional clearcutting system,
snags are not retained; without attention to their future provision, large
snags will be completely eliminated after the first rotation and sizable
downed wood will be gone after two rotations (Spies and Cline 1988;
Morrison and Raphael 1993).56

In the Clayoquot Sound General Integrated Management Area, about
80% of the remaining older forests is on slopes steeper than 30° (about
60% slope) (Sondheim 1994). Many of these slopes have a moderate to
high likelihood of failure following clearcutting. Where slopes fail and
landslides occur, regeneration on part of the site may not be possible for
decades.

Extensive clearcutting and related road construction in Clayoquot
Sound are associated with substantial disturbance to the morphology of
stream channels. Both excessive scour and accelerated sedimentation are
observed in rivers in the region. Where these phenomena have been
studied systematically (most locally, at Carnation Creek), they are
invariably associated with significant disturbance of the hydrological
regime, including increased volumes and higher peak rates of runoff.
These effects appear to strongly influence the abundance of some fish
species. The condition of streams in logged drainage basins and
observed effects on aquatic ecosystems are consistent with effects widely
observed elsewhere when more than about 20% of watershed area has

been roaded and clearcut within one or two decades (Jones and Grant
1995).

Photo 3.2

Poor road location or
construction has had
serious consequences.

55R.]. Keenan and A. Inselberg, unpublished data, 1992.

56The tendency for second-growth stands to contain fewer large snags and woody debris is also
evident in the Panel’s inspection of the recently harvested Montane Alternative Silvicultural Systems
(MASS) and Bowser sites.
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Predominance of Clearcutting

F3.6

Current

F3.7

Clearcutting continues to be the predominant silvicultural system in
Clayoquot Sound. Since the Clayoquot Sound Land Use Decision in April
1993, and the release of the Clayoquot Sound Forest Practices Standards in
June 1993, five cutblocks with a total area of 71 ha have been proposed
and approved for alternative silvicultural systems. Two of these were
being logged in the fall of 1994; the others are approved by the
Interagency Review Team for harvest in late 1994/early 1995. At the
time of writing, several other blocks that will employ alternative
silvicultural systems are in various stages of planning and review.

Silvicultural Systems Standards

Current standards for silvicultural systems in Clayoquot Sound, detailed
in Section 3.2 can be summarized as follows:

¢ clearcutting, in which all trees are cut down and the area is planted
or allowed to regenerate following logging, is generally assumed to
be the system of choice;

e individual cutblocks are restricted to a maximum of 40 ha;

® agreen-up period of 5-10 years is required before adjacent areas are
logged unless other green-up criteria, such as visually effective
green-up (VEG),"” are specified;

¢ analysis of “cumulative effects” is required when the area cutin a
watershed exceeds 20% of the total watershed area in 25 years, when
significant channel instability is evident, or when landslides are
frequent;

® clearcutting is restricted on some areas within a cutblock (e.g., in the
10 m [or greater] streamside management areas on Class A streams
and on some large Class B and C streams); and

e terrain stability classes IV and V, Esl and Es2 units, and other areas
must be assessed before roadbuilding or clearcutting.

Standards have changed rapidly over the past three years and will
change further with implementation of the proposed Forest Practices
Code.

57VEG is the stage at which a regenerating stand is perceived by the public as being “greened-up.”
When VEG is achieved, re-established forest cover generally blocks views of site disturbances such as
stumps, slash, road cuts, and exposed rock and soil.
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Current Practices

F3.8

F3.9

F3.10

F3.11

Current clearcutting in Clayoquot Sound meets or exceeds existing
standards for individual block size and adjacency (green-up). The
average size of approved cutblocks decreased from 34.1 ha in 1988 to
13.9 ha in 1993. The percentage of approved cutblocks having standing
timber all around them increased from 29% in 1988 to 66% in 1993.

On some recent cutblocks (e.g., Cypre River; see Table 3.2), current
practice provides greater protection of streamside or riparian areas than
current standards require (e.g., British Columbia Coastal Fisheries/Forestry
Guidelines 1993).

On other cutblocks (e.g., Matlset Creek Block 100; see Table 3.2), current
practice in Clayoquot Sound also has been ahead of emerging standards
(such as the draft Coastal Biodiversity Guidelines) by exploring clearcut-
with-reserves and other alternative silvicultural systems. The
Interagency Review Team in Clayoquot Sound has set a goal to have
25% of planned harvesting incorporate alternative silvicultural systems
by 1995.

Panel field observations, and other recent audits of streamside
management, have found inconsistent compliance with current
standards and guidelines (Sierra Legal Defence Fund 1994; Tripp 1994a,
1994b).58

Impacts of Current Standards and Practices

F3.12

F3.13

Large openings with complete removal of forest cover are still possible
under current standards for clearcutting, which permit new 40 ha
openings after as little as 5-10 years of green-up of adjacent cutblocks.
Such extensive cumulative openings are unprecedented to very rare in
the pre-logging history of Clayoquot Sound forests.

Current standards restricting the size of clearcut openings and applying
green-up constraints on the harvesting of adjacent cutblocks has
potentially unfavourable consequences if the same total area is logged
over the same time period. Such practices produce more clearcut
openings that are more widely distributed than in the past, even though
individual clearcuts are smaller (see Table 3.4).

58The Sierra Legal Defence Fund assessment found minor or major infractions of the British Columbia
Coastal Fisheries/Forestry Guidelines (3rd Edition, October 1992) on each cutblock examined. Tripp’s
assessment found a high level of compliance with current standards on cutblocks reviewed in
Clayoquot Sound.

April 1995

70



Chapter 3

The environmental
effect of many small
openings may be
greater than the
effects of fewer,
larger ones.

Reducing clearcut
size alone does not
address critical long-
term issues.

Clayoquot Sound Scientific Panel
Sustainable Ecosystem Management in Clayoquot Sound: Planning and Practices

In the short term, the environmental effects of many small openings may
be greater than the effects of fewer, larger ones. Numerous small,
dispersed cutblocks affect a larger proportion of the watershed by:

* nearly always requiring more kilometres of active road, with the
associated potential for sediment production from the road running
surface;

* producing more forest edge habitat (benefiting some species and
harming others);

¢ increasing fragmentation of the forest which can harm species
requiring more continuous forest cover;

* increasing risk of windthrow;

* encouraging unnaturally dense ungulate populations which may
impede or damage regeneration; and

¢ increasing the likelihood of highgrading of particular species, sizes,
or age classes of timber.

Reducing clearcut size alone does not address critical long-term issues
such as the cumulative effects of logging in a watershed, or the need to
maintain structural features of old-growth forests.

Difficulties with Current and Evolving Standards

F3.14

Despite the predominance of steep slopes and terrain in stability classes
IV and V in the General Integrated Management Area (see F3.4),
clearcutting is not explicitly prohibited by existing standards. As noted
in Section 3.2.2, the November 18th letter from the regional manager,
Vancouver Forest Region (B.C. Ministry of Forests 1992b) appears to
allow clearcutting using non-conventional (roadless) methods on
unstable and marginally stable terrain (class V and class IV,
respectively). The proposed British Columbia Forest Practices Code
Standards with Revised Rules and Field Guide References do not exclude
clearcutting on slopes with some instability. In the Clayoquot Sound Forest
Practices Standards (June 1993), the decision about whether clearcutting or
harvesting by other systems can occur on stability class IV and V terrain
depends on the results of terrain stability assessments and
recommendations by terrain or geotechnical specialists.

In Clayoquot Sound, adherence to the above requirements may not
sufficiently reduce logging-related mass movement such that landslide
frequency remains within the range of natural variability. On slopes with
visible indicators of instability, results from slope stability assessments
will probably prevent harvesting. Sites that are stable before logging but
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F3.15

F3.16

F3.17

that become potentially unstable following logging are more difficult to
recognize.

On-site assessments are an inexact technique because many of the
conditions that influence slope stability (e.g., subsurface soil and
hydrological conditions) may not be apparent from surface
observations. The assessment procedure can reduce the risk of post-
logging slides and related site degradation and deleterious downslope
effects, but it does not eliminate the possibility of logging-induced slope
failure. Forest cover greatly influences slope stability and the present
standards that control the removal of forest appear not to be sufficiently
rigorous to achieve slope stability objectives for Clayoquot Sound.

The joint objectives of maintaining a predetermined allowable annual
cut (AAC) for Clayoquot Sound and applying more restrictive standards
on forest harvesting are not compatible with watershed-based rate-of-
cut constraints. Simply, rate-of-cut constraints may not allow the volume
specified by the AAC to be harvested. This incompatibility illustrates: (1)
the inherent conflict between the regulatory and proprietary roles of the
B.C. Ministry of Forests; and (2) the problems that ensue from stipulating
allowable cuts as a predetermined input to resource planning processes,
rather than as an output of them.>? To the Panel’s knowledge the
combined effects of all existing and evolving standards have not been
analyzed.

Because of wide variations in local site conditions, guidelines cannot be
rigidly prescribed. Adaptations are often necessary, and responsibility
rests with managers to ensure that such adaptations conform to the
intent of the guidelines. Interpretations and applications of guidelines
(e.g., British Columbia Coastal Fisheries/Forestry Guidelines) have been
inconsistent. Evaluations have shown that the guidelines are not
consistently well implemented.®0

No procedure for effectively monitoring the success of alternative
silvicultural systems is currently in place. Current practices are
evaluated primarily by their success in attaining regeneration
objectives.t1

Problems noted in general finding 9 and general recommendation 2 of the Panel’s second report:
(Scientific Panel 1994a). See also Section 7.2.1 of this document.

605ee footnote 58.

61Current regeneration requirements are specified in the Correlated Guidelines for Tree Species Selection
and Stocking Standards for the Ecosystems of B.C. (B.C. Ministry of Forests 1993c) and a companion
document Minimum Heights Required for Free Growing Standards Specified by Silviculture Practices
Regulation (B.C. Ministry of Forests 1994c:Section 11).
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Rate-of-Cut

F3.18 There are no standards defining rate-of-cut in Clayoquot Sound.
Emerging standards sometimes conflict with one another. For example,
guidelines on rate-of-cut in a watershed recommend the following
maxima:

*  20% of the total watershed area in 25 years (British Columbia Coastal
Fisheries/Forestry Guidelines, July 1993);

®  30% of the forested area in 20 years (draft Coastal Biodiversity
Guidelines, April 1994); and

®  20% of the total watershed area in 15 years (Guidelines to Maintain
Biological Diversity in TFL 44 and 46, December 1991).

These differences occur in part because the guidelines address somewhat
different objectives (e.g., hydrological regime in the British Columbia
Coastal Fisheries/Forestry Guidelines and distribution of age classes in the
draft Coastal Biodiversity Guidelines). The guidelines cannot all be
sustained unless the most restrictive guideline preempts the others. It is
not clear, however, that any of these guidelines conforms with
scientifically established principles.

F3.19  The British Columbia Coastal Fisheries/Forestry Guidelines recommend that
cumulative effects analysis be undertaken in watersheds with a high
rate-of-cut and in areas exhibiting stream channel or slope instability.
The analysis is implemented through the “watershed sensitivity”
analysis specified in the Watershed Assessment Procedure (Interim Methods)
(B.C. Ministry of Forests and B.C. Ministry of Environment, Lands and
Parks 1994b).62 The procedure was originally developed to estimate the
summary effect upon hydrology of the total area logged over time. In
practice, attention has come to be focused upon sediment production
because of its observed effect upon stream channel morphology and
aquatic habitat. Yet effects on streamflow remain important. In
particular, the increased runoff and increased flood incidence that
accompany logging and road construction increase the duration of
stresses on aquatic biota caused by moderate to high streamflows.
Watershed sensitivity analyses have not been undertaken adequately in
Clayoquot Sound watersheds (except in the Atleo River) even though
some meet criteria for such analyses under the guidelines.

62The Watershed Assessment Procedure does not actually assess cumulative effects, which refers to the
combined effect of several different physical and/or biological factors on watershed processes and
biota (Scientific Panel 1994a:29). Appraisal of the additive effect of modification of the runoff regime
or contribution of sediment from several different sources as outlined in the watershed assessment
procedure represents an analysis of watershed “sensitivity” with respect to water- and sediment-
generating mechanisms in the watershed. The British Columbia Coastal Fisheries/Forestry Guidelines
recommend that watersheds found to be “sensitive” be further subjected to “cumulative effects”
analysis, procedures for which are not specified.
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F3.20

F3.21

F3.22

Watershed sensitivity assessments recommended in the British Columbia
Coastal Fisheries/Forestry Guidelines and implied in the draft Coastal
Biodiversity Guidelines and the Guidelines to Maintain Biological Diversity in
TFLs 44 and 46 remain difficult to carry out consistently because:

¢ the guidelines and assessment procedures are currently under
development with frequent revision; and

¢ the various guidelines remain inconsistent (see F3.18).

No restrictions deriving from rate-of-cut considerations have been
placed on logging in Clayoquot Sound watersheds that meet the criteria
for watershed sensitivity analysis or cumulative effects analysis given in
the British Columbia Coastal Fisheries/Forestry Guidelines.

Analysis of watersheds to determine the distribution of age classes (a
product of rate-of-cut) has been undertaken in some areas in Clayoquot
Sound.%3 In some watersheds currently being logged (e.g., the Cypre
River), the area harvested within the last 15 years exceeds 20% of the
total watershed area. No restrictions derived from age-class
considerations have been placed on Clayoquot Sound watersheds.

Conventional Systems and Terminology

F3.23

F3.24

F3.25

The terminology used to describe conventional silvicultural systems,
which focuses primarily on regeneration objectives, is inadequate to
describe new silvicultural systems that address multiple objectives. For
example, “clearcut-with-reserves” emphasizes clearcutting and leads to
confusion regarding whether the reserves are within or outside the
cutblock.

Of the conventional silvicultural systems, selection cutting creates
environments most similar to those in unmanaged forests of Clayoquot
Sound. Selection systems provide more opportunities than do clearcuts
and shelterwoods for maintaining diverse components of the pre-
harvest forest. Group selection is far easier and safer to implement than
single tree selection in old-growth forests of Clayoquot Sound. As
historically practised, however, selection systems do not necessarily
retain the snags, blowdowns, upturned root systems, and similar
structures that are found in natural forest openings.

“ Alternative silvicultural systems” lumps together all systems other than
conventional clearcutting, including but not limited to: seed tree,
shelterwood, selection, clearcut-with-reserves, and other reserve
systems.

63p.C. Ministry of Forests, Port Alberni Forest District.
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Alternative Silvicultural Systems

F3.26 Maintaining the natural size- and age-class distributions of trees helps to

F3.27

F3.28

retain the natural functioning of the entire forest-dwelling biota.
Adopting a silvicultural system that maintains or creates forest and
stand structures more closely resembling those resulting from natural
disturbance regimes (see Sections 2.2.2-2.2.5) would address many of
the apparent disadvantages of conventional clearcutting.

Appropriate stand tending practices between harvests can help to
maintain or create the kinds of forest structure and habitat diversity
occurring in natural forests. Innovative, small-scale efforts to hasten
development of old-growth attributes in young forests have been
attempted in Douglas-fir stands on Vancouver Island (Nyberg et al. 1986;
Petersen 1991). Other work on Vancouver Island has erected artificial
snags.®* Studies also have evaluated effects of site preparation and
vegetation management on important habitat features (Hamilton 1990;
Hamilton et al. 1991).

Forest structure can be retained either by retaining individual trees
scattered throughout a cutblock (“dispersed retention”) or by retaining
small areas of undisturbed forest (“aggregated retention”).0> A
combination of retained patches with some isolated windfirm trees in
the intervening spaces will produce a structurally diverse young stand
with some characteristics of both the pre-harvest forest and a stand
managed for timber production.

Dispersed retention ensures that a large proportion of the cutblock will
be influenced by the smallest number of surviving trees; as few as 5-10%
of the trees dispersed over the whole cutblock influence nearly 100% of
the area to some degree. This may sometimes be desirable, as when
shelter is required to establish young trees. However, dispersed retention
also tends to disperse impacts of harvesting throughout the stand so that
little of the forest understory remains undisturbed during logging.

Aggregated retention generally allows more forest ecosystem
components to be retained than is possible with dispersed retention.
Patches of undisturbed forest, with understory vegetation and forest
floor intact (in other words, designated “no-work” zones), are sites
where wildlife trees can be safely retained. Aggregates can also protect
culturally modified trees. Aggregated retention provides opportunities
for even-aged silviculture to be practised between logging entries on
harvested areas, but maintains all-aged forests in the aggregates.

64]. Deal, pers. comm., February 1995.

655ee Tables 3.2 and 3.3; outside Clayoquot Sound dispersed retention was implemented at McTush;
aggregated retention at Gretchen Creek.
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F3.29

Over the last few years, retention systems in the U.S. Pacific Northwest
have shifted from an emphasis on dispersed retention of individual trees
to aggregated retention of small patches of forest in cutover areas (e.g.,
Forest Ecosystem Management Assessment Team 1993).

Photo 3.3

Dispersed retention is the
retention of scattered
individual trees
throughout the cutting
unit.

Photo 3.4

In aggregated retention,
trees are retained as
patches in small
undisturbed areas.
Aggregated retention is
easier to implement than
dispersed retention.

Operational experience with silvicultural systems other than
conventional clearcutting in Clayoquot Sound is limited to one small
research trial in 1992 (Cat’s Ears Creek; Table 3.2) and five approved
cutblocks since the Clayoquot Sound Land Use Decision (Tables 3.2 and
3.3). Experience on the Queen Charlotte Islands (Haida Gwaii),
elsewhere in coastal and interior British Columbia, and in the U.S.
Pacific Northwest, however, demonstrates that various levels of
retention can be undertaken with ground-based, cable-based, or
helicopter logging methods (see, for example: Moore 1991; Green and
D’Anjou 1993; Beese 1994; Coates and Steventon 1994; and Chapter 4).
Experience has been acquired on steep slopes (e.g., Cat’s Ears Creek in
Clayoquot Sound, Gregory and Hangover creeks in the Queen Charlotte
Islands).
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In the U.S. Pacific Northwest, the move towards silvicultural systems
other than clearcutting has been achieved much more quickly than
expected and problems have been overcome more easily than anticipated
(e.g., the recent experiences of the Plum Creek Timber Company; B.C.
Ministry of Forests 1993e).

Other Considerations

Planning, education, F3.30
and training are

critical to the

success of any

silvicultural system

or harvesting

method.

Safety concerns are F3.31
inherent in any
silvicultural system.

Silvicultural systems F3.32
that retain larger

numbers of trees also
maintain higher

scenic values.

F3.33

Planning, education, and training are critical for successfully
implementing any silvicultural system or harvesting method.
Alternatives to current clearcutting practices have been undertaken with
a variety of harvesting methods in five coastal forest districts, but
represent only a small portion of current practice (Moore 1994).
Operational experience is lacking. Operator and faller training, and
different approaches to planning, layout, and administration are
essential, but not limiting requirements for employing alternatives to
clearcutting practices.

Safety concerns are inherent in any silvicultural system. The hazards of
clearcutting are better understood than those of other systems.
Dispersed retention makes it extremely difficult to safely retain wildlife
trees (see Wildlife Tree Committee 1993), especially in older forests;
safety concerns are much easier to address using aggregated retention.
Current safety regulations are based on two principles which must be
observed regardless of the silvicultural system used:

* procedures must be developed and implemented to minimize risk to
workers; and

e workers must have the right to refuse to carry out procedures that
place them at undue risk.

Alternative silvicultural systems are less visually dominant than
clearcutting. Generally, silvicultural systems that retain more trees also
maintain higher scenic values. Because some residents and visitors value
completely unaltered areas, the distribution of the total harvested area
needs to be limited where maintaining unaltered scenery is a priority.

Windthrow of retained trees has been viewed as a potential problem on
many sites, especially over certain ranges of retention. Windthrow is a
natural phenomenon, and not a sign of failure.

Windthrow is difficult to predict because it is influenced by many
factors, including:

* the species and history of the individual trees being retained;

e the nature and depth of the soils in which trees are growing;
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¢ the openness of the canopy after harvest in relation to the pre-
harvest condition;

* topographic position; and
¢ chance weather events.

In coastal British Columbia, substantial operational experience is being
gained in managing windthrow, designing windfirm boundaries, and
selecting trees and forest patches to be retained (Stathers et al. 1994). The
more effective techniques include feathering edges, topping and limbing
trees, leaving aggregations of retained trees, and considering rooting
substrates and topographic location when selecting species and
individuals to be retained.

Current experience suggests that windthrow resulting from logging is
uncommon in stands with high retention (more than about 70%
retention) because the canopy retains its integrity. It is also uncommon
at very low levels of retention (1-5%) when the trees retained are
deliberately chosen for windfirmness and sites are sheltered from severe
storms. Little experience has been acquired with intermediate levels of
retention. Aggregations of retained trees provide more wind-resistant
units and decrease the risk of windthrow induced by logging. The risk
of loss to windthrow is greater in HA-phase stands than in CH-phase
stands (see Section 2.2.1).

Recommendations Regarding Silvicultural Systems

In its second report, the Scientific Panel recommended that sustainable
ecosystem management be the overriding management objective for Clayoquot
Sound, and that all other management objectives be subordinate to maintaining
healthy, functioning ecosystems (Scientific Panel 1994a). This emphasis on the
ecosystem rather than on specific products represents a philosophical departure
from the past.6¢

To implement this new approach, the Panel recommends a silvicultural system
defined by the type and amount of forest cover retained within watersheds and
cut areas. This “variable-retention silvicultural system” emphasizes retaining
trees and patches of forest in a managed forest to protect a variety of values and
ecosystem components. The retained trees and forest patches create forest
characteristics similar to patterns and remnant structures left after natural
disturbances (Maser ef al. (editors) 1988; Franklin 1990).

66T review the objectives of sustainable ecosystem management, refer to Chapter 7, Planning for
Sustainable Ecosystem Management in Clayoquot Sound.
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The goal of the variable-retention system is to maintain ecological or ecosystem
integrity. The Panel defined “maintaining ecological integrity” as ensuring that
ecosystem processes and states do not depart from the range of natural
variability exhibited before logging (Scientific Panel 1994a:Section 4); that is,
maintaining functioning, self-sustaining ecosystems with characteristics similar
to the original ones. The variable-retention system can address various
management objectives within this goal, and accommodate a range of site
conditions. The system differs from conventional silvicultural systems (Section
3.1) on four major points (see contrasting points on pages 47—48).

1

3

Regeneration of the area logged is an important, but not dominating
objective. The primary objectives are to retain natural functions in the
managed forest, and to retain the natural range of stand and forest structure.
These objectives have important implications for the manner in which trees
are prescribed to be cut or retained and for the way in which success is
evaluated. The number of young trees is an incomplete index of success.

Because the primary objective is to provide a range of forest values by
emulating natural forest structure, post-logging treatments also must
consider objectives other than regeneration and wood fibre production.
For example, treatment of logging debris, tree species selection, and
pre-commercial and commercial thinning practices must incorporate
biological diversity objectives and visual concerns, as well as more
traditional silvicultural objectives. Different values can be emphasized at
different stages of stand development.

The variable-retention system offers a range of retention levels, including the
broad mid-range that is not well represented in conventional silvicultural
systems (Figure 3.1). The retention gradient ranges from complete clearing
of trees on some areas to nearly full retention on others. The system also
provides for permanent retention of trees and other structures after
regeneration is attained, contrary to conventional shelterwood harvesting.

The variable-retention system does not describe cutting practices by using
traditional terminology which reflects different objectives. It simply
describes the degree and pattern of retention. The retained trees, which are
not cut after regeneration is attained (as they would be in traditional seed
tree or shelterwood systems), can be dispersed across the opening,
aggregated in groups, or combined in a mix of dispersed and aggregated
retention.
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3.4.1 The Planning Context

Implementation of Panel recommendations concerning silvicultural systems,
harvesting methods (Chapter 4), and transportation systems (Chapter 5) requires
a new approach to forest planning, which is the subject of Chapter 7. The
following summary provides essential context for the Panel’s recommendations
on silvicultural systems. The Panel recommends a three-tiered planning
hierarchy within Clayoquot Sound:

® Subregional level: planning units based on groups of contiguous watersheds
forming natural units generally greater than 50 000 ha within which overall
land use objectives are formulated and monitored.

*  Watershed level: planning units of one or more watersheds of typically
5 000-35 000 ha. Within watershed planning units, reserve areas (where no
harvesting is permitted) and harvestable areas (from which a sustainable
flow of forest products are removed) are identified and a rate-of-cut is
determined; and

¢ Site level: working units, discrete land units within harvestable areas, are
specified by the type of management activity carried out: for example,
“cutting units” where activities such as logging, planting, and stand tending
are planned, “recreation units,” or “wildlife units.” These units will vary in
size. Cutting units are the actual operating blocks, commonly 1-40 ha, within
the harvestable areas. Logging is typically implemented within two years of
initial site-level planning.

At the watershed planning level, reserves are identified where no cutting is
allowed. These reserves include hydroriparian areas, representative areas of late-
successional forest, all unstable slopes (stability class V), critical wildlife habitat,
culturally important sites, and visible areas of very high scenic value. Some of
the late-successional forest habitat must provide forest-interior conditions for
species whose survival depends on such conditions.

Also at the watershed planning level, harvestable areas are identified and
rate-of-cut is determined. Harvestable areas contain timber that can be harvested
while maintaining the integrity of forest ecosystems. Harvestable areas undergo
more intensive planning at the site level. The rate-of-cut specifies the area within
these harvestable areas that can be cut within defined periods of time.

Selecting and implementing an appropriate silvicultural system requires careful
consideration at both watershed and site planning levels. Whereas harvestable
areas and rate-of-cut are determined at the watershed level, the silvicultural
system is applied at the site level.
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3.4.2 Recommendations Within the Planning Context

The following Panel recommendations represent changes from past timber
harvesting practices in Clayoquot Sound. They are based on the best current
ecological knowledge of how forest and stream ecosystems function. This
incorporates scientific knowledge and Nuu-Chah-Nulth traditional ecological
knowledge. They also reflect the experience with alternative silvicultural
systems in coastal British Columbia, the United States, Australia, and Europe
during the last decade.®” Because these recommendations are relatively novel,
both their implementation and regulation must proceed adaptively.®8 There is
limited experience with, or scientific study of, a variable-retention silvicultural
system such as that recommended here.

Rate-of-Cut®®

It is not reasonable to prescribe a definitive rate-of-cut limitation for Clayoquot
Sound forests on the basis of the available regional evidence. It is, however, very
clear that substantial caution must be exercised with respect to hydrological
response as the cumulated area harvested increases. This is apparent from all
operational experience in British Columbia, and is acknowledged in the British
Columbia Coastal Fisheries/Forestry Guidelines. On this basis, an appropriate
strategy for managing hydrological response is to set interim standards for the
proportion of area that can be logged that reflect the experience discussed in
Section 3.2.2, and to establish a program to monitor the hydrological response.”0
Accordingly:

R3.17!  Within the watershed planning unit, determine a rate-of-cut based on
the watershed area.”2 Specifically:

* Limit the area cut in any watershed larger than 500 ha in total area
to no more than 5% of the watershed area within a five-year period.

e In primary watersheds’? of 200-500 ha in total area, limit the area cut
to no more than 10% of the watershed area within a 10-year period.

67Some features of the system, especially with high retention, approximate the “Plenterwald” of
Montane areas in Switzerland and Germany, with which there is more than 100 years of experience.

68Adap’tive management rigorously combines management, research, and monitoring so that
credible information is gained and management activities can be modified by experience. Adaptive
policy acknowledges institutional barriers to change and designs means to overcome them.

69566 discussion in Section 3.2.2, Rate-of-Cut and Total Area Cut in a Watershed.
70See Section 8.2.2.

71Prefix R refers to recommendation.

72The rate-of-cut and allowable annual cut (AAC) are distinct (see Section 3.2.2).

73A primary watershed is one that drains directly to the sea. A secondary watershed is one in which
the main stream drains to (is tributary to) a primary channel (main stream of a primary watershed); a
tertiary watershed drains to a secondary channel, and so on.
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(This prescription provides flexibility for harvesting within small
watersheds.)

¢ Inany watershed larger than 500 ha in total area, and primary
watersheds of 200-500 ha in total area in which harvest has exceeded
20% of the watershed area in the most recent 10 years, allow no
further harvest until the watershed conforms with the specified rate-
of-cut.

¢ In any watershed specified in the previous recommendations and in
which the recent harvest is greater than 5% in the last five years, but
less than 20% in the last 10 years, allow no further cutting until a
watershed sensitivity analysis and stream channel audit have been
completed.”# If these assessments indicate significant hydrological
disturbance, substantial or chronic increase in sediment yield, or
significant deterioration in aquatic habitat, cease harvesting until
undesirable conditions are relieved. Otherwise, harvest may
continue at a rate which will bring the drainage unit within the
recommended rate-of-cut limits within five years.

* Inany watershed larger than 500 ha in total area (and primary
watersheds of 200-500 ha in total area) in which harvest has
occurred, require a watershed sensitivity analysis and stream
channel audit once every five years. Where such assessments
identify hydrological disturbance, substantial increase in sediment
yield, or significant deterioration in aquatic habitat, cease harvesting
until these conditions are relieved. If such conditions are recognized
at any other time, sensitivity analysis and/or stream channel audit
shall be undertaken immediately.”>

e In watersheds where the harvestable area is less than 30% of the total
area, allow resource managers to use professional judgement to vary
these standards without changing the intent to regulate rate of
harvest to minimize hydrological change.

¢ Periodically review these recommendations and reformulate as the
results of monitoring accumulate.

* In watersheds important for their scenic values, complying with the
visual landscape management objectives may restrict the rate-of-cut
below the limits specified above.

74Watershed sensitivity analysis is discussed in Section 3.3, F3.19; a stream channel audit is an
inspection of a stream reach in which specified conditions (e.g., channel average width, volume of
stored organic debris, sediment texture) are measured or classified according to defined procedures
to permit comparison with previous inspections or with a prescription for desired channel condition.
See Section 8.2.2.

75This recommendation is included for completeness. Literal application could trigger continual
analysis everywhere; the Panel assumes its recommendations will be implemented with good
judgement and common sense.

April 1995 82



Chapter 3

Proposed rate-of-cut
limits obviate the
current arbitrary
limits on the size
and adjacency of
individual cutting
units within a
watershed.

Conventional terms
are inappropriate.

Replace conventional
silvicultural systems
in Clayoquot Sound
with a variable-
retention silvicultural
system.

Clayoquot Sound Scientific Panel
Sustainable Ecosystem Management in Clayoquot Sound: Planning and Practices

Size of Cutting Unit and Adjacency

R3.2  Within the harvestable areas, determine the size and configuration of
cutting units based on consideration of topography, site and stand
conditions, adjacent reserve areas, visual landscape management
objectives and design principles, and operational constraints.

Once an annual rate-of-cut (in hectares per year) from the watershed is
determined, no arbitrary limit on the size and adjacency of individual
cutting units within a watershed is needed because the rate-of-cut limits
proposed (R3.1) restrict the amount and rate of disturbance within a
watershed. Exceptions occur where size and adjacency must be
considered in relation to visual landscape management objectives.
Riparian and other reserve areas established at the watershed planning
level will protect values that require reserve forest.

A New Terminology for Silvicultural Systems

R3.3  Adopt new terms to describe non-conventional silvicultural systems.
Conventional terms are inappropriate to describe systems designed to
protect multiple values, maintain ecosystem function, and produce a
diversity of forest products.

Adopt a Variable-Retention Silvicultural System

R34  Replace conventional silvicultural systems in Clayoquot Sound with a
“variable-retention silvicultural system.” The purpose of this system is
to preserve, in managed stands, far more of the characteristics of natural
forests.

The variable-retention system provides for the permanent retention after
harvest of various forest “structures” or habitat elements such as large
decadent trees or groups of trees, snags, logs, and downed wood from
the original stand that provide habitat for forest biota.

Forest structures are retained to meet the following specific ecological
objectives:

* to provide, immediately after harvest, habitat (e.g., large trees, snags,
and logs) important to the survival of organisms and processes that
would otherwise be lost from the harvested area either temporarily
or permanently;
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* to enrich current and future forests by maintaining some remnant
structural features and organisms from the previous stands. These
features might otherwise be absent from the cutting unit for decades
after logging; and

* toimprove “connectivity” between cutting units and forest areas by
facilitating the movement of organisms through the cutover areas.

Retention silvicultural systems facilitate protection of culturally
important sites (e.g., culturally modified trees), and scenic and
recreational values. The variable-retention silvicultural system provides
for a range of retention levels (Figure 3.2). The type, amount, and spatial
pattern of the retained material depend on site characteristics and
management objectives.

Figure 3.2 Variable-retention system provides a continuum of
options.
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Prescribing the Variable-Retention System

R3.5
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Specify prescriptions for variable-retention cutting units in terms of the
types, spatial distribution, and amount of forest structures that are to be
retained.

“Types of structures” refers to the kind of material that is selected for
retention (e.g., snags, large live trees).

“Spatial distribution of structures” refers to whether retained trees are
aggregated in small intact patches or strips of forest, or are dispersed as
individual structures over the cutting unit (Figure 3.3). Aggregates are
particularly useful in providing opportunities for safely retaining snags
and “danger trees” important to biological diversity.

“Amounts of structures” refers to their density or cover within the
cutting unit. The amount of live tree retention is described in terms of
numbers of stems when retention is dispersed, and in terms of area when
retention is aggregated.
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Figure 3.3 Small clearcuts, aggregated and dispersed retention under a
variable-retention silvicultural system.

small clearcuts aggregated retention dispersed retention

On cutting units with R3.6  On cutting units with significant values for resources other than timber

significant values for (e.g., visual, cultural, or wildlife resources), or with sensitive areas,
resources other than implement high levels of retention. Examples of sensitive areas include
ti mbgr . or with dry floodplains (outside of riparian reserves), areas with high visual
sensitive areas, landscape management objectives (currently described by visual quality
implement high

objectives of “preservation, retention, or partial retention”; see Section
2.3.3), steep slopes, and marginally stable slopes and soils (stability class
IV). On such units:

levels of retention —
at least 70%.

¢ retain at least 70% of the forest in a relatively uniform distribution;

* when harvest occurs in small patches, limit opening sizes to 0.3 ha or
less;

* retain at least some larger diameter, old, and dying trees; snags; and
downed wood throughout the forest (but not necessarily in
harvested patches); and

¢ identify “no-work zones” representing a minimum of 15% of the
cutting unit area (i.e., areas including snags and other danger trees)
before any harvesting takes place.
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R3.7

Photo 3.5

In areas with sensitive
sites or high values for
resources other than
timber, high levels of
retention—at least 70%
of the forest—are
recommended.

On cutting units without significant values for resources other than

timber, or without sensitive areas (e.g., with no steep slopes or unstable
soils), implement low levels of retention. On such units:

April 1995

retain at least 15% of the forest;

retain most material as forest aggregates of 0.1-1.0 ha well dispersed
throughout the cutting unit;

ensure aggregates are representative of forest conditions in the
cutting unit (i.e., should not be disproportionately located in less
productive portions of the cutting unit);

retain aggregates intact as “no-work zones”;

regardless of retention level, ensure that no place in an opening is
greater than two tree heights from the edge of an existing aggregate
or stand; and

when dispersed retention is employed, select the most windfirm,
dominant trees present on the unit.

Photo 3.6

In areas not on sensitive
sites and without
significant values for
resources other than
timber, low levels of
retention—at least 15%
of the forest—are
recommended.
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R3.8
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R3.11

Tailor prescriptions for retention to stand characteristics, topographic
conditions, and other resource values on the working unit.

* In general, retain a representative cross-section of species and
structures of the original stand.

* Select specific structures and patches to meet ecological objectives
(e.g., provide future habitat for cavity-using species).

* Select patches to protect culturally important features (e.g.,
culturally modified trees, recreation sites, scenic features).

¢ Determine appropriate amounts of retention based on ecological
sensitivity and forest values within the working unit.

Exempt very small working units (i.e., less than four tree heights across)
from the minimum 15% retention requirement in R3.7.

Do not salvage blowdown in retention cutting units except where it
threatens desired values (e.g., by establishing the potential for
unnaturally large or frequent debris flows, especially ones that might
threaten special sites such as spawning areas). Areas of blowdown
provide live trees, snags, downed wood, or wood in streams which are
habitat for many organisms in present and future stands. Abundant
coarse woody debris is an important element in the forests and stream
channels of Clayoquot Sound (see Sections 2.2.2 through 2.2.4); its
removal is potentially disruptive to the objectives of retention and, in
most cases, is unnecessary.

Design the size, shape, and location of areas to be harvested within a
cutting unit to comply with topography and visual landscape
management objectives established for the area.

Implementing the Variable-Retention System

Develop restoration R3.12
plans for areas where
forest values have

been degraded.

Develop restoration plans for areas where forest values have been
degraded. Restoration plans should initially target:

* the restoration of hydroriparian zones; and

* large areas which have been clearcut in the past without retention of
late successional features (e.g., large, old living trees; snags; and
downed logs).

One feature of these plans would be to restore or hasten late successional
conditions within the harvestable area through either extended
“rotations” or appropriate stand tending (e.g., R3.16).
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In applying the variable-retention system, augment understanding of
retention objectives with judgement and local experience. For example,
use aggregated retention, mitigative measures, and local knowledge to
reduce risks of windthrow, especially when mid-levels of retention are
prescribed.

Initiate training programs in new techniques (e.g., wildlife tree
assessment, no-work zones, and riparian management) for forest
workers.

Provide incentives for tenure holders to implement the variable-
retention system and to apply greater than minimum levels of retention.
For example, incorporate flexibility in the stumpage appraisal system so
that innovation is not discouraged by undue reliance on historic costs.

Encourage innovative approaches to silvicultural practices throughout
the stand rotation to promote diverse forest structure and habitats, and
to attain structural features of old-growth forests. For example, patches
of wide spacing during pre-commercial and commercial thinning can
encourage more rapid development of characteristics similar to old
growth in both the overstory and understory.

Post-harvest silvicultural treatments should approximate natural
patterns. For example, regeneration of naturally occurring species mixes
should be encouraged and prescribed burning should be limited to
small areas.

Devise methods of monitoring (Chapter 8) the multiple objectives of
retention silvicultural prescriptions (i.e., expand the Pre-harvest
Silviculture Prescription (PHSP) beyond the current emphasis on
attaining regeneration).

Implement an adaptive management strategy to incorporate new
knowledge and experience. Establish research and monitoring programs
to assess effectiveness of these initial recommendations in meeting
ecological, cultural, scenic, and economic objectives, and to improve
recommendations on an ongoing basis.

Because innovative practices may have unanticipated consequences,
policy also must be adaptive. Establish policies to modify standards and
practices when consequences contrary to the objectives of sustainable
ecosystem management are clearly documented or when alternative
approaches for achieving objectives are recognized. Act to ensure that
monitoring procedures anticipate surprise and that regulations can be
quickly modified to reflect new information.
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R3.21 Phase in the variable-retention silvicultural system in Clayoquot Sound
over a five-year period, according to the following schedule of minimum

achievements:

®  20% of the annual area harvested by end of 1996;

* 50% of the annual area harvested by end of 1998; and
* 100% of the annual area harvested by end of 1999.

R3.22  Fast-track watershed-level planning. While the Panel recognizes that
some harvesting by the variable-retention system will be undertaken
before appropriate watershed-level planning can be completed, harvest
without requisite watershed-level planning should be minimized.
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