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Foreword

The cooperative Montane Alternative Silvicultural Systems (MASS) research project addresses
regeneration, wildlife habitat, and aesthetic concerns in managing forests at higher elevations on
Vancouver Island, A series of integrated studies are examining the biological and economic
consequences of alternative silvicultural systems, The costs and feasibility of harvesting these old
growth forests using small Patch Cuts, Green Tree Retention and Shelterwood systems are being
documented. Many long-term studies will evaluate the impacts on forest dynamics, soils,
microclimate and biological diversity.

The objective of this workshop, held from June 7-8, 1995 in Courtenay, B,C., was to provide a
forum in which the MASS project's initial findings were presented, Fourteen papers from all
members of the research team were delivered to an audience of 100 participants from industry,
government and academia, primarily from the Vancouver Forest Region, A field trip was also
made to the MASS project site, located 20 km southwest of Campbell River in the Menzies Bay
Division of MacMillan Bloedel Limited,

Jim Arnott and Bill Beese
MASS Project Coordinators

JUly 1,1995
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The Montane Alternative Silvicultural Systems Project:
AResearch ami Operations Partnership

Roger J. Whitehead
Canadian Forest Service
Pacific Forestry Centre

506 West Burnside Road
Victoria, RC. V8Z tM5

Coastal British Columbia has some of the world's most productive forested land. The temperate
rainforest, and activities of those of us who make our living in it, have drawn this area to the
attention of the world. Much has focussed on majestic stands at low elevation, but not all our
forest, nor all of its value, is found there. Even our mid- to high-elevation "montane" sites support
large volumes of high value timber. Age, species, and structural diversity of these forests provide
habitat for many organisms. Because of their position on the landscape, these forests provide the
backdrop to spectacular viewscapes and are important upslope components of our watersheds
with all their associated values. Here, on Vancouver Island, nearly a third of our total land area is
"montane forest." Two-thirds of this has had no recent disturbance; most fits the definition of "old
growth" forest.

As more and more people settle on, or visit, Vancouver Island, the demands on our forests both
increase and diversify. Since timber operations began to move upslope thirty years ago, montane
forest types have become an increasingly important source of fibre for industry and employment
for island communities. That move upslope presented a regeneration challenge that required
changes in operational practice. The same approaches used successfully at low elevation did not
always work. New approaches, based on better understanding of the ecology of montane sites,
developed from cooperation between scientists, foresters, and field staff, focussed the efforts of
several agencies and several disciplines on problem solving and adaptive management.

Shifts in population and changing global and local attitudes, present overwhelming pressure to
change operational practice again. This expectation of change is captured in the recent
recommendations of the Scientific Panel for Sustainable Forest Practices in Ciayoquot Sound,
which provide a new entry to the forestry jargon: "variable-retention silvicultural system." If only we
could say: "No sooner said than done" with confidence, but many questions remain unanswered
about the safety, economic viability and environmental sustainability of management systems
based on non-clearcut harvest. Once again, the key to finding workable solutions will be close
cooperation between the research and operational communities through a process of adaptive
management. The Montane Alternative Silvicultural Systems (MASS) partnership has begun
this process.

Partnerships such as the MASS run on two principal fuels: people and money. You will see the
names of many of the key people attached to the presentations in these proceedings, but there are
others that should be acknowledged: Terry Rollerson for calling the first ad hoc meetings to discuss
how to tackle silvicultural systems research on the South Coast in 1989; Janna Kumi, for her
singular devotion to developing the vision of MASS; Ted Kimoto, Ken Buxton, Marv Clark, and Bob
Dobbs for marshalling some of the best human resources of MacMillan Bloedel, the Canadian



Forest Service and FERIC; John Drew, Elaine Teske, Henry Benskin, and Dale Draper for their
faith that this ambitious project was worth supporting with public money. These partnerships do
require money. The MASS project has been generously supported by the Canada-B.C.
Partnership Agreement on Forest Resource Development - "FRDA II," by the Forestry Practices
Initiative of Canada's Green Plan, and by the core budgets of the Canadian Forest Service, the
Forest Engineering Research Institute of Canada, and MacMillan Bloedel Ltd. The MASS project
has made a difference already. More than 500 forest workers toured the site during or soon after
the logging operation and carried back new understanding to their own operations. The project has
attracted visitors from around the world, has featured prominently in discussions of Canada's
Parliamentary Committee on Clearcutting and the Clayoquot Scientific Panel. In these
proceedings, you will find the first results of scientific studies that will continue to provide baseline
information for decades to come.
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Montane Alternative Silvicultural Systems (MASS)
Introduction and Objectives

William J. Beese
Forest Ecologist

MacMillan Bloedel Limited
65 Front Street

Nanaimo, B.C. V9R 5H9

Abstract

The cooperative Montane Alternative Silvicultural Systems (MASS) research project addresses
regeneration, wildlife habitat, and aesthetic concerns over clearculting at higher elevations on
Vancouver Island. Integrated studies are examining the biological and economic consequences of
alternative silvicultural systems. The cost and feasibility of harvesting old growth using small Patch
Cuts, Green Tree Retention and Shelterwood systems were documented. Long-term studies will
evaluate the impacts on forest dynamics, soils, microclimate and biological diversity.

Project Rationale

Concerns over high elevation regeneration performance in large clearcuts was the primary reason
for establishing the Montane Alternative Silvicultural Systems (MASS) study. Coastal "montane"
forests have a winter snowpack and are found between 700 and 1100 metres in elevation on
Vancouver Island. Observations suggest that on some clearcuts at these elevations, regeneration
of natural and planted trees may not be meeting current growth expectations because of patchy
stocking or growth inconsistencies (Koppenaal and Mitchell 1992). The apparent growth problems
may be related to environmental conditions on large clearcuts that create unfavorable
microclimate, vegetation competition, nutrient availability or alterations to ecosystem processes
affecting forest regeneration. There is liltle data on ecosystem processes in montane and
subalpine forests on which to base silvicuitural decisions. These predominantly old-growth forests
represent about 30% of the land base on Vancouver Island. For MacMillan Bloedel, 25% of its
future Allowable Annual Cut is dependent upon this resource. Silvicultural systems that provide for
canopy protection to reduce microclimatic extremes may help regenerate the shade
tolerant amabllis fir (Abies amabilis) and western hemlock (Tsuga heterophylla) that dominate
these forests.

At the same time, greater regard for multiple forest values Including wildlife habitat, biological
diversity and visual aesthetics is prompting foresters to consider new approaches for managing
coastal forests. There is growing public pressure on Industry and government to reduce the size
and extent of clearcutting in B.C. On the coast, there is very little experience with other silvicultural
systems. Forest managers need to know where alternatives to clearcutting are feasible,
economical and ecologically sound. This study provides an opportunity to address a variety of
today's challenges.

The MASS cooperative is a mUlti-agency research effort between MacMillan Bloedel, the Canadian
Forest Service, the Forest Engineering Research Institute of Canada (FERIC), the University of
British Columbia and the University of Victoria.
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Objectives

The of the Mf',;:'''' are to:

1 Test "ilArr,,,llvA v ncumH ct, sylstems for montane cOlastal

2. Document the 00'9ratlo:1a: costs feasibility;

3. Study biologloal

A mUlti-disciplinary team Is feasibility and growth and yield,
microclimate, soil disturbance end nutrients, forest planted
regeneration, forest bird succession, response to competition and
nutrition. and forest be used to for selecting

systems, options for montane ecosystems to meet
regeneration, aesthetic and safety.

Study Area

The study Is located on MacMilla: Bloedel's private land south , B.C. within the
Montane Moist WE,st,sm HAmir)['k biclgeoclim,"tic variant (CWHmm2) (Green and
Kllnka 1994). study area ranges in from 740 to 850 metres on a northerly aspect.
Slopes are generally less than 20%.

The old-growth forest on the area was dominated by western hemlock and amabllis fir, with
varying amounts western redcedar (Thuja plicata) and yellow-cedar (Chamaecyparis
nootkatensis). Overstcry trees In age from 200 to 800 ages, stand structure
and the presence of charcoal at the minerai soil surface 10 to 40 cm under the forest floor suggest
that the stand in of disturbance or large-scale windthrow for at least
500 years, and probably much longer.

"HwBa-Pipecleaner Is the dominant sile association on the study area. It occurs on well- to
moderateiy wei I-drained slopes characterized as a "fresh" soil moisture regime. Alaska and oval-
leaved blueberry dominate the ccver. The moist to very moist "BaGw-Salmonberry" site
association occurs In depressions and seepage tracks, most often Intermixed with the Plpecleaner
moss association in a complex mosaic. Devll's forms dense shrub cover In portions of this
association. Minor amounts of the wet "CwSs-Skunk cabbage" are also present,
mostly in small depressions.

Soils within study area are predominantly Orthic and Gleyed Ferro-Humic Podzols. They are
generally over one metre deep, but some areas have shallow soli over sandstone, shale or
conglomerate bedrock. Well-drained to moderately wei I-drained soils occur on middle to upper
slopes and hummocks. Moderately well-drained to imperfectly drained soils occur on lower slopes
and in depressions. Many portions the study area have a mosaic of well-drained and Imperfectly
drained soils in response to tha hummocky topography. Soil conditions vary widaly over short
distances. Bogs have developed where a few pockets of poorly drained soils occur. Soils in the
study area have high clay content (20 to 48 percent) In relation tc typical Vancouver Island soils.
Surface organic horizons (i.e" forest floor) are dominated by tv10r humus forms (Humimors and
Hemihumimors), The typical sequence of horizons is a thin (O.5 to 1.5 cm) litter iayer, a 3 to 5 cm
matted "F" layer, and a weli decomposed humus layer of variable thickness. Decomposed wood Is
a predominant component of deeper humus layers.
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Experimental Design

The experiment includes three replicates each of silvicultural systems representing a range of
overstory removal: a uniform shelterwood, and two variations of clearculling-small Patch Cuts,
and Green Tree Retention. Adjacent to these treatments is a 69 ha clearcut and an old-growth
baseline monitoring reserve (Figure 1). Individual tree and group selection systems were
considered, but were not deemed feasible for the stand conditions and equipment available.

Each replicate occupies an area ranging from 8.6 to 11.5 hectares. Most replicates were
rectangular, approximately 250 m x 360 m. The three replicates of each of the three clearcut
alternative systems occupies an area of 94 hectares. Treatments were allocated to this area by
dividing it into nine roughly equal blocks and three groups of three (west to east). Treatrnents were
assigned randomly within each group. The group assignment ensured distribution of each
treatment across the site. Because the intent of the Green Tree Retention treatment is to represent
a small c1earcut with residuals, a constraint was placed on random assignment to reject the
occurrence of two adjacent Green Tree replicates.

The large Clearcutto which the alternatives will be compared was harvested during 1992 (58.5 hal
and 1993 (10.6 hal. The untreated old-growth "control" (20 hal will remain between the
conventional c1earcut and alternative systems for a minimum of 20 years. The Clearcuttreatment
was assigned to a large neighboring c1earcut rather than 9-hectare clearcuts interspersed within
the other treatments in order to be representative of current and past practices. The old-growth
control was also assigned to a single larger area, rather than three 9-hectare blocks, to minimize
edge effects. Old-growth buffers to the north and south of the alternative systems block will remain
for wind protection for the foreseeable future. Other areas surrounding the treatment blocks could
be harvested any time in the future, though there are no immediate plans for development.

Experiments influenced by edge effects were located within a 1.6 ha "core" in the centre of each
9 ha treatment block. The treated buffer surrounding the core was defined as two to three tree
lengths (85 m) from the block boundaries. All studies were referenced to a 60 m sampling grid with
permanent metal markers established before harvesting. Forest cover and plant associations were
mapped at 1:5000 scale before harvesting. Forest inventory was done at about three times the
normal intensity for a commercial timber cruise, and included measurement of several additional
stand attributes, such as coarse woody debris and advance regeneration. Pre-harvest monitoring
to characterize the old-growth forest also included physical and chemical soil properties, above
and below-ground microclimate, vegetation cover, and breeding bird communities.

Silvicultural Systems

The treatments represent a gradient of microclimatic conditions and residual forest cover for
regeneration protection and wildlife habitat. Each was designed with specific objectives in mind.

Clearcut

A 69 hectare area was harvested over a two-year period with two adjacent clearcuts to provide an
example of clearcutting practices for comparison to alternative systems. The regeneration
objective is to establish a mixed stand of conifers through natural regeneration from advanced
stocking and seed-in, supplemented by fill-planting to achieve stocking targets and desired species
composition.

5
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Patch Cut

Small cutblocks were designed with alternating leave strips so that regeneration is within two tree
lengths of an edge. This provides seed-fall and protects regeneration against snow, wind and
temperature extremes. All trees were cut in three 1.5 to 2 ha patches (approximately 120 x 125 m)
within each treatment block. Except for size, the concept is similar to a strip shelterwood. The
remaining 50 percent of the stand will be harvested after regeneration reaches 10m in height.
This also spreads harvesting over a longer time period for aesthetic and wildlife habitat values.
Regeneration will be achieved primarily through natural stocking, supplemented by planting
as required.

Green Tree Retention

The goal of this treatment-also known as clearcutling with reserves-was to leave 25 trees per
hectare in small clearcuts to enhance the structural diversity of future stands for wildlife and
aesthetics. The appearance is similar to a seed tree system, except that reserves are left for the
entire rotation to meet other objectives. Trees were selected for relatively uniform distribution,
windfirmness, safety and representation of the entire stand profile. Five snags per hectare will be
created in future for cavity nesting birds. Natural regeneration is prescribed, supplemented by
planting as required to achieve a mixed species composition.

Shelterwood

This system provides protection for regeneration against snow, wind and temperature extremes,
and enhances the structural diversity of future stands for wildlife and aesthetic values. Trees
representing the entire stand profile and 30% of the basal area (approximately 200 stems per
hectare over 17.5 em DBH) were left throughout the stand. Reserve trees were selected for
yarding feasibility, safety, windfirmness and residual stand structure. Although the approach is
considered a uniform shelterwood, clumped distribution was necessary to facilitate harvesting and
to protect smaller trees. If feasible and economical, a portion of the leave trees will be recovered
when regeneration is established, leaVing up to 25 wildlife trees per hectare. A second option
identified in the stand prescription is to leave all residual trees for the entire rotation, creating a
multi-aged "irregular" shelterwood. Regeneration will be achieved primarily through advanced
natural stocking and seed-in.

Harvesting

Roads were built in 1992, and harvesting was completed between May and November of 1993.
The Workers' Compensation Board was involved during harvest planning to ensure safety
requirements were met. Trees were marked to meet the specific silvicultural objectives established
for each treatment. Several days of training occurred, with field input on marking from equipment
operators, fallers, researchers and other operational personnel. Manual felling was used in all
treatments. Where a marked tree could not be retained, fallers could choose an alternative tree of
similar size. Trees were bucked to specified log lengths at the stump to maximize value recovery.

A hydraulic log loader was used to forward or swing the logs from stump to roadside. Hoe
forwarding is the method of choice for yarding timber on gentle slopes. Although this type of
logging system has been employed in partial cut treatments of second growth stands, it had not
been used before for partial cutting old-growth forests in coastal B.C. In the Shelterwood, access
corridors up to 20 metres wide were placed perpendicular to main roads at a maximum spacing of
120 metres. Trees were felled and removed from corridors before felling trees toward them from
the surrounding stand. Ground skidding was used in conjunction with hoe-forwarding in the
Shelterwood to yard wood from corridors to the main roads.

7



Application

Much experience was gained from the MASS study that will benefit future application of the
systems tested. The study area has already served as an important demonstration area for others
planning to implement alternative systems in coastal B.C. Crew involvement in the planning stage
was a key element in successful implementation. Close on-site supervision was essential to
ensure proper scheduling of harvesting phases for the multiple blocks.

Shelterwood, Green Tree Retention and Patch Cut treatments can be done successfully in old
growth forests under the conditions tested at MASS, but the biological and economic implications
will determine whether or not these treatments should be applied elsewhere. Harvesting feasibility
and cost results are not applicable to areas of steeper terrain that require different yarding
systems.

This project has created a long-term research installation where multi-disciplinary projects can be
undertaken in montane coastal forests with replicated alternative silvicultural treatments. The study
area has already attracted several additional studies. 1 The experimental installation will be
monitored for at least 20 years, at intervals determined by future funding arrangements among
cooperators. Ideally, the project will extend to the entire forest rotation.

Project results will assist development of guidelines for forest practices in montane coastal B.C.
forests. Challenges to those designing silvicultural systems to meet a variety of management goals
include: ensuring that regeneration, tending and product objectives are met; balancing logistics,
minimizing windthrow and protecting regeneration during multiple entries; meeting wildlife needs
without compromising forest health; and thinking beyond the traditional definitions of silvicultural
systems to create innovative approaches.
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Harvesting logistics and Costs

Eric J. Phillips, ASc. T.
Forest Engineering Research of Canada

2601 East Mall,
Vancouver, B.G. V6T IZ4

Introduction

The Montane Alternative Silvicultural Systems study is a multi-agency
project initiated for both silvicultural and social reasons. The study Is a cooperative research
project between MacMillan Bloedei Limited (MB), the Canadian and the
Forest Engineering Research Institute of Canada (FERIC), participation by University of
Victoria (UVic) and the University of British Columbia (USC). The study compared uniform
Shelterwood, Green Tree Retention, Patch Cut and Clearcuttreatments harvested by the
handfalling/excavator forwarding (Figures 1 and 2) technique.

Figure 1. Handfaliing. Figure 2. Excavator forwarding.

This paper presents a summary of the harvesting logistics and a draft summary of the cost
portion of FERIC's work. The addltionai FERIC studies of site disturbance, detailed timing, soil
compaction, slash loading and detailed costing assumptions are contained in a separate
FRDA report.'

Failing

All blocks were mark to leave. However, the fallers could substitute a tree of similar size if the
marked tree was damaged or If a marked tree had to be felled because of safety. The primary
concern in all treatments was the safety of the fallers. Because of the residual trees, and the close
proximity of the unfelled stand in the Patch Cuts, the customary practice of maintaining visual
contact between fallers was not possible. Typically, only one faller would work in each Patch Cut
with one or more fallers working In each Green Tree and Shelterwood unit. The fallers used radios

1 Ph1!1ips, E.J. (in prep). ProductiVity and cost of harvesting under alternative sJ1vicultura! systems. FOL Eng. Res. lnst
Can" Vancouver, B.C. Special Rep. Can. For. Servo and B.C. MlrL For" Victoria, B,C. FRDA Rep.
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with collar microphones and in some cases earmuff speakers to regularly check with their partner
in compliance with WCB check-in requirements. When falling into standing timber and residual
trees, branches and broken wood can hang up in the trees, presenting a serious safety hazard.
The fallers compared falling the Shelterwood treatment with opening road right-of-way. One lost
time falling accident did occur in a Shelterwood treatment.

Although falling in the Shelterwood was the most challenging, the variation in tree size, tree lean
and decay made all treatments difficult. In the Green Tree treatment, prescribed small residuai
trees were very easily knocked over by the tops or even the limbs of large trees and ensuring their
retention was difficult. In the Patch Cut treatment the major problem was opening and maintaining
a workable face in a relatively small (1.5 hal opening, given the inconsistent lean of the trees.

Table 1 and Figure 3 present the summary of falling time, cost and productivity by treatment. The
productive hours plus prorated delays are used for costing. Delays not specific to the traatment
were prorated to all the treatments, while delays relating to research activities and management
were excluded from costing. The prorated delays include callout time (allowance for days when it
is too windy to fall); on-site safety meetings; faller training; accident reviews; moving time; and light
duty. The falling costs for the MASS treatments were from 2% less to 16% greater than for the
Clearcut control. The Green Tree treatment had a 2% lower cost than the Clearcut and the other
two treatments where from 15 to 16% higher than the clearcut control. The results show
considerable variation between replicates (Figure 4) due to differences in severity of and
direction of tree lean, number and size of obstacles, steepness and evenness of terrain, and
number of snags.

Table 1. Summary of cost and productivity

Shelterwood Green Tree Patch Cut Clearcut

Area (ha) 27.5 27.3 17.1 69.1

Volume (mS) 14503 18425 11175 45360

Piece size (mS) 1.25 1.12 1.12 1.15

Falling
Timea (h) 1069 1138 807 2868
Productivity (mS/h) 13.6 16.2 13.8 15.8
Cost ($/h) 59.14 59.14 59.14 59.14
Cost ($/mS) 4.35 3.65 4.29 3.74

Forwarding
Timeb (h) 646 569 292 1001
Productivity (mS/h) 22.4 32.4 38.3 45.3
Cost ($/h) 125.00 136.58 137.40 156.20
Cost ($/mS) 5.57 4.22 3.59 3.45

Cost at roadside ($/mS) 9.92 7.87 7.88 7.19

a Including prorated delays.
b InclUding prorated delays. all machines.

10
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Figure 4. Failing and forwarding costs by replicate.

In all treatments breakage was a problem and is not included in the analysis. To reduce breakage
in the Shelterwood, some of the clear-felled forwarding corridors were forwarded several times
during falling. As well, log lengths were reduced to a maximum of 16.5 metres.

Forwarding

A project requirement was to utilize existing company equipment wherever possible. Ground
based equipment, excavator forwarding to roadside or excavator forwarding to within super-snorkel
reach, is normally used in this terrain. Although a cable system (grapple yarder) was considered for
the Shelterwood treatment, deflection was insufficient on some of the yarding corridors. In addition,
the logistical problems of coordinating excavator forwarding and grapple yarding within a single
block was impractical for this trial. Five forwarding machines were used in the study area. A
Thunderbird 1146 (Excavator 1) equipped for excavator forwarding, was the primary forwarder in
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all treatments. A Cypress 1825C (Excavator 2) and a Chapman 1825 (Excavator 3) were used for
forwarding and loading. A KMC 2500 AG track grapple/line skidder was used in the Shelterwood
treatment to forward excavator-decked wood to roadside and was also used to a limited extent in
some of the other treatments for forwarding and clean-up. The track skidder was leased for the
project to ensure all treatments were harvested in a single season. The super-snorkel was only
used in the first Clearcut block.

Excavator 1 used a "serpentine" yarding pattern (Figure 5) in all treatments except for the
Shelterwood units. In this pattern, the excavator walks to the timber face or split line that is furthest
from and parallel to the road. Forwarding begins by walking the excavator in a path parallel to the
haul road and decking all logs at right angles to the haul road. At the end of the block, the
excavator turns to a new path parallel to the first and decks all new logs and then SWings the
previous log deck to the new deck. In theory, each pass with the excavator will move the log deck
50+ metres closer to the road. This pass distance is the sum of twice the excavator reach
(14.6 metres) plus slightly less than twice the log length (17 metres). However, in Clearcut 1 the
actual forwarding distance was 29 metres while in the Patch Cuts and Green Tree units it was
27 and 23 metres respectively. The limitations were primarily due to terrain-swampy pockets and
large stumps-and the variability of log size with the large logs being beyond the lifting capacity of
the excavator at full extension and the small short logs not being capable of long forwarding
distance.
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Figure 5. Forwarding patterns.
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In the Shelterwood treatment, Excavator 1 used a different forwarding pallern which was a
modification of the "up and down" method. The excavator walked from the clear-felled forwarding
corridor, between the standing trees and piled the logs within reach until it had advanced to the
split line between forwarding corridors. The excavator then reversed and forwarded the piles to the
corridor for forwarding to roadside by the track skidder.

Excavators 2 and 3 used the serpentine pallern in the Green Tree blocks and the Patch Cut, and
the up and down pattern in Clearcut 2 and the Shelterwood.

The track skidder worked primarily in the Shelterwood units with some work in one Green Tree
unit. In the ShelterNood units, the tracked skidder forNarded the logs, decked by the excavator on
the corridors to roadside. In the Green Tree unit, the skidder forwarded logs, skidding from the
stump to roadside with some orienting by Excavator 1, of log bUlls, to facilitate grappling. The track
skldder also acted as a clean-up machine by retrieving logs missed by the excavator.

The costing is calculated using FERIC'sstandard methods. Overall the least costly forwarding was
the Clearcuttreatment at $3.45/m3 followed by the Patch Cut at $3.59/m3 , the Green Tree at
$4.22/m3 and the Sheltervvood at $5.57/m3 (Table 1). Using the Clearcut cost as a base, the Patch
Cut cost was 4% higher, the Green Tree was 22% higher and the Shelterwood was 61 % higher.
The three replicates with the lowest forwarding costs were Green Tree 1 at $2.86/m3, Clearcut2 at
$3.22/m3 , Patch Cut 3 and Clearcut1 at $3.49/m3 (Figure 4). Either there is no relationship
between the falling cost and the forwarding cost, or the differences were overshadowed by another
factor. (It had been theorized that a higher falling cost may result from more careful orientation of
logs for forwarding and therefore result in a lower forwarding cost.) The lowest forwarding cost was
in replicates with Excavator 1 as the primary machine. Excavator 1 was the newest machine, had
the operator with the most experience in excavator forwarding and was the machine with the most
suitable specifications. For excavator forwarding, the most Important machine specifications are
high ground clearance, long boom reach and adequate power.

The combined failing and forwarding costs were 10% higher for the Patch Cut and Green Tree and
38% higher for the Shelterwood than the Clearcut base.

Much of the success of this trial is related to the project planning and coordination. The crew was
informed of and accepted the rationale of the objectives and In most cases accepted the challenge
and tried to find solutions to operational problems. Throughout the study, the researchers
communicated with the crew and answered questions as they arose.

Several factors other than harvesting cost affect the success of these silvicultural systems. The
costs here do not include the value of the timber left behind, tree marking and additional
supervision. Regeneration success and long term windfirmness are also critical issues.

What did we learn?

• The treatments are possible with conventional equipment in this terrain.

• Short log lengths, and holler logging can reduce damage.

• The most effective yarding was with a purpose-modified excavator.

• The harvesting costs were about 10% greater for the Patch Cut and Green Tree treatments and
38% greater for the Shelterwood compared to the Clearcut base cost.

• The significance of the cost difference will depend on the effect of the treatments on
regeneration performance and if the stands remain windfirm.
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