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STEMS – Silvicultural Treatments for Ecosystem Management
in the Sayward

1 BACKGROUND
The ideological conflict over clearcutting has led many coastal forestry operations to
harvest timber using alternatives to clearcutting, especially variable retention.  But there
is little solid research information to guide the way for policy, regulation and guidelines
relating to partial cutting.  The STEMS project is a large-scale, multi-disciplinary
experiment that compares forest productivity, economics and public perception of 7
silvicultural systems, replicated at three sites in the Sayward Forest.

The Sayward Forest is an area of high recreational values characterized by an abundance
of large lakes.  The forest stands are between 40 and 60 years old.  This highly uniform
age class is the legacy of progressive clearcut logging and primitive forest fire
suppression during the 1930s and 40s.  Over the ensuing decades, the desire to create a
more balanced age class distribution across the landscape has resulted in this area having
one of the highest levels of silviculture investment in the province.  But the age class
imbalance and the lack of old-growth continues.  The STEMS project aims to create
diverse, multiple values in the Sayward forest that can be sustained by systematically
fostering a balanced distribution in time and space of many stand conditions and stages of
stand development.

STEMS is part of a larger study that includes 3 replications in the Capital Forest near
Olympia, Washington.  The decision to replicate the treatments in the Sayward Forest
was based on the similarity of knowledge gaps between the Sayward Forest and the
Capital Forest.  Both have the need for sound quantitative information about the
consequences of alternative practices in terms of public response to visual appearance,
economic costs and returns and the associated biological and ecological effects.

The Capital Forest Project is a collaborative study between the USDA Forest Service,
PNW Research Station and the Washington Department of Natural Resources in the
90,000-acre Capital Forest near Olympia, Washington.  The experiment is intended to
provide a comparison of silvicultural regimes having long-term value for both research
and demonstration.  The design considerations used were important in the decision to
replicate the experiment in the Sayward Forest.  These design considerations were are as
follows (from Curtis et al, 2002):

1) Joint design by managers and scientists – local managers and field foresters identified
the driving issues – to develop harvesting options that reconcile aesthetic values with
economic return and sustained wood production in visually sensitive areas.  Research
scientists provided guidance in experimental design.  Together they developed rational
options (silvicultural systems), way to implement and test them, and methods to obtain
the quantitative data needed for useful comparisons.

2) Operational and adaptive nature – Operational scale and operational feasibility were
essential if the project was to provide useful information to managers and be effective as
demonstration areas.  Therefore, for each option, any intermediate operations necessary
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to provide the desired regeneration and stand structure will be implemented.  Thus, a
given treatment might be necessary on some options or sites, but not on others and the
associated costs and complications become part of the evaluation.

3) Financial and staffing resources – No special funding was available to either
organization.  Stand treatments are done as component of on-going operation in
conjunction with DNR’s timber sale program.  Remeasurements were planned so that
basic data could be collected within the framework of existing PNW funding levels.

4) Continuity – Any project comparing silvicultural systems must continue beyond the
careers of the initial participants.  They attempted to incorporate a number of features to
favour long-term survival and continuity.

a) A wide range of options: social needs and desires change as does forest
conditions.  Even in multi-purpose forests, the relative importance of different
values will no doubt differ 20 or more years hence.

b) Large treatment areas and adequate replication:  size and number of treatment
areas must be sufficient to accommodate the damage and mortality that is to
be expected on any operation unit, and still provide useful information.  And,
larger areas are generally required for assessments of non-timber values such
as wildlife habitat that for timber values alone.

c) Applicability to major portions of the forest land base: the areas selected must
be representative of major portions of the land base available for multi-
purpose forestry.

d) Minimum essential expenses: essential expenses must be minimized so that
the project can survive the low of financial cycles and political interest.
Flexibility should be provided to accommodate additional work when
resources permit.

e) Multiple disciplines and organizations: inclusion of multiple disciplines and
co-operating organizations can increase cost-efficiency and permit more
comprehensive evaluations.  Diversity in partners can help to buffer the
project form the cycles of support that occur within and among disciplines and
organizations.

A Memorandum of Understanding between the BC Ministry of Forests and the USDA
Forest Service will be developed that will facilitate data sharing, develop future related
studies and sharing of results through joint meetings, workshops and publications.  In this
way the statistical power of the overall experiment is greatly enhanced and the
extrapolation over wide geographic regions can be done with confidence.

1.1 Goals
The overall goals of both the STEMS and Capital Forest projects are consistent.  They
are, within mature second-growth Douglas-fir stands:

� To create replicated examples of alternative harvest practices and silvicultural
regimes that can be used as a demonstration area by foresters and planners in
ecosystem management.
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� To provide quantitative information for evaluation of feasibility and costs of
alternative regimes and of their long-term effects on production of timber volumes
and values and other non-timber values.

� To evaluate the effectiveness of a number of contrasting silvicultural systems in
reducing environmental and visual impacts of forestry operations, while providing
high timber outputs over time.

1.2 STEMS Objectives

The STEMS project has both scientific and extension objectives:

1) Scientific:

a) To quantitatively compare forest productivity under contrasting silvicultural
systems over an extended time period including: a) residual trees; b) regenerating
trees; c) understory vegetation; d) light environments; e) mortality and windthrow
and f) coarse woody debris.

b) To quantitatively compare timber outputs and production costs and the
operational factors associated with harvesting, including post-harvest residual tree
damage, soil disturbance and compaction, and slash loading;

c) To quantitatively compare the public response to the various silvicultural
treatments.

2) Extension:

a) To create 3 replicated examples of seven silvicultural systems that can be used as
a demonstration area by foresters and planners in ecosystem management and an
experimental area for scientists studying ecosystem dynamics

b) To facilitate the interpretation of forest management implications and the
application of seven silvicultural systems by providing current information about
the biological, economic and social results of the STEMS project to all interested
audiences in a timely and appropriate manner.

The results of this experiment will be applicable to coastal regions and other areas of the
province, especially areas that are at the urban interface and are visually sensitive.  Other
areas where these treatments could be used are those areas with high recreation use,
critical wildlife habitats, or unstable terrain; community watersheds; or where
maintaining a high degree of stand level biodiversity is desirable.

1.3 Project Strategy
Using large, operational units as treatment areas is the only way to understand forest
dynamics (Franklin, 1989) and has several important advantages over small research
plots:

(1) easier to generalize management results to the watershed and landscape because
the spatial variation is accurately represented by the experimental units,
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(2) visual acceptance can be determined by direct observation of the treatment on the
landscape, and

(3) demonstration that the management treatment are both economical and feasible to
implement because by definition, they are operational2.

And although a series of smaller, short-term projects may seem cheaper, they typically
can only study one or two factors, and the process mechanisms are out of context.  Also,
they are not conducive to long-term study in which causal links can be determined
between a manipulated variable and some measured response.

The STEMS project is multi-agency and interdisciplinary but statistical design of the
experiment will ensure long-term opportunities for research that address land
management issues and ecosystem productivity.

1.4 Partner and Collaborator Responsibilities
Initial location of experimental areas and of treatment units within a selected
experimental area for STEMS 1 was done jointly by District and Branch staff.

Timber sale preparation and administration was the responsibility of District staff through
the Small Business Forest Enterprise Program.  Harvesting was done through timber sale
licences administered by District staff as part of their forest management operations.  The
District was responsible for compliance with all applicable forest practice regulations and
any other applicable rules.

Research Branch established and will maintain the permanent plot system, data
management, and analyses.  The Research Silviculturist for the Coastal Field
Experiments program within Research Branch has primary responsibility for data
collection and analyses.

Vancouver Forest Region Research Section staff helped co-ordinate the ecosystem
mapping and determined the standards for sampling of snags and coarse woody debris,
and will assist in the prescription for recruitment of coarse woody debris over time.

The Canadian Forest Service assisted with developing the prescription for the extended
rotation with commercial thinning treatment, and will study other aspects of forest
biodiversity subject to availability of resources.

FERIC provided the Servis recorders and time sheets for the harvest productivity study.
They summarized the time sheets and analysed the data for final costs of each treatment.

The USDA Forest Service, PNW Station provides guidance/advice in ensuring
compatibility between treatments at STEMS and the Capital Forest Study and provides
data sharing opportunities between the studies under a Memorandum of Understanding.

Additional co-operators from government, universities and other research organisations
will be encouraged to study various aspects of this project.
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1.5 Experimental Design

The study is a randomized block design having 7 treatments and a minimum of three
replicates in the Sayward, 3 replicates in the Capital Forest in Washington and the
possibilities of additional replication at other locations.  Stand growth and yield
information is based on repeated measurements on a grid of permanent plots, maintained
for the life of the experiment.  Supplementary short-term studies of aspects such as
harvesting costs and visual impacts are being done in co-operation with other
organizations.

In STEMS 1, seven silvicultural regimes were established in a completely randomised
design.  The basic experimental unit is the harvesting block that varies between 10 to 30
ha.  The minimum acceptable area required for each treatment unit varies with treatment,
being less for those that produced homogenous stand conditions (10 ha clearcut) than for
those that result in patches or sparse distribution of residual trees (30 ha for the patch
cut).

The basic analysis will be an ANOVA, testing the hypothesis of no difference between
treatments and providing estimates of means.  However, a variety of other comparisons
should be possible, though not all will be amenable to statistical test.

1.6 Treatments
The harvesting treatments represent a wide range of possible silvicultural systems.  As
systems, the initial cut is only the first step, and each initial treatment implies a series of
subsequent operations extending over the life of the stand.  Although the details and
timing of these cannot be specified in advance and will be dependent in part on
conditions in the individual stand, the general nature of these operations can be foreseen
and is outlined for each treatment in the Silviculture Prescription (Eriksen, 2001).

The treatments are listed by block number as follows:
1 = aggregated retention
2 = extended rotation with commercial thinning
3 = uniform dispersed retention
4 = clearcut with reserve
5 = patchcuts (0.5 to 3 ha)
6 = extended rotation without thinning (untreated control)
7 = group selection (<0.5 ha)

The extended rotations with and without commercial thinning are not silvicultural
systems, but management options for deferment of final harvest and reduction of the area
in the regeneration stage at any given time.

2  SITE DESCRIPTION
2.1 The Sayward Forest
The Sayward Landscape Unit (LU) covers 94,778 gross ha and consists primarily of
second growth forests (93% of the stands are less than 120 years).  The predominant
biogeoclimatic variants are the CWHxm1 (15%), the CWHxm2 (63%) and the
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CWHmm1 (13%). The LU has an abundance of large lakes with very high recreational
values and has one of the highest levels of silviculture investment in the province.
Throughout the major ecological variants there is a severe shortage of old growth stands
which are fragmented and primarily at higher elevations.

The Sayward LU can be divided into two subunits (the North and the South).  The North
contains a medium sized Forest Licence (Interfor FL A19232), is more diverse in terms
of age class representation and has a much lower level of recreational use and
silvicultural investment.  The Southern portion of the Sayward LU is primarily a Small
Business Forest Enterprise Program (SBFEP) charted area in which about 73% of the
forests are between 40 and 60 years.  The uniform age class is the result of a catastrophic
fire in 1938, in which 35,000 hectares of forests were burned.  The uniform structure
presents a unique challenge to foresters who wish to create a more balanced age class
distribution.  Silviculture investments in the area have included planting, juvenile
spacing, fertilizing, commercial thinning and the harvesting of red alder and root-rot
infected stands.

The Vancouver Island Land Use Plan (VILUP) proposes that the Sayward Resource
Management Zone be considered as a General Management Zone (GMZ).  This
recognizes both high timber and non-timber values.  The overall goal of a GMZ LU is to
promote standard timber harvesting and production in accordance with principles of
integrated resource management (IRM).  IRM is a process that considers all resource
values, with stewardship guided by the principal of sustainable use.  The overall
management direction for the Sayward RMZ is described as follows:

� integration of high second growth timber values with significant fish and wildlife
values, as well as visual/recreation and tourism values;

� biodiversity management with focus on long term replacement of old seral forest
attributes in CWHxm1 and xm2 through active silvicultural measures;

� specific opportunities for enhanced harvesting and second growth management
with enhanced silvicultural practices.

The Sayward also has a "General Biodiversity and Conservation Management Regime".
The overall goal is to maintain natural elements and attributes of biodiversity at an
intermediate level of biodiversity conservation.  The strategies include:

� retaining old seral forest in the xm1 and xm2, and replacing old seral forest
attributes in the long term (>150 years) through active applications of silvicultural
practices, including alternative silvicultural systems;

� recruitment of stands to meet old growth management area targets, should be well
distributed in second growth, including early seral forest;

� mature forest attributes should be recovered in the mid-term (>50 years).

The assignment of "Biodiversity Emphasis Options" sets targets for old seral forests,
patch size distribution, and wildlife tree patches.  The CWHxm1 and xm2 variants are
seriously underrepresented in terms of old seral forests.
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The Sayward Planning Committee within the Campbell River Forest District office is
currently working on a development plan for timber and non-timber objectives.  In the
future it is expected that partial cutting systems will be used in visually constrained areas,
stands will be converted from western hemlock to Douglas-fir, and that some stands will
be harvested before they reach culmination age.

The treatments proposed in this working plan clearly fit into the land use plan for the
Sayward Forest.  The results of the experiment will help to determine how best to meet
the goals and targets set out in the Vancouver Island Land Use Plan for the Sayward LU
including that for the General Management Zone, the General Biodiversity and
Conservation Management Regime, and the Biodiversity Emphasis Options.  The results
of this experiment should also be applicable to coastal regions and other areas of the
province, especially areas that are at the urban interface and are visually sensitive.  Other
areas where these treatments could be used are those areas with high recreation use,
critical wildlife habitats, or unstable terrain; community watersheds; or where
maintaining a high degree of stand level biodiversity is desirable.

2.2 Description of Treatment Units

The first replication was established in the Snowden Demonstration Forest (see Appendix
1.1).  The selected area is about 120 ha.  Ecosystem mapping was done and 6 site series
were identified (Appendix 1.2).  The most commonly occurring site series was 01 (fd-
salal) and 05 (cedar-swordfern).  Treatment units were assigned by using the ecosystem
map.  The area was divided into seven roughly equal blocks of about 20 ha, so that each
block had 01 and some 05 site series.  The areas were subsequently numbered 1 to 7.  The
seven treatments were written on slips of paper and randomly drawn for each treatment
unit.  Once treatments were assigned, the boundaries of the treatment units were then
expanded or contracted to approximate the minimum acceptable area per treatment.

Once the approximate locations of treatment boundaries were located on the map, the
CRFD staff began field establishment of the boundaries.  Boundaries were modified
based on harvest terrain, road location, and site series, and block size needed for each
treatment.  Boundaries were then surveyed and falling corners blazed, numbered, and
mapped (see Appendix 2 for maps by block).  These were used as reference points for
subsequent plot layout.
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Table 1: Area summary by treatment unit (block)

Treatment
Unit

Block
Boundary

External
Reserves

Total
Deferred

Area

Gross
Block
Size

Permanent
Access

Internal
Reserves

NAR TAUP1

Block 1 a 6.4 0.0 2.0 8.4 0.4 0.2 7.8 8.4
b 11.5 0.0 1.2 12.7 0.1 3.2 9.4 12.7
c 4.4 0.0 0.0 4.4 0.7 0.2 3.5 4.4

sub total 22.3 0.0 3.2 25.5 1.2 2.6 20.7 25.5
Block 2 18.6 0.0 0.0 18.6 1.2 0.0 0.0 18.6
Block 3 18.2 0.0 0.0 18.2 1.3 0.0 16.9 18.2
Block 4 10.9 0.0 0.0 10.9 0.7 0.3 9.9 10.9
Block 5 35.7 0.0 0.0 35.7 1.2 0.0 3.9 35.7
Block 6 12.0 0.0 0.0 12.0 0.0 0.0 0.0 12.0
Block 7 21.6 0.0 0.0 21.6 1.0 1.9 2.8 21.6
WTP 1 5.8 5.8
WTP 2 12.3 12.3
WTP 3 6.8 6.8
WTP 4 7.0 7.0
WTP 5 7.4 7.4
WTP 6 4.6 4.6
Total 139.3 43.9 3.2 142.5 6.6 4.8 54.2 186.4

Table 2:  Soil Description by Treatment Unit (Block)
Block Site Series Humus

Form
Soil texture Coarse fragment

content (%)
Soil depth (cm)

1a/b 01 / 03 6 cm moder SL / LS 40 50
1c 01 4 cm moder

2 cm Ah
SL over SiL 40 80

05 5 cm moder SiL 40 80
2 01 6 cm moder SL / LS 40-70 70
3 01 5 cm moder

2 cm Ah
SL / LS 35-50 75

05 5-10 cm moder SiL 50 70
4 01/ 05 4 cm moder

1-2 cm Ah
SL 25-40 70

5 01 6-10 cm moder SL 40-55 70
SL 30-50 70

6 01 10 cm moder L-SL 40 70
7 01 5 – 10 cm moder SL 35 –60 60+

                                                
1 Total Area under Prescription (TAUP) does not include additional adjacent area included in the administrative clearance.
Total area under clearance is approximately 297 ha.
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Table 3:  Site series description by treatment unit (Block)
Block Site BEC Site

Series
SMR SNR Site Index

(@50)
1 Variable aspect  (N,W,S), flat to 40% slope.

Well drained, with minor wet inclusions
associated with (NCD’s)

01 (05, 06) 3 C-D Fdc = 32
(24-37)

2 Predominantly north aspect, 0-30% slope. 01 (05, 06) 3-4 C (D) Fdc = 30
3 North to west aspect, 0-35% slope. Lower

slopes dominated by SS 05.
01 / 05 3–5 C –D Fdc = 31

(24-34)
Hw = 29

4 Flat to west aspect,  0-12% slope, 01 (05) 3 (4) C Fdc = 30
(24 – 37)

5 Variable aspect,  0-40% slope, bedrock
outcrops / wet depressions throughout,  area of
generally poorer sites.

01 (03 06) 3-6 (B) C Fdc = 28
(24-32)

6 North aspect,  10-30% slope, generally well
drained with occasional seepage depressions

01 (05) 3-(4) C – D Fdc=31

7 Variable aspect,  0-40% slopes, well drained
with frequent bedrock outcrops,

01 / 05 3–4 C - D Fdc = 33
(31-34)

Table 4:  Stand description by treatment unit (Block)
Block Species

Composition
SPH Volume (m3

/ ha)
Ave diameter
(cm)

Ave height
(m)

Age
(2001)

1 F8C1H1 822 458 27.8 30.1 58
2 (leave) F9C1 (H) 515 350 30.6 30.2
2 (cut) F6H4 531 182 23.0 25.9
3 (cut) F7H3(CD) 832 426 26.7 29.1 53
3 (leave) F10 35 45 40.0 32.9
4 F10(HD) 694 498 31.1 31.5 53
5 F10 967 467 27.5 27.5 58
7 F8H1C1 819 439 28.4 29.0 58

2.3  Resource Assessments
Resource assessments were done as part of the Operational Planning Regulation with
respect to assessments referred to under section 37 of the Operational Planning
Regulation.  All resource assessments are found in the Silviculture Prescription (Eriksen,
2001).  Those particularly relevant to this establishment report are summarized here (see
Appendix 3 for corresponding maps.
Wildlife
During the assessment and engineering phases, CRFD staff and contractors confirmed the
presence of the following mammals: black bear, elk, blacktail deer, beaver and martin.
Evidence of the use of the area by the following species was also observed, but not
confirmed: cougar (skull), pileated woodpecker and Barred owl (feather), goshawk (nest).
Forest Health

a) Root Disease – a root disease survey was conducted in the summer of 2000
(Appendix 3.1).  Phellinus weirii (Murr.)Gilb.,   Armillaria spp.  and Fomes
annosus were detected within the area.  Overall infection level was estimated at
6.1% within a 250 ha survey area.  Phellinus weirii (Murr.)Gilb. being the
primary damaging agent.  An objective of the treatment unit designation was to
include a more or less equal proportion of root disease within each treatment.
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Due to the distribution, and other factors, this was not possible in all cases.
(Appendix 3.1)

b) Hemlock Dwarf Mistletoe –not observed in the treatment area.
c) Mammals - beaver damage to coniferous and deciduous trees adjacent to wetland

#1 was noted during the engineering phase but damage levels are not expected to
change significantly.  Elk and blacktail deer were observed and are known to use
this area.

d) Windthrow is a concern within block 3, where maintenance of approximately 40
stems per hectare is an objective.  Crown pruning will be conducted on
approximately 15-20 trees per hectare by removing 30-50% of the tree's crown in
a spiralling pattern, evenly distributed around the stem.

Visual Impact Assessment
This area is not within a known scenic area and has not been inventoried as visually
sensitive.  For the first pass, none of the development will be visible from either
Snowden or Frog Lake Roads.  Block 4, 5, and 2 will be visible from the BCFS
recreation trail “Lookout Loop”.

Riparian Assessment
All streams and wetlands within and adjacent to the project area were assessed on two
separate occasions by Raven River Ltd. in 2000 (see Appendix 3.2).  Stream
classification and riparian prescriptions are based on these assessments.  No fish
bearing waters were identified within the project area.  Fish were observed in some
waterbodies adjacent and downstream from the classified streams.

Recreation
This area has biological and cultural recreational features typical of the Sayward
Forest.

� Cultural features associated with the railway logging history of the area are present as
railway grades, trestles, pilings, sections of rail, spikes, tools, etc.

� Recreational activities currently pursued in this area include hiking, mountain biking,
and hunting.  The commercial harvest of chantrelle mushrooms appears to be the
highest current use.

� Several trails within and adjacent to the project area have been previously established
via a map notation and public notification (BC Gazette).  They include general
recreation use trails, as well as those constructed for education and interpretative use
in co-operation with School District 72 (see Appendix 3.3).

� This project provides for the construction of new trails for the purpose of public
education and interpretation pertaining to the research project.  These trails will
require formal establishment (map notation and objectives) in accordance with
section 6 of the Forest Practices Code.  Since there are blocks with multiple pass
silvicultural systems, it is paramount that recreation trail objectives currently being
developed concur with the long-term strategy for this area.

Stand Level Biological Diversity
The treatments proposed in combination with the size of the project area do not provide
the option for recruitment of significant (landscape level) areas of old seral or interior
forest conditions over the short term.  Management of structural diversity therefore
focuses on employing a stand level reserve or “lifeboat” approach.  Reserves at the stand
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level consist of aggregate and individual trees representative of the pre-treatment stand
structure (see Appendix 3.4).  Overall retention of existing forest structure over the area
is estimated at 52 hectares or approximately 27% of the gross area as follows:

a) Wildlife tree patches (WTP): 44 hectares or approximately 24% of the project area
has been designated as WTP.  These reserves are generally aggregates designated
for retention for a duration of not less than one rotation.  Designated WTPs
encompass the range of site series in this area, as well as virtually all of the riparian
management areas associated with major streams and wetlands.

b) Wetland and Stream Riparian Reserves (RRZ): Several streams and wetlands within
the area have designated riparian reserves.  In all cases riparian reserve zones have
been incorporated into a WTP.

c) Temporarily Deferred Areas (TDA): 3.2 hectares or 1.5% of the project area has
been designated as TDA.  These areas are to be retained until desired forest
conditions develop in the regenerating stand.

d) Individual tree reserves: these include high value wildlife trees (bear dens, raptor
nest trees, etc.) and old growth veterans.  Additional trees to be reserved include
second growth western redcedar which have been reserved on an individual basis in
several areas.  These trees are reserved primarily for their future wildlife habitat
potential and / or high timber value.  To date, 4 conifer veterans have been
identified.  No high value wildlife trees have been identified.

e). Danger Trees: Trees identified as danger trees along roads and within most Wildlife
Tree Patches may be felled and utilized except within riparian reserve zones, or old
growth veterans.  Utilization of danger trees within riparian reserve zones is not
permitted.  Old growth veterans will be assessed on an individual basis.  Where
applicable, high value wildlife trees may require the establishment of no work
zones.

3 SILVICULTURE PRESCRIPTION
A silviculture Prescription (SP) was written for the area as required under the Operational
Planning Regulations (Eriksen, 2001).  The purpose of the SP is to accurately describe
the area and known forest resources, the management objectives.  Based on the resource
assessments results and recommendations, the SP sets out the long-term operational
planning and short-term constraints and requirements for the project area.  Since this SP
includes blocks with multiple pass silvicultural systems, it is paramount that objectives
currently being developed concur with the long-term strategy for this area.

4 HARVESTING
The original intent of the experiment was to have the area harvested as a log sale in
which the harvesting would be done under contract and the logs sold to the highest
bidder.  This would have allowed us to have the greatest control over how and when the
harvesting is done.  However, because this would have cost the Ministry over $ 1 million
up front, the proposal was rejected.  The alternative was to proceed with a timber sale.
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4.1 Invitation to Tender

Three packages were sent out as “Invitation to Intending Application for a Timber Sale
Licence under the Forest Act, Section 20” with closing dates ranging from May 31 to
June 8, 2001.  The Timber Sale Licences were numbered:

A67228 for Block 3

A66727 for Blocks 1 and 4

A66730 for Blocks 2, 5 and 7

TSL A66730 was awarded to Low Impact Forest Harvesting Ltd., and was underway by
mid-July.

TSLA67228 was originally called A63716  and had been awarded to Elkhorn
Developments Ltd.  The day after the tenders closed Elkhorn decided they had overbid
the timber sale and decided to forfeit their $13,438.04 bid deposit rather than risk losing
more money by harvesting the sale.  The timber sale was then assigned a new number, TS
A67228 and sold via public auction to Ray Boyd Logging Ltd.

TSL A66727 (block 1 and 4) was awarded to Timber Link Logging Ltd.  Unfortunately,
the owner (Ed Peterson) had not negotiated with a buyer for the logs prior to bidding.  As
a result, operations did not commence on schedule.  In September 2001, Mr Peterson
subcontracted to Waycotray Logging Ltd.

4.2 Harvesting

4.2.1 Block 1: Group Retention

Block 1 had a net area of 19.7 ha.  The Gross merchantable volume was 9412 m3.
Harvesting began October 1, 2001 by hand falling and hoe chucking.  Harvesting was not
completed within the term of the original license, despite commitments to complete
operations by November 30, 2001.  As a result, the licence was extended to February 28,
2002.  In mid January, there was decked wood at roadside, and areas still requiring
yarding.  On February 12th, the licensee was advised that site preparation was incomplete
as there were stumps covered by decked wood along roadsides.  A waste assessment
survey indicated that utilization was about 20 m3 per hectare and roadside was more
excessive.  The licensee argued that he could not find a log buyer for this small wood.
He was advised that the wood must be removed or it would be waste scaled.  In the end,
the Small Business Program paid to have the timber piled onto the roads and waste
billing was processed.

Planting of block 1 commenced before primary harvesting and site preparation (de-
stumping) had passed inspection.  The Post Harvest Inspection (PHI) revealed that an
unacceptably high number of stumps had been missed, which was in contravention with
the SP objectives.  A survey was conducted which confirmed this observation.  Due to
the unacceptable risk of Phellinus re-infection, the seedlings were pulled and buried
wasted, then the area was reworked by contract with a Hitachi Ex 200.  During the
rework, even more stumps were discovered under slash piles, further confirming the poor
quality as well as the necessity to rework.  Site preparation was completed by early April
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1, 2002 and the areas re-planted the same week with a combination of the right seedlot,
but two different stock types  (1-0 PSB 615 & 415’s).
4.2.2 Block 2: Extended Rotation with Commercial Thinning

The net area for block 2 is 18.6 ha.  The block contained an average of 532 sph and had a
gross merchantable volume of 3532 m3, based on cruising data.  Trees were marked to
leave prior to harvest by contractor and remarked to ensure the desired residual diameter
distribution.  Thinning began on July 26th with Low Impact Forest Harvesting Ltd. using
mini-towers.  Two Skylead towers were used simultaneously.  Work progressed without
problems.  Normal levels of reserve tree damage along yarding corridors were noted.
Windthrow occurred near Br 70 in late November.
4.2.3 Block 3:  Uniform Dispersed Retention

Block 3 is 18.2 ha and prior to harvest and based on cruising data, contained 832 stems
per ha and a gross merchantable volume of 8088 m3.  Ray Boyd Logging Ltd. began
work July 16th using chain saw falling and hoe chuckers.  All trees had been previously
marked to leave.  Scars on retention trees were noted August 2.  On August 16th, the
licensee was advised that there were too many scarred retention trees on the slope and
that the operator needed to slow down and work more carefully.  Also it appeared that
site degradation could be occurring on short pitches of slopes >30%, although this was
found to be in compliance.  Compliance and Enforcement fined them $175 for scarring to
reserve trees.  All harvesting activities were finished by October 1, 2001.  The target
number of leave trees was 45 and the average was found to be 44.

Trees were marked for spiral pruning (7 trees/ha, 30 to 50% of live crown to be removed
in a spiral fashion over entire live crown) as logging progressed.  Trees were pruned by
late October.  On November 14th, a wind event caused windthrow of 21 trees, only 1 had
been spiral pruned.  Two more wind events November 18 and December 14, caused
additional windthrow.  After the winter wind events the number of stem per hectare
dropped to 33.

During the PHI it was determined that the piling of slash which had taken place was
largely unnecessary.  The licensee was advised that slash loads were acceptable and no
further piling was required.  The licensee completed stumping.  Block 3 was planted in
March 2002.
4.2.4 Block 4:  Clearcut with Reserve

The gross area for Block 4 is 10.9 ha with a 0.3 ha internal reserve.  Estimated stand
density was 694 sph and gross merchantable was 5349 m3.  Hand falling began October
1, 2001 with and was completed by October 15th.  Yarding was done with hoechuckers.
On October 11, the Log Broker shut down the operation for “administrative reasons”.
The dispute was resolved October 24th with the result that a scaler remained on-site to
ensure outgoing loads were to log buyers’ specifications.  This produced “mountains of
wood” decked on the roadside that took many weeks to haul out.  De-stumping began
after October 30, which required a SP amendment.  By November 6, all yarding and de-
stumping had been completed within the block but de-stumping had not been done on the
roadsides because of the large amount of wood remaining.
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A wind event on November 14th caused some windthrow along the west boundary of
Block 4 and Block 7 (GS1 and GS2).  Another wind event on November 20th caused
some blowdown and leanness in the reserve.   There was another wind event December
15th, and the cumulative effect was blowdown to about 35% of the reserve (0.1 ha).

Planting in block 4 commenced before primary harvesting and site preparation (de-
stumping) had passed inspection.  A Post Harvest Inspection (PHI) revealed that a high
number of stumps had been missed, in contravention with the SP objectives.  A
secondary observation was that the distribution of stumps and slash was inconsistent with
other treatment areas, which potentially compromised CWD research objectives.  A
follow up stumping survey was completed which confirmed the observation.   Due to the
unacceptable risk of Phellinus re-infection, and the CWD research objectives, the
decision was made to rework the areas.  The planted seedlings were pulled and buried,
and the Small Business Program hired a contractor to rework the area.  During the
rework, stumps were discovered under slash piles, further confirming the poor quality.
Site preparation was completed by April 1, 2002 and the re-stumped areas were
immediately re-planted the same week with the same seedlot and stock type (PSB 1-
415d).
4.2.5 Block 5: Patch Cuts

Patch sizes were 0.8, 1.4 and 1.7 ha.  The average stand density in block 5 was 967 sph
and the total gross merchantable volume was 1898 m3 distributed over 3 patch cuts
totalling 3.9 ha.  Low Impact Forest Harvesting Ltd. was the licensee and work began
July 16th.  Hand falling was used along with a combination of hoechucking and cable
yarding.  Work progressed uneventfully except that the yarding corridor for PC 1 was cut
to 6 or 7 m wide rather than the prescribed 4 m.   

In PC 1, all stumps were pulled, including old growth, redcedar and deciduous.  As well,
the slash piling and utilization of small diameter wood was unsatisfactory.  The stumping
survey in PC1 and PC3 confirmed that an unacceptable number of stumps were missed.
The areas were re-worked by Small Business contract as well.

PC 1, 2, and 3 were planted immediately after the re-works.
4.2.6 Block 6:  Extended Rotation(Uncut Control)

Everything went as planned.
4.2.7 Block 7:  Group Selection

Group selection sizes were as follows (GS 1-11 respectively): 0.29, 0.14, 0.19, 0.52, 0.06,
0.22, 0.30, 0.41, 0.06, 0.45 and 0.13.  The gross harvest area was 2.8 ha, and based on
cruising data the pre-treatment density was 819 sph, and gross merchantable volume
1336m3.  The licensee was Low Impact Harvesting Ltd.  Since Low Impact did not own
the specified equipment to log block 7, they sub- contracted to Neil Blackburn.
Blackburn began harvesting July 5 using his small hoe/farm tractor forwarder.  Mr
Blackburn completed Groups 1 to 8 by mid-August.  Citing personal and financial
reasons, Low Impact Forest Harvesting Ltd attempted to have his stumpage bills reduced
but was denied.  His endeavours did have the effect of delaying completion of harvesting
activities and also resulted in Low Impact cancelling the subcontract with Neil
Blackburn.  Group Selection blocks GS9 and GS 11 were completed by another
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subcontractor, Artam Logging Ltd. who used a skidder swing system to extract the
timber.

GS 4, 3, and 8 had root disease pockets requiring stumping.  The work was initially
performed by Low Impact but the PHI and stumping survey revealed 100 and 150 missed
stumps per ha in GS 4 and 8 respectively.  GS 3 was the only area out of any areas to be
treated that was done satisfactorily.  GS4 and 8 were reworked by contract under Small
Business supervision.

Planting occurred immediately following the rework of the site prepared areas.

4.3 Planting

Harvested areas were planted to 1200 sph using stock 2001DCR0007/ 60580 Fdc PSB
415D+1.  The stock was lifted on Jan 2, 2002, frozen, thawed on Feb. 22, and issued to
the contractor Feb. 25.  Blocks 1, 3 and 4 were planted (March 5-8, 11-12, and 14
respectively) but then freezing weather prohibited further planting.  The stock was left on
site for 3.5 weeks before finishing planting in blocks 5 (April 4),7 (April 2/3) and
restumped portions of block 4 (April 2) and 1c (April 7/8).

Blocks 1a and b were planted with stock 2001DCR0008/ 60580 Fdc PSB 615A 1+0.
This stock was lifted at the nursery on Dec, 7, 200, frozen, thawed on April 2, and issued
to the contractor on April 5.  All areas were planted by April 8.

5 RESEARCH ACTIVITIES
5.1 Growth and Yield Plot Design and Sampling Scheme
The overall sampling scheme consists of periodically remeasured fixed-area tagged tree
plots.  These are located on a permanently monumented systematic grid within each
treatment unit.  Spacing, number and arrangement of plots depends on size of area and
expected post-treatment stand heterogeneity.  Any wildlife reserve patches, riparian
strips, major road right-of-ways, and inclusions of site or stand conditions that were
markedly different from those on other units were excluded from the sample.  Plot
locations were established after major roads had been located to minimise subsequent
loss of plots.

Sample size was based on the expected post-treatment condition, not pre-treatment
condition.  The objective is to achieve approximately equal precision in estimates of
means in all treatments, combined with precision as high as can be obtained at acceptable
cost.  The following number of permanent growth and yield plots were established:

Block 1 – Aggregated Retention:  26
Block 2 – Extended Rotation with Commercial Thinning:  16
Block 3 – Uniform Dispersed Retention:  21
Block 4 – Clearcut with Reserve: 15
Block 5 – Patch Cut: 27
Block 6 – Extended Rotation (Uncut Control): 17
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Block 7 – Group Selection: 20

The plots were designed as multiple circular concentric fixed area plots.  This was done
to avoid the problem of having two or more cohorts of very different numbers and
diameters that would occur in several of the treatments.  A single fixed area plot would
cause us to either measure and tag extremely large numbers of small trees in order to get
an adequate sample of large trees, or to sample an acceptable number of small trees but
sample an inadequate number of large trees.  The choice of a basic 0.1 ha plot is based on
the expectation that we will wish to be able to classify plot estimates by strata (patch vs
intervening area) in the patch and group selection treatments, which will require
relatively small plots.

The following circular concentric fixed area plots were used:

Plot size (ha) Plot radius (m) Expansion Factor Dbh of Trees Measured
0.01 5.7 100 > 4.0 cm + ingrowth
0.05 12.6 20 > 15.0 cm + ongrowth
0.10 17.8 10 > 25.0 cm + ongrowth

This procedure will maintain flexibility in methods of later analysis.  However, note that
as regeneration develops and numerous small and medium-sized trees appear, failure to
pick up “ongrowth” trees will become a fruitful source of errors.  These must be
identified, tagged, measured, and properly coded at the measurement at which they first
pass the applicable diameter limit.  This merits a brief discussion on how to deal with
ongrowth, as discussed by Curtis et al. (1997).

If ongrowth trees are included in volume and growth computations for a given period, we
introduce inconsistencies between successive values, since they are based on different
samples.  The effect may be negligible when averaged over a unit, or it may not be.  We
should preserve the option of calculating growth either as (1) differences between
successive plot estimates including ongrowth, or (2) differences between successive plot
estimates based on trees present at the start of the growth period only.  The latter
procedure is that recommended by Dilworth and Bell (1972, p.47).  For option (1)
expansion factors used would be based on dbh at the current measurement.  Thus, as a
tree moves across the dividing dbh from one subplot to another, its expansion factor
would change accordingly.  However, for option (2) where growth is calculated based on
only those trees present at measurement 1, as Y2-Y2, then we should: (a) exclude trees
coded as “ongrowth” at measurement 2, and (b) use an expansion factor based on dbh at
measurement 1.

5.2 Plot Establishment
Plot establishment was done under contract with R.White Woods Ltd., specifically by
Jim Peltari and crew.  Plot establishment was initiated by producing a series of 1:5000
maps for each of the seven treatment blocks.  These maps show the overall shape of the
blocks and the falling corners.  A transparent grid was overlain on each map to determine
the best bearing to establish a “strip line” system.  This system was chosen to achieve the
number of plots required to be established given the constraints of land area and
requirements for set backs from roads and forest edges.
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For five of the seven blocks the distance between parallel strip lines was 65 m.  For Block
4, 60 m intervals were required to achieve the required number of plots and for Block 6,
strip lines were established at 70 m intervals.  Whenever possible a falling corner was
used as a starting point for the traverse.  If no falling corner was suitable (to achieve the
required number of plots) then a distance and bearing to a falling corner was noted.

Strip lines were surveyed using a Brunton Pocket Transit mounted on a tripod and an
Impulse 200 Laser to determine horizontal distance.  Potential plots centres were marked
with flagging tape indicating the temporary plot letter code.  Survey strip lines started
from a boundary or road.  Minimum distance to plots from roads or boundaries was set at
48 m from East, South and West and 38 m from the North.  If the required number of
plots were not achievable then setback distances were lessened to 43m and 38 m
accordingly.  Once a strip line was started, this line at the same bearing and distance
between plots was extended to the opposite end of the block.  Along the route distance
checks were conducted to ensure that plots met the required setbacks.  Suitable plots were
marked and plots not meeting setback requirements were noted with an “X” on the map.
Distances between strips within a Block are constant and distances between plots within a
strip line are mostly the same as distances between strip lines.  Where land area didn’t
permit the inter-plot distance was reduced to 60 m but the bearing remained constant.

Once all of the possible plots on the first strip line within a Block were established the
transit was turned exactly 90 degrees from a known plot centre and the appropriate
horizontal distance to the adjacent strip was surveyed.  This second strip was then
established using the same distance and bearing and set back protocols as used in the first
strip.  This method continued until all of the grid point s and possible plots were noted on
the ground and on the map.  Usually 1-2 spare plots were chosen per Block.  Research
Branch staff were provided with the Block survey map as they were completed and then
determined which plots were acceptable with a site visit.  Plot maps for each block are
found in Appendix 5.

Permanent plot centres in all 142 plots within the seven Blocks were monumented with a
1 m piece of ½ inch rebar driven 90 cm into the ground and then a 1 m piece of PVC
driven over the rebar.  The 10 cm of PVC and rebar that remained visible above ground
was spray painted with “hi viz” fluorescent paint and white flagging was marked
indicating the block and plot number ( i.e. 501 = block 5, plot 1) and tied securely around
the PVC.  Additionally, a 1 metre white ribbon also denoting block and plot was tied at
approximately 2 m height above and as close to the centre pin as possible.  Blue and pink
striped ribbon was tied to adjacent shrubs at cardinal directions near plot centres.  Also,
the strip lines were flagged with white to facilitate subsequent plot relocation.  It was
expected that much of this flagging would be destroyed during logging and in order to
ensure relocation of plot centres, three reference trees per plot were marked.  Reference
trees were labelled with a metal tag facing plot centre and distance and bearing to plot
centre was marked on the 15 cm x 8 cm label which was nailed to each tree below the 30
cm height.  The area surrounding each label was painted with orange spray paint and two
smaller orange dots were painted on the opposite side of the tree to further aid in post
harvest re-location.
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5.3 Pre-treatment Plot Measurement
5.3.1 Tree Measurements

Pre-treatment plot measurements were done under contract with R.White Woods Ltd.,
specifically by Jim Peltari and crew in February/March 2001.

For all blocks except the clearcut and control (Block 4 and 6), only the central 0.01 ha
plot was measured pre-treatment.  In the clearcut, the full 0.1 ha plot was measured and
in the control, no measurements were made.

All trees (live or dead) greater than 4.0 cm at breast height in all 5.70 m radius circular
plots in all blocks except the control (Block 6) were tagged sequentially commencing
from North.  Plot tags were of the temporary, plastic type and were stapled at 1.3 m from
the point of germination on the high side and always facing the plot centre.  All trees
greater than 4.0 cm had DBH measured directly above the tag with a steal diameter tape,
recorded in millimetres.  Species, crown class, tree class, and damage and disease were
also recorded.  Dead trees were recorded as having dead or broken tops and if a dead tree
had a broken top, then an estimated height was recorded.

Heights were measured on a subsample of trees.  For species of Douglas-fir, western
hemlock and western red cedar, one tree was randomly selected from each of the 3
diameter classes (4 to 15 cm, 15 to 25 cm, and over 25 cm).  For other species such as red
alder, yew, Sitka spruce etc., one tree was randomly selected across all diameter classes.
In addition, the height of the largest diameter tree was measured.  All tree heights were
measured to the closest decimetre using a Vertex hypsometer.

Data was also collected for all stumps in the six blocks and a metal tag pushed into the
stump with an 8 cm nail with the tag facing plot centre.  These stump tags were also
sequential and commencing from north.  Stump measurements including height high side,
species, top inside bark diameter and bottom (30 cm) inside bark diameter were measured
with a steel diameter tape and recorded in millimetres.  If the stump top was uneven then
the top was visually “folded down” and top measurement taken at this point.  Percent
cover shrub data was also collected for each plot in the six blocks with up to four shrubs
per plot being recorded.  If a particular shrub was present but percent cover was less than
10 % then the code “TR” was recorded to indicate “Trace”.

All data was recorded electronically on Juniper Systems Allegro Field PC using
EASYDC software licensed to the Research Branch of the Ministry of Forests.  An
application was developed using EASYDC and this application became the property of
the Research Branch under the terms of the consulting services contract.

In Block 4, the clearcut, additional full Vegetation Resources Inventory (VRI) data was
collected using Allegros and EASYDC electronic application versions of Field Cards 8
and 9.  Data was collected for each of the 5.70 m, 12.60 m and 17.80 m circular plots to
full VRI standards.  Data for each of the plots was collected separately so it is known into
which plot radius the individual tree data occurs.  All three radius plots had the first tree
recorded from the north position and proceeded clockwise around the entire circle.  Care
was taken to ensure which plot radius a borderline tree belonged to.
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Four photos per plot were taken for all plots in all blocks. All photos were taken from
plot centre facing to each of the four cardinal directions. Each photo has an identification
card with plot number and direction in the photo.  The location of the identification card
does not indicate the cardinal direction rather the centre of the photo.

5.3.2 Coarse Woody Debris Measurements

Definition for coarse woody debris are based on those from Vegetation Resource
Inventory as follows:

� CWD is primarily dead woody material located above the soil, in various stages of
decomposition; larger than 7.5 cm in diameter (or equivalent cross section) at the
sample transect crossing point; and not self-supporting.

� CWD is fallen trees with green foliage if they are no longer rooted in the ground;
large fallen branches and fallen broken tree tops, horizontal or leaning; and recently
cut logs, including felled and bucked logs or log decks.

� CWD also includes uprooted (not self-supporting) stumps greater than 7.5 cm
diameter at the crossing point and less than 1.3 metres in length; and any exposed
dead roots greater than 7.5 cm at the crossing point.  Stumps greater than 1.3 metres
in length are also CWD but considered to be "short logs" (the 1.3 m figure is related
to the height definition for intact stumps).

� CWD is not trees and stumps (intact in ground), which are considered self-
supporting; live or dead trees (still rooted) which are self-supporting; dead branches
still connected to standing trees; exposed roots of self supporting trees; self-
supporting stumps or their exposed roots

CWD measurements are taken on all pieces of CWD greater than 7.5 cm where the
centreline is crossed by the vertically projected transect are tallied and measured.  Fallen
or suspended (not self-supporting) dead tree boles, with or without roots attached, that
intercept the vertically-projected sample line (whether the transect passes above or below
the CWD) are the most abundant CWD.  CWD may be suspended on nearby live or dead
trees, other CWD, stumps, or other terrain features.  Visually estimate unmeasureable
suspended CWD at the intercept point.

Pre-treatment coarse woody debris (CWD) was measured on contract as part of a study
by Vancouver Forest Region Research Section staff.  Three treatment blocks were be
sampled for CWD:
1) clearcut (15 plots)
2) patch (25 plots)
3) extended with commercial thinning (15 plots)

Line intersect sampling (LIS) was used to measure the coarse woody debris (CWD)
(Marshall et al. 2000; Vegetation Resources Inventory Manual 2000).  A 75m line
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transect in the shape of a spoke (3 – 25 m lines) was established at the center of each
growth and yield permanent sample plot.  The direction of the first 25 m transect was
randomly chosen.  The other two 25 m transects were established at 120o from each
other.  All were slope corrected in the field to 25 m.  Compass declination was be
provided by MOF (degrees).

All CWD pieces crossed by the line transect with a top diameter �10cm was measured.
For each round or semi-round piece encountered, the following data was recorded:

1. Treatment Unit:
2. Plot #:
3. Transect #: a, b or c
4. Direction: Direction of transect (in degrees)
5. Slope: Slope of transect (in percent)
6. Transect Length: Length of transect (25 m, slope corrected)
7. Piece Number: Piece number from beginning of transect
8. Piece Code: Branch, Log, Fallen tree (with recognizable roots attached)
9. Species: G&Y species codes
10. Angle: Vertical angle of piece (in degrees)
11. Orientation: Horizontal angle of piece (in degrees)
12. Shape: L = Loaf, S = Slab, R = Round, O = Oval
13. Segmented: number of piece segments  (i.e. S1, S2, S3, etc.)
14. Reconstructed: Is the piece reconstructed? (yes/no)
15. Transect IBW: Transect inside bark width (in centimeters)
16. Transect IBH: Transect inside bark height (in centimeters)
17. Transect Bark: Transect bark thickness (in centimeters)
18. Bark Condition: L = Loose, F = Firm, N = None
19. Length One: Piece length left of transect (in meters)
20. Length Two: Piece length right of transect (in meters)
21. IB Diameter 5 m up log from the butt which is >100 cm in diameter
22. Butt IBW: Butt inside bark width (in centimeters)
23. Butt IBH: Butt inside bark height (in centimeters)
24. Butt Bark: Butt bark thickness (in centimeters)
25. Butt Cut: N = New, O = Old, L = Natural
26. Top IBW: Top inside bark width (in centimeters)
27. Top IBH: Top inside bark height (in centimeters)
28. Top Bark: Top bark thickness (in centimeters)
29. Top Cut: N = New, O = Old, L = Natural
30. Ecological Code: 1 = Live or recently dead/bark and twigs <3cm intact, 2 =

Dead/bark loose and no twigs <3cm intact, 3 = Rotting but still round/little bark
and few branches intact, 4 = Advanced decay/shape collapsing and no bark or
branches intact,  5 = Final decay stage before becoming soil/oval, (see figures
attached)

31. Dominant Grade e.g., X, Y, Z…. (optional)
32. Rot: S = Sap, H = Heart, N = None
33. Heart Rot/Hole dimensions: height (cm); width (cm); estimated length if known
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34. Bark Code: 1 = 100% present, 2 = 100-75% present, 3 = 75-50% present, 4 = 50-
25% present, 5 = <25% present

35. Charcoal: Charcoal on piece? (yes/no)
36. Comments:

Width and height were recorded for pieces with non-round diameters (all pieces with a
decay code of 3,4, or 5).  Broken pieces <0.5m apart were measured as one piece if they
were positioned in the same direction.  They were coded as reconstructed.  Logs which
had roots attached were classified as a fallen tree.  For branching pieces length was
recorded as per Marshall et al. (2000).  Further detail is provided in the attachment.

Odd shaped pieces e.g., slabs, piles were measured as per Marshall et a. (2000).  Specific
data recorded included:

37. Treatment Unit:
38. Plot #:
39. Transect #: a, b or c
40. Direction: Direction of transect (in degrees)
41. Slope: Slope of transect (in percent)
42. Transect Length: Length of transect (slope corrected) (in meters), i.e., 25m
43. Piece Number: Piece number from beginning of transect
44. Piece Code: P(Pile), S (Slab) etc
45. Species: use G&Y species codes
46. No. of Pieces: number of pieces
47. Reconstructed: Is the piece reconstructed? (yes/no)
48. Width of Rectangle: Width along transect (in centimeters)
49. Height of Rectangle: Estimated height corresponding to transect width (in

centimeters)
50. Ecological Code: 1 = Live or recently dead/bark and twigs <3cm intact, 2 =

Dead/bark loose and no twigs <3cm intact, 3 = Rotting but still round/little bark
and few branches intact, 4 = Advanced decay/shape collapsing and no bark or
branches intact,  5 = Final decay stage before becoming soil/oval, (see figures
attached)

51. Dominant Grade e.g., X, Y, Z…. (optional)
52. Comments:

5.4  Post-Treatment Plot Re-establishment
In harvested blocks, plots were located by using compass and measuring tape to find the
re-bar marking plot centres.  If the rebar was no longer there, then we looked for the
stumps of the bearing trees to give the exact distance and bearing from 3 points.  If the
stumps had been removed or displaced, then the plot centre was re-established by
surveying.  Block 4 in the stumped areas needed the most plot reestablishment.

5.5 Post-Treatment Tree Measurement and Assessments
Post-treatment plot measurements were conducted by Research Branch staff throughout
the fall and winter of 2001/2 as harvesting treatments were completed in each block.  Plot
centers were marked with metal tags indicating the block and plot number.  From the
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centre point, a compass and measuring tape was used to establish the location of the three
concentric plots in the cardinal directions and distances of 5.7 m, 12.6 m and 17.8 m.
These points were flagged using metal pins with brightly colored flags.  The horizontal
distances to these pins were then verified with a laser.  The centers of the vegetation/
regeneration sub-plots (located at the cardinal directions of the 17.8 m diameter plot)
were marked with white pvc hammered into the ground and labelled with metal tags.
Sub-plot numbering was sequential in a clockwise direction starting from the north.  The
circumference of the outer plot (between the sub-plot markers) was then measured using
a laser and flagged with tape.  Trees bordering the plot were marked with a white dot if
they were in.

Trees were then tagged and measured by sectors, which were determined by dividing the
plot into 4 along the cardinal directions.  Sector 1 was always in the northeast and
numbering was sequential in a clockwise direction.  All trees 4 cm or larger were tagged
and measured in the 5.7 m plot, trees greater than15 cm in the 12.6 m plot, and trees
greater than 25 cm in the 17.8 m plot.  Trees were tagged at breast height, facing plot
centre.  Small, thin-barked trees had tags attached with barlocks and staples.  Dead trees
and large, live trees with sufficiently thick bark and snags, were tagged with aluminum
nails.  Dead trees less than 25 cm or less than 2.5 m in height were ignored.  Tree tag
numbers started from 1 for each plot.

Trees were measured for dbh and assessed by codes for crown class, tree class, damage,
etc.  Tree damage by scarring was further assessed using FERIC codes that measured:
type of stem damage (surface scuffed or bruised, phloem exposed, wood gouged); cause
of stem damage (skidding, falling, windfall, falling tree); extent of damage (length and
width), and location of damage (height from ground, circumference of tree at damage and
location in thirds of the tree).  Dead trees greater than 25 cm were assessed for height to
break, condition, etc.

After treatment, the position of the plots with respect to canopy openings was specified as
‘in opening’, ‘not in opening’, or ‘overlapping opening’.  If the plot as a whole was
classified as in opening or not in opening, the same classification was assigned to each
quadrant.  If the plot was classed as overlapping, then each quadrant within the plot was
also be classed as in opening, not in opening, or overlapping.  Classification was based
on vertical projection of crowns of surrounding trees.

All data was recorded electronically on Paravant Field PC’s using EASYDC software
licensed to the Research Branch of the Ministry of Forests.

Tree heights were measured after plots had been re-established.  Heights were measured
under contract by R.White Woods Ltd. in February/March 2002.  The site tree, defined as
the largest Douglas-fir tree in a 0.01 ha plot, was measured for height if suitable.
Suitability was met if the tree was a dominant or co-dominant, not a wolf or veteran or
open-grown tree, with a straight stem free of disease, damage or breakage, free of
supression above breast height, not repressed and vigorous and with a full crown.  If a
suitable site tree could not be found on the inner 5.7 m radius plot, then the 12.6 m radius
plot was subdived into 5 sectors and a suitable tree was chosen within the newly defined
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0.01 ha plot in the northeast sector.  If this was still unsuccessful, the sectors were
sequentially scanned the sectors until a suitable tree was found..

All Douglas-fir trees larger than 25 cm were measured for height and height to base of
live crown.  Where crown base was uneven, an average was used.  Height and height to
live crown of species other than Douglas-fir were sub-sampled.  For western hemlock and
western redcedar, one tree was randomly selected for each of the 3 diameter classes (4 to
15 cm, 15.1 to 25cm, and over 25 cm).  For other species (such as red alder, bigleaf
maple, Sitka spruce, yew etc.) one tree was randomly selected across all diameter classes.

5.6 Tree Regeneration and Vegetation Assessments

Plots for regeneration and vegetation assessments were 3.99m radius (0.005 h) located on
each cardinal point 17.8m from the permanent plot centre (main plot is 0.10 ha).
Regeneration and vegetation assessments were done in October, 2002.  All plots that had
any harvesting activity were assessed (all of blocks 1, 2, 3 and 4, and some from block 5
and 7).  The procedures were as follows:

Tree Regeneration
� Tag all planted conifers, and also naturals (broadleaf or conifer) if tallest or second

tallest in plot.
� General criteria for morphological measurements:

If <1.3m then measure height and root collar diameter
If =>1.3m then measure DBH (@ 1.3 m, and root collar diameter2, until all
seedlings have reached DBH size.

� Individual measurements
Tallest acceptable seedling2: record above dimensions, species and whether
planted or natural (code), in the 0.005ha plot,
Second tallest acceptable seedling: record above dimensions, species and whether
planted or natural in the 0.005ha plot,
All other planted seedlings of any size: record above dimensions and species.

� Stem Counts of Naturals
By species,
For naturals >50cm all stems counted, for naturals <50cm groupings were used3:
A=1, B= 2-5, C= 6-9, D=10+.

Vegetation Assessment
% Overall cover
% Cover and modal height of each species having >=1% cover5

                                                
2 An acceptable seedling is one that is free from deformity or injury likely to prevent development into a
merchantable tree.
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5.7 Post –Treatment Coarse Woody Debris

Post-treatment sampling of CWD was done in February 2003.  The same plots were
revisited and transects re-sampled.  In addition to the data collected as described for the
pre-treatment CWD, the sampling was further complicated by piles of machine-piled
debris and exposed root wads in stumped areas.

In stumped areas, Marshall and Davis (2002) recommended separating the root wad and
the tree bole:  "In the case of a windfall with attached roots, consider the bole and root
wad as two measurement groups.  This will improve sampling efficiency and accuracy by
removing uncertainty about how to tackle a complex situation.  In this document, only
bole measurements are considered.  Root wads may be sampled using either LIS or some
other technique, with appropriate measurements taken on each sampled root wad to
estimate the attributes of interest (e.g., volume/ha, biomass/ha).

The suggested definitions are as follows:
Root wad = the volume of wood below the point of germination (POG) or high side,
whichever is higher
CWD or bole wood = the portion of the tree bole between POG or high side (whichever
is higher) and the small end of the piece

If the transect line crosses the centre axis of the tree bole, then record length from either
the high side or POG (whichever is higher) to the minimum small-end diameter (transect
line A, Figure 8).  If the transect line crosses only the centre axis of the root wad, then no
measurement is recorded unless the root wad is being sampled (transect line B, Figure 8).
If both the root wad and bole are crossed by the transect, then each is recorded as a
separate entity.  If a piece is partially broken at the butt and some roots are still attached,
none of the root wad should be used to 'fill in' the missing part of the bole.

The rationale is that for ease of sampling, tree boles and root wads are defined as separate
groups.  Due to their different shapes, different measurements and possibly different
sampling strategies are required."

While Marshall and Davis recommend separating the tree bole from the root wad, they do
not give details for sampling root wads.  This would be a complicated, laborious and
time-consuming procedure if one wished to estimate the volume of material in an
exposed root wad.  As branchwood on standing trees is not described or measured, the
detailed measurement of root material serves no useful purpose within the context of this
study.

For ease of application, combining the VRI approach with the recommendations of
Marshall and Davis would mean:

1) fresh blowdown is sampled if the downed trees are no longer rooted and therefore are
assumed to be either dying or dead.  Some foliage will be retained for various lengths
of time, depending on the species (e.g. especially true firs).  This may give the
appearance that the downed tree is still alive.
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2) large exposed roots of overturned stumps should be sampled as CWD, if large enough
in diameter at the transect crossing.  The length should be taken to the POG, the
division point between the bole wood and the root wad.

3) if significant piles of overturned, uprooted stumps exist, they should be sampled using
a separate procedure (not the line intersect sampling) to estimate the dimensions of
the stumps - bole wood only, above the POG.

Subsequent periodic sampling of CWD will be done at the time of plot remeasurement to
determine state of decay and recruitment if there is sufficient funding.  Future wildlife
studies can be done to determine habitat suitability over time, as a separate study.

5.8 Soil Disturbance
Soil disturbance surveys were conducted as described in the “Survey methods for soil
disturbance and forest floor displacement“ and “Transect method for areas 10 hectares
and smaller” sections (pages 29-37) of the Forest Practices Code of B.C., Soil
Conservation Surveys Guidebook, January 1997.  14 strata were identified on the basis of
harvesting treatment, site series and site preparation (see Table 9 in Results section).

The starting and ending location of each transect line used in the survey of each stratum
were field marked at each end as either “start” or “end”, transect distinguishing
identification number or letter, and bearing in azimuth.  For each stratum surveyed, soil
disturbance summary information was recorded as listed in field card FS 889 HSP 96/10.

The Contractor recorded approximate location of strata and transect lines (field
information developed in sub-sections 4 and 5 above) by sketching a site map on back of
field card FS 889 HSP 96/10.  Site map included approximate location of north arrow,
strata unit boundary in relation to identifying feature (e.g. road or major stream),
prevailing yarding direction, baseline location (if used) and starting and ending point of
each numbered transect line.

Soil disturbance and forest floor displacement categories were recorded on Transect
Survey Field Card FS 885 HSP 96/8.  Soil disturbance survey summary information was
calculated on field card Small Area Survey Calculation Card FS 897 HSP 96/9.
Photographs were taken of representative examples of soil disturbance categories found
in each stratum.

For each stratification unit surveyed, the Contractor gave a brief description of the site,
survey results, identified the most common soil disturbance categories observed and his
impression of the regeneration potential for the sites compared to the adjacent area.

All survey site write-ups, site map(s), transect survey field cards and photographs
(identifying the associated soil disturbance category) were submitted.  The work was
initiated and completed in January and February, 2003.

FERIC (Evans, et al., 2003), summarized the data.
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5.9 Tree Harvesting Damage
Tree damage data was collected for each tree with visible damage.  Measurements
included: tree number, species, dbh, type of stem damage (surface bruised, phloem
exposed, wood gouged < 1 cm deep, wood gouged > 1 cm deep, tree stem damaged at the
ground), cause of stem damage (yarding, falling, windthrow), width of damage,
circumference of the tree at the damage, percent of the stem damaged, length of damage,
lowest point above ground (cm), location of damage (thirds) and damage to root system.
The data was summarized by FERIC and is included in the cost and productivity report.

5.10 Windthrow Surveys

For those plots which were partially cut (23 plots in blocks 1, 21 in block 3, 5 in block 5
and 9 in block 7) a 100% tree tally was conducted to verify the tree status. For those plots
that were not partially cut, an ocular sweep of the entire plot was done to find trees that
had been windthrown, broken or leaning. The following information was collected:

� the classical topex for each plot - the sum of the +ve angle to skyline in 8 cardinal
directions

� tree tag number
� status of tree (SL=STANDING LIVE; SD=STANDING DEAD (SNAGS,

INCLUDES THOSE WITH BROKEN TOPS); SB=STANDING BROKEN (NEW
WIND DAMAGED); UR=UPROOTED (NEW WIND DAMAGED);
LL=LEANING LIVE (NEW WIND DAMAGED); LD=LEANING DEAD)

� height and height to base of live crown if these measurements were not previously
measured (i.e. all Fd trees greater than 25 cm have been measured).

� bearing in direction of fall for UR trees and direction of lean and break for LL trees
� height to break if broken for standing broken only
� angle of lean if not downed and if leaning greater than 5 degrees because of wind or

contract with windthrown tree
� if the tree was windthrown or knocked over by another falling tree (look for

arrangement and scarring) and tree number of tree that knocked it over
� average root depth of one representative tree from point of germination to bottom of

root plate and any evidence of root decay.

Along block edges, especially blocks 1, 3, 4, 5 and 7, any windthrow along uncut edges
were measured as follows:
� Location of affected edge, relative to blazed falling corners
� Length of edge that has been affected (windthrown)
� Depth of windthrow from the harvested boundary into the uncut forest (distances

from the boundary edge to closest standing trees outside the windthrown edge from
points taken every 10 or 20 m along the edge, relative to blazed corners).  The mean
depth of damage was calculated for each section of windthrown boundary.

� Estimated direction of fall
� Estimated number of windthrown trees greater than 25 cm
� Estimated number of windthrown trees less than 25 cm
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Downed trees were marked using spray paint.  A map was created showing overall
location of windthrown areas and boundaries and direction of fall.
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6 Results
Summaries of collected data done by March 31, 2003 are included in the following
tables.  Summarizing more recently acquired data and overall data analysis will continue
and be included in further drafts of this extension report.

Figure 1: Aerial view of the STEMS 1 installation in the Snowden Demonstration Forest.
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6.1 Stand Structure

Table 6: Stand Characteristics Pre- and Post-treatment by Treatment Block

6.2 Regeneration

Table 7:  First Year Regeneration Density and Survival Rate (Target 1200 sph)

Blocks
1 2 3 4 5 6 7

Stems/Ha Pre 1208 1325 1210 747 763 607 725
Post 247 636 51 0 575 607 578
% change 80 52 96 100 25 0 20

Total Volume Pre 571 712 581 587 452 610 499
Post 96 388 57 0 372 610 405
% change 83 46 90 100 18 0 19

Merchantable Pre 521 651 530 551 418 580 465
Volume Post 86 359 54 0 345 580 381

% change 83 45 90 100 17 0 18
Basal Pre 55 69 55 53 44 53 48
Area Post 10 37 6 0 36 53 41

% change 82 46 89 100 18 0 15
Relative Pre 11 14 11 9 8 9 9
Density Post 4 7 1 0 7 9 8

Block # Live 
Seedlings 

(sph)

# Dead 
Seedlings 

(sph)

% Survival Total # Plots Total # 
Regenerated 

Plots

% Total Plots 
Regenerated

1 831 58 93 104 91 88
3 1129 24 98 84 84 100
4 1043 87 92 60 60 100
5 1013 3 100 92 16 17
7 870 20 98 80 14 18
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6.3 Vegetation Assessments

Table 8:  Cover and modal height of vegetation on harvested plots
Block Vegetation N

Category Mean Stderr Mean Stderr
1 ALL 95 30 3.96 29 5.77
1 TREES 2 5 2500
1 SHRUBS 96 4 0.78 21 1.13
1 HERBS 96 1 0.28 15 0.99
1 GRASSES 95 0 0.04 18 1.37
1 FERNS 106 1 0.12 45 1.73
1 MOSSES 95 28 3.80 2 0.11
2 ALL 64 144 6.09 311 11.50
2 TREES 63 47 2.70 2500 0.00
2 SHRUBS 65 13 1.63 37 2.02
2 HERBS 64 3 0.77 26 1.30
2 GRASSES 64 5 5.44 27 9.10
2 FERNS 64 3 0.61 64 2.30
2 MOSSES 64 73 3.01 3 0.95
3 ALL 84 37 2.89 23 0.75
3 SHRUBS 89 6 0.84 21 0.97
3 HERBS 87 1 0.22 18 1.16
3 GRASSES 84 2 1.53 26 3.97
3 FERNS 85 3 0.41 48 1.59
3 MOSSES 84 29 2.49 4 1.56
4 ALL 60 21 2.40 25 0.96
4 SHRUBS 60 2 0.22 22 1.83
4 HERBS 60 3 0.61 19 1.02
4 GRASSES 60 1 0.22 27 4.08
4 FERNS 60 3 0.56 51 2.08
4 MOSSES 60 2 0.57 2 0.00
5 ALL 104 40 11.32 25 2.28
5 SHRUBS 104 12 4.00 28 3.67
5 HERBS 104 1 0.50 18 3.32
5 GRASSES 104 0 0.18 19 1.70
5 FERNS 104 4 1.38 52 4.70
5 MOSSES 104 18 6.06 2 0.00
7 ALL 59 53 17.01 42 18.41
7 TREES 1 0 2500
7 SHRUBS 59 8 3.69 24 3.46
7 HERBS 59 1 0.49 19 2.52
7 GRASSES 59 6 5.60 21 2.40
7 FERNS 59 3 1.97 40 3.90
7 MOSSES 59 24 8.76 2 0.00

Modal Height (cm)% Cover
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Table 9: Cover and Modal Height of vegetation on forested undisturbed plots
Block Vegetation N

Category Mean Stderr Mean Stderr
1 ALL 9 172 7.77 402 21.17
1 TREES 9 41 6.05 2500 0.00
1 SHRUBS 9 32 3.69 71 10.79
1 HERBS 9 0 0.00 17 8.50
1 GRASSES 9 0 20
1 FERNS 9 3 0.98 78 5.21
1 MOSSES 9 95 1.41 2 0.00
5 ALL 4 172 9.42 332 13.06
5 TREES 4 44 11.97 2500 0.00
5 SHRUBS 4 38 4.73 51 8.23
5 HERBS 4 0 0.03 26 1.25
5 GRASSES 4 0 40
5 FERNS 4 2 0.63 51 5.44
5 MOSSES 4 90 3.69 2 0.00
7 ALL 21 166 10.59 290 11.44
7 TREES 21 46 5.12 2500 0.00
7 SHRUBS 21 24 3.52 52 4.49
7 HERBS 21 1 0.24 23 2.99
7 GRASSES 21 5 4.99 23 10.90
7 FERNS 22 4 1.01 62 4.71
7 MOSSES 21 84 4.83 2 0.00

% Cover Modal Height (cm)
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Soil Disturbance

Table 10:  Soil Disturbance by stratum.

Stratum Block Site Series Stumped Area (ha)

Max. Soil 
Disturbance 

Area (%)

Counted Soil 
Disturbance 

(mean%)

Counted Soil 
Disturbance 

(LCL%)

Counted FF 
Disturbance 

(Mean%)

Counted FF 
Disturbance 

(LCL%)
1 1 01 Yes 7.4 10 7.3 4.9 22.4 18.8
2 1 01 No 10.1 5 2 0.7 4.4 2.5
3 1 05 No 2.8 5 2.6 1.2 3 1.4
4 1 05 Yes 0.4 10 13.1 10.3 29.5 25.8

5 2
01/05 

(07,06,03) No 18.6 2.5 0.5 -0.6 1.9 0.4
6 3 01 Yes 1.3 10 12.7 10.5 20.9 17.3
7 3 01 No 11.3 5 2.7 1.2 0.8 -0.1
8 3 05 No 4.3 5 4.6 3.2 1.5 0.6
9 4 01 Yes 4.4 10 6.6 4.4 22.1 18.4
10 4 01/05 No 5.5 5 0.8 -0.2 6.2 4
11 5 01 Yes 1 10 5.8 3.7 23.5 19.8
12 5 01/05(03) No 2.8 5 0 0 0.4 -0.1
13 7 01 Yes 1.1 10 6.6 3.3 28.3 24.1
14 7 01/05 No 1.6 5 0.4 -0.3 1.1 0.1
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7 Total Project Cost
7.1 Operational Harvesting Costs

Following is a summary of the costs incurred by the Small Business Forest Enterprise
Program for STEMS 1.

Road/bridge construction $565,9573..

Traversing/Cruising/Assessments (unaudited) $17,013

Ministry staff time (approximately ¾ of an FTE) (unaudited)  $35,000

De-Stumping/slash piling at Small Business Cost - $21,097

Planting $38,127

Total Costs - $677,195

Table 11: Summary of harvested volume & revenue by Timber Sale Licence and block at
STEMS (2001/02)

Timber Sale
Licence

Block Total
Stumpage

($/m3)

Volume
cruised (m3)

Volume harvested
(m3)

Revenue
($)

A67228 3 49.26 7,756 9,158 435,259.79
A66727 1 60.01 9,026 10,995 640,881.47

4 59.65 5,133 6,150 352,111.45
A66730 2 23.75 3,389 3,712 81,335.23

5 44.43 1,823 2,627 113,624.24
7 43.83 1,228 1,589 68,810.88

Totals 28,355 m3 34,231 m3 $ 1,692,022.80

Revenue net of costs:  $1,692,022.80 - $677,194.73 = $1,014,828.07 (unofficial).

                                                
3 Approximately 10.5 km.  Note, future timber will be accessed by these roads without future costs
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7.2 Research Costs
Total Research Costs to date are $183,495 and is broken down.  Expenses and source of
funding are listed as follows:
Pre-treatment Contract Costs

Ecosystem Mapping (FRBC) $10,315

Plot establishment, tree height and diameter measurement,
shrub cover estimates, plot photographs (FRBC) $43,800

Stump and dead tree measurements (FRBC) $8,395

Coarse Woody Debris assessment  (FRBC) $15,015

Total Pre-treatment Costs $77,525

7.2.1 Post-treatment Contract Costs
Plot re-establishment/post-treatment measures (RB) $7,000

Height Measurements, plot photographs, plot re-surveying (RB) $14,310

Regeneration/vegetation (RB) $4000

Coarse woody debris assessment (CRFD) $11,610

Windthrow survey (FII) $10,710

Photos for Public Perception Survey $4,900

Total Post-treatment Costs $70,530

7.2.2 Extension Costs

Analysis and reporting of costs and productivity data (FII) $18,000

Self-guided Tour Route building costs (CRFD) $10,000

Signs for Self-guided Tour Route (FII) $6,290

STEMS Brochure (RB, FII) $6,050

Total Extension Costs $40,340
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Appendix 1.1: Experiment Location Map



37

Appendix 1.2:  Ecosystem Map
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Appendix 2:  Maps of Individual Treatment Units (Blocks)
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Appendix 3: Forest Assessment Maps

Appendix 3.1: Map of Forest Health
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Appendix 3.2: Map of Stream and Wetlands
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Appendix 3.3: Map of Roads and Recreation Trails
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Appendix 3.4: Map of Reserve Areas
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Appendix 4: Maps of Research Plots by Treatment Units (Blocks)


