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Abstract

A mature two-cohort forest of red spruce
provided theinitial setting for thislong-term research
into unevenaged silviculture. The 32 ha trial was
established in 2000, comparing two replications of
single tree selection, group selection, clearcut, and
untreated natural forest development. The singletree
method employed basal arearetention guidesto direct
the treatment, while the group selection was applied
on a land area basis. Measurements of permanent
sample plots at five year periods will track
merchantable tree growth, stand quality, tree
regeneration, vegetati on change, deadwood dynamics,
and soil compaction.

This establishment report fully describes the
trial before and after initial treatment, discusses the
silvicultural methods used along with guidelines for
future treatments, and presents a brief summary of
treatment responses measured up to 8 years after the
initial intervention.



Big Indian Lake Selection Cutting Trial

Aerial view of selection cutting trial looking southeast - taken April 1, 2004 .



INTRODUCTION

This long-term research trial was established in 2000 to study the response of red spruce (Picea
rubens Sarg.) forests to two methods of selection harvesting. The trial will provide comparison
of these methodsto traditional clearcutting practices and to natural forest development. Inthefirst
year a preparatory cut was carried out to establish extraction trails and remove a cohort of large
residual red spruce. Thiswasfollowed by another harvest in 2004 to treatment specifications. The
trial will continue with periodic harvests and silvicultura tending by following a long-term
treatment guide. A permanent sampling system will monitor changes and treatment effects on a
broad range of parametersrelated to timber growth, regeneration, and ecosystem conditions. This
establishment report describes all aspects of thetria and presents summariesfrom before and after
treatment.

Selection harvesting is an uneven-aged management system that may emulate natural "gap
replacement” stand development patterns (Chambers et al. 1999, Kelty et a. 2003, Fraver et a.
2002). It is often proposed as an dternative to clearcutting and is recommended where the
ecological and aesthetic value of intact forest cover is desired (Doyon et al. 2005). Selection
harvesting can help maintain habitat for plant and animal species that require interior, late seral
stand conditions (Battles et al. 2001). Retaining forest cover in harvested areas can be beneficial
for water quality and storage (Lewis 1998), as well as aesthetics and recreation value
(Slvennoinen et a. 2002). By maintaining a number of age and diameter classes, continuous
regeneration and growth can occur and seed production will be ongoing within the stand (Sullivan
and Sullivan 2001). Where the management goal isto provide standsthat can contribute long-term
ecological values, the selection system should make provision for the development of large snags
and coarse woody debris, species diversity, and structural diversity, since the repeated harvest
entries associated with selection cutting has potential to sanitize sites and eliminate important
ecological components.

Selection cutting is a challenging practice that must simultaneously manage multiple features
including, harvest of crop trees, quality of retained trees, development of understories, and
establishment of regeneration. An inherent risk exists in continuously retaining a portion of
financially mature trees, which may suffer losses between harvest cycles. Through a scientific
understanding of forest response to different harvest treatments, effective selection cutting
techniques can be developed to assist operationa decisions at the stand level, aswell as strategic
modelling at a landscape level.

Partner ships

Thisstudy isconducted asajoint partnership between Bowater Mersey Paper Company Limited and
the Nova Scotia Department of Natural Resources. Bowater Mersey Paper Company is the
landowner and manager responsiblefor harvesting and tending operations. Professional forestersand
ecol ogistswith the Department of Natural Resourcesareresponsiblefor theresearchandtria design,
development of prescriptions, operational layout and marking, maintenance of a permanent forest
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sampling system, dataanalysis, and reporting. Other participants may becomeinvol ved to undertake
additional research related to the goals and objectives of the project.

RESEARCH GOALSAND OBJECTIVES

The goal of this research is to develop a scientific understanding of forest response to selection
cutting that will lead to effective selection management techniques and guidelines. It is designed
to study treatment effects on growth and yield, tree quality, regeneration, age class structure,
blowdown, and a range of ecologica parameters including coarse woody debris, structural
diversity, plant species diversity and dynamics of large retained legacy trees. The tria has a
longterm outlook (75+ years) that will include periodic treatments and regul ar measurement cycles.
It will involve management manipulations targeting basal arearetention, light availability, species
selection, and quality improvement. Three different forest management systems and an untreated
control are being evaluated using two replications:

. Single tree selection

. Group selection

. Clearcut with tending

. Natural stand development with no intervention (Control)

Management Implications

. Development of silvicultural guidelines for selection cutting.

. Quantification of treatment effects on growth and yield, and stand quality.

. Capability to modd forest growth and other dynamic aspects of forest structure.

. Identification of ecological factors affecting biodiversity.

. | dentification of treatment risksand constraints, such asblowdown, species suitability, and
machine operability.

. Ability to extrapolate the extensive knowledge that exists for even-aged management to

predict and model selection harvesting responses (e.g. the existing evenaged growth
models developed over several decades of research could potentially be used to predict
selection harvesting growth using the comparative results of this study).

Treatment Objectives

Selection Treatments

. Develop an uneven-aged stand containing severa cohorts and size classes.

. Sustain a continuous, healthy canopy of mature trees.

. Encourage continuous regeneration that favors climax species.

. Maintain or increase stand quality and the productive capacity to produce timber.
. Maintain ecological structures and functions that support biodiversity

. Control blowdown risk and limit losses to mortality.



Clearcut Treatment

Follow traditional even-aged management practices employed by Bowater Mersey
Paper Company for naturally regenerating stands, in order to provide a redlistic
comparison of “current” practices.

Optimize growth and yield through competition and density control using standard
weeding, precommercial thinning, and commercial thinning treatments.

Promote high stocking of red spruce regeneration and other commercially valuable
species such as yellow birch and white pine (see Appendix | for scientific names of
Species).

Natural Stand Development

Monitor natural stand devel opment through the expected transition from mature to
old growth for experimental control and comparison.

Replicates of unmanaged natural stand development will provide benchmark areas
for assessing and comparing treatment effects on forest aspects important to
ecosystem restoration and maintenance, such as productivity, structural diversity,
biodiversity, disturbance dynamics, deadwood, and soil compaction.

SITE DESCRIPTION

The tria is situated in Hants County, east of Big Indian Lake, on land owned and managed by
Bowater Mersey Paper Company Ltd. (Figurel). Itislocatedinthe St. Margaret’ sBay ecodistrict
ona“well drained, coarsetextured, knollsand knobs (WMKK)” ecosectiontype (Neily et al. 2003).
The dominant natural disturbance regime for this ecosection is described as “infrequent stand
initiation”, with wind as the primary agent. On the zona sites forest succession is predicted to
progress towards climatic climax stands of red spruce, eastern hemlock, and white pine. The Forest
Ecosystem Classification for Western Nova Scotia (Neily et al. 2006), provides the following
descriptions of the ecotypes, vegetation types, and soil types that were recorded within the trial:

The siteis primarily an ecotype 5 “Fresh-Medium Conifer”, with some areas of ecotype 6
“Moist-Medium Mixedwood”.

The vegetation type W16 (Red spruce, Schreber’s moss) predominates, occupying the
“fresh-medium” ecotype 5 sites. This forest community is typically characterized by ared
spruce, red maple, and balsam fir overstory, with an understory of balsam fir and red spruce
regeneration. A W17 vegetation type (Red spruce - Balsam fir, stair-step moss) occurs less
commonly, occupying the* moist-medium” ecotype 6 sites. Thisissimilar to W16, but with
agreater abundance of yellow birch and balsam fir. Both vegetation types support aforest
floor cover of predominantly Schreber’s moss, stair-step moss, and three-lobed bazzania,
with sparse shrub and herb cover.



L ocation of Big Indian L ake Selection Cutting Trial
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Figure 1. Location of Big Indian Lake selection cutting trial, overlaid on the ecosection layer
of the Ecological Land Classification for Nova Scotia (Neily et a. 2003)
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. Six soil types were observed, al from the ST2 and ST3 groups. These can be collectively
described as fresh to moist, medium to coarse textured soils, derived from granitic parent
materia (Keys, 2007). Granite bouldersand outcrop are common on thelandscape and soils
are often shallow and stony. These factors may limit tree stocking and machine operability

in some areas. Appendix Il containsa complete list of soil types found at the site.

A summary of the stand conditions based on permanent sample plot measurements made prior to
theinitia treatment in 2000 indicatesthat thetrial siteisuniformly dominated by red spruce forests
(Tablel). Balsamfir, red maple and yellow birch are aso common but in much smaller quantities.
The site shows historical signs of fire (charcoa wasfound at the forest floor/mineral soil interface)
and blowdown (mound and pit). It appearsto have two primary age classes, aresidual component
of largered spruce approximately 140 years of age which are distributed among amixed red spruce,
balsamfir, red maple, aspen stand approximately 90 years of age. Thissuggestsapartial disturbance
of sometypeintheearly 1900's. The stand, if left undisturbed, would theoretically enter old growth

stages within the next 25-50 years (Stewart et al. 2003).

Tablel. Summary of pre-harvest stand conditions for merchantable sized trees> 9.0 cm dbh

(data from permanent sample plots established and measured in 2000).

Block Treatment Area Species composition®

Average Average Stems Ba/ha Total

Merch?

type (ha) diameter height /ha (m? Volume Volume

(cm) (m) (m’) _ (m?)

1 Control 3.8 8RS 1RM 1YB BF LTA 17.4 17.7 1897 49.8 361 330
6 Control 3.6 8RS 2RM BF YB WB 19.2 17.5 1394 423 323 298
2 Singletree 3.9 7RS 1BF 1RM 1YB SMWB WP LTA 19.2 17.4 1303 46.0 348 318
4 Singletree 4.2 7RS 2RM 1BF YB SMLTA 17.1 18.4 1609 39.9 303 279
5 Group 4.2 8RS 1RM 1BF YB WS BS WP 19.5 16.4 1269 42.3 305 278
7 Group 4.8 7RS 2RM YB BF LTAWB WS TA BE 19.9 17.2 1206 36.3 273 252
3  Clearcut 3.4 8RS 1RM 1BF YB 19.7 18.0 1044 39.7 294 271
8 Clearcut 4.3 8RS 1YB 1RM BF WB SM 18.9 16.8 1434 43.7 328 299
Total 32.2 8RS 1RM 1BF YB SM WB LTA WS 18.8 17.4 1395 425 317 291

WP BS TA BE

Species codes: RS - Red spruce, RM -Red maple, BF - Balsam fir, YB - Yellow birch, WB - White birch, SM-

Sugar maple, WP - White pine, BS - Black spruce, WS-White spruce, BE - Beech, TA - Trembling aspen, LTA -

Large-toothed aspen
Numbers represent percent composition of basal area.

Merchantable volume calculated using metric Diameter-Height Ratio equations (Honer et al. 1983).



METHODS

L ayout and Design

The 32 hectare trial site was divided into eight blocks of approximately 4 hectares (Figure 2). Each
block was randomly assigned one of four treatments (Table 1), creating two replications of each
treatment in a completely randomized design. A system of sample plots was established:

Eight “multiplot permanent plots’ (MPP) of 0.1 ha size were established in each block
providing atotal of 64 in the full trial (Figure 3). All commercia sized (> 9.0 cm dbh) live
and dead trees were measured in each plot prior to and following treatments.

Within each MPP sample plot 3 subplots were established to measure vegetation, tree
regeneration, site conditions, and light availability.

A 54 mtriangular line transect was established in each MPP plot to measure coarse woody
debris.

Within the four selection cut treatment blocks 12 large legacy trees were selected for
permanent retention. These were numbered and measured (Appendix I11).

Temporary soil compaction plotswereestablished post harvest aspart of another research trial
(Keys, 2005).

All plotsarelocated on sites capable of full stocking. Plotswill be measured on a5 year cycle, with
pre and post harvest measurements made at all harvest cycles. Post harvest measurements update the
pre harvest sample and only measure parameters that change due to treatment (ie. tree status,
regeneration stocking, vegetation cover, coarse woody debris).

Datais stored in the Forest Research Inventory System (FRIS). The structurefor al plot and subplot
databases is outlined in Appendix 1V.

Multiplot Permanent Plots (MPP)

Circular plots with aradius of 11.28m (0.04ha) were established to measure merchantable
sized trees (>9.0 cm dbh) (Figure 3). Plot centers were marked by a metal survey stake and
cap displaying the block and plot numbers. UTM coordinates of plot centers are listed in
Appendix V. Within each plot all merchantable sized live and dead trees were numbered with
a metal tag at stump and painted number on stem. A line was painted around the
circumference of each treeat breast height for dbh measurements. Ingrowth will be numbered
sequentially asit occurs. The following was recorded for each numbered tree:

. Species
. Status (living, cut, dead standing, or dead down)
. Dbh (mm)

. Dominance (dominant, co-dominant, intermediate or suppressed)
. Crop potential (not a crop tree, crop tree, likely to die, poor quality, or poor growth
potential)
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Figure 2. Layout of Big Indian Lake selection cutting trial (2007 aerial photography).



Sample Plot Diagram

MPP boundary

N\

&  Subplot centers and CWD points - marked with 30 cm nails

V egetation subplot (1m x 1m)

@ Regeneration subplot (1.69 m radius)

@ MPP center stake (metal survey stake with plot number)

Figure 3. Sample plot design showing multiplot permanent plot (MPP) layout with nested
coarse woody debris, vegetation and regeneration subplots.



. Number of stems (for coppice)
. Tree origin (seed or coppice)

. Height (dm) and crown length (dm) of two live trees in each plot. The full height
range was covered collectively across the 8 plots in each block.

. Height (dm) of al snags (standing dead) to a minimum top diameter of 10cm.

. Top diameter (cm) of broken snagsif greater than 10 cm (visual estimate).

. Decay class of snags (4 classes, see Appendix VI)

. Age (stump) was determined from a sample of cut trees

. Sail type and stoniness class were assessed and recorded in each plot

. Legacy tree measurements were all recorded in alegacy tree file associated with the
MPP database. This record consists of species, dbh, height, status, decay class, and
damage.

All parameters were measured prior to treatment. Following the preparation harvest in 2000
tree status wasre-evauated (ieliving, dead or cut) inthetreated blocks (2,4,5 and 7) in order
to quantify the harvest operation. This datawas stored as year 2000B. In 2003 and following
thefinal harvest in 2004, tree status was again reassessed in blocks 2, 4, 5, 7. In 2007 snags
in all blocks were assessed for status and decay class, aswell as height and top diameter to a
minimum10 cm top (so that snag volumes could be cal culated and compared to pre-treatment
measures made in 2000). A full re-measurement was made in June 2008.

Vegetation Sub Plots (VEG)

Subplotsfor tracking vegetation and treeregeneration were permanently established by setting
30 cm galvanized spikes at plot center, with heads at ground level. These are traceable using
ametal detector, to allow plotsto befound after harvesting. Seedlings, saplings, and non-tree
vegetation were measured using different sized subpl ots, all of which center on the galvanized
spikes.

-almx 1m plot was used in 2000 (prior to treatment) to measure vegetation cover (%) and
the density of trees less than 130 cm in height, as follows:

. density of tree seedlings by species and height class (1-5 cm, 6-30 cm,
31-130 cm) (Appendix VII).
. percent cover of vegetation (excluding trees) by species and height class

(1-5 cm, 6-30 cm, 31-130 cm) (Appendix VIII).

- acircular plot of 1.69 m radius (9 m?) was used in 2000 (prior to treatment) and in 2006 (2
years post-treatment) to assess the stocking and density of unmerchantable sized trees (< 9.0
cm dbh), asfollows:

. in 2000 the density and stocking of trees over 130 cm in height was recorded by
species and height class (131-400 cm, 401-700 cm, >700 cm)
. in 2006 the stocking of trees was recorded in each of the six height classes (1-5 cm,



6-30cm, 31-130 cm, 131-400 cm, 401-700 cm, >700 cm) by species, height class, and
distance classfrom plot center (<101 cm, 102-134 cm, 135-169 cm). Distance classes
provide variable plot sizes of 3.2 m?, 5.6 m? 9 m?, which enables stocking to be
calculated at tree spacings of 1.8 m (3000 stems/ha), 2.4 m (1800 stems/ha), 3.0 m
(1100 stemg/ha).

. attributes including micro topography, relief, soil type, drainage, site limitations,
percent of plot on haul trail (post harvest only) (Appendix I1)

Coarse Woody Debris Plots (CWD)

Triangular shaped linetransects, measuring 18m on aside, were established to measurecoarse
woody debris (Figure 3). The corners of the triangles were permanently marked with 30 cm
galvanized spikes. Thisissimilar marking to the vegetation subplots, which arelocated at the
mid point of each transect line.

Downed dead wood was recorded if the diameter at line intersect was > 9.0 cm and pieces
wereleaning at < 45° from vertical. Coarse woody debriswas measured prior to treatment in
2000 and again in 2006. The following data was recorded and stored in FRIS under CWD:

. species

. diameter class (2 cm)

. decay class (Appendix V1)

. slope of line (if > 15 percent)

. slope of piece (if > 15 degrees)
Soil Compaction

Thistrial sitewasincluded as part of asoil compaction study by Keys (2005). Sampleswere
taken from untraveled control areas as well as on temporary extraction trails with moderate
traffic (3-7 harvest machine passes) and permanent haul trails with heavy traffic (8+ harvest
machine passes). Thirty samplesweretaken from control and heavy traffic areas. In moderate
traffic areas 30 samples were taken from both the center of the extraction trail and the wheel
track. Samples were taken at 1 m intervals on haul trails to a depth of 10 cm using a5 cm
diameter soil corer. Soil bulk density was used to determine the level of compaction.

Operations
Harvest

The harvest took place in two stages, a preparatory cut during the fall and winter of 2000,
followed by afina harvest in January 2004. Bowater Mersey Paper Company contractor,
"Looke Can-cut", carried out both operations using Timberjack 1270 single-grip harvesters
and Timberjack 1210 forwarder. During the preparation harvest, apermanent extraction trail
was established though the center of the site and between block boundaries, effectively
dividing thetrial into recognizable treatment blocks while providing good access throughout

10



(Figure 2). At thistime blocks three and eight were clearcut. Within the selection treatment
blocks access was established by cutting 4 meter wide parale trails on 24 meter centers.
These temporary accesstrails are expected to regenerate naturally and contribute fully to the
growing area of the treatment blocks. Temporary trail area represented 13 percent to 17
percent of treatment block area on the ground (Table 2), however some of this growing space
Is occupied at the tree canopy level. During the preparatory cut poor quality stems were
removed as encountered and all large spruce trees greater than 40 cm in diameter were
harvested with the exception of 12 preselected legacy trees in each block.

The trial site was left to stabilize for four years before completing the final single tree and
group selection treatments. The single tree harvest was guided by aresidual basal areatarget
of 23 m?/ha. Harvesting was controlled by marking the trees for cutting in the MPP's, thus
providing the contractor with frequent examples for training and calibration as he moved
through the rest of the treatment blocks. In the group selection blocks an area based target of
20 percent removal was used. Patches were marked and cut out between extraction trails to
create openings 14m x 28m (approx. 400 m?). Patch locations were subjectively chosen to
favour future stand development by harvesting lower stocked, overmature, or blowdown
susceptible areas with the least growth potential . In order to ensure that the harvest openings
werewell distributed throughout the stand a prescribed number of patches per extraction trail
was calculated based on tota trail length (2/trail in block 7; 3/trail in block 5). Effort was
made to retain small saplingsin the cut patches.

Table2. Sizeand number of temporary extractiontrailsestablished during the 2000 preparation
harvest to access treatment blocks.
Block Size Number Trail Trail Trail Length Trail Area”
(ha)  of Trails'  Width Spacing (m)
(m) Between
Centers Average Total Hectares Percent of
(m) Treatment
Block
2 3.9 135 4 24 115 1550 .62 16
4 4.2 10 4 24 155 1550 .62 15
5 4.2 10 4 24 180 1800 72 17
7 4.8 145 4 24 105 1550 .62 13

Half trails shared with neighbouring blocks (1 in block 2 & 7; 2 in blocks 4 & 5) are denoted as .5
Some of the overhead trail area is occupied by tree canopy, thus actual growing space impact may be
somewhat less than indicated.
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Legacy Retention

Prior to theinitial treatment in the four selection treatment blocks, twelve of the largest trees
(ten red spruce and two other) were systematically chosen from the oldest age class to be
retained as permanent legacy trees (Figure 2)(Appendix 111). Large“wolf” treeswereincluded
inthelegacy tree selectionsto maintain some structural diversity within the treatment blocks.
Asthesetrees die they will be left on site to create large snags and coarse woody debris and
replacements will be chosen prior to each harvest cycle in order to maintain 12 large living
legacy treesin each selection treatment block.

Tending

A common practice used on regenerating Bowater Mersey Paper Company harvesting blocks
istheapplication of herbicidesto reduce broadleaf competition on softwood crop tree species.
In September 2006, 6 growing seasons after clearcut, the herbicide Vision® (glyphosate) was
applied to Block 3 at arate of 5.3 I/hausing a helicopter.

In September 2008, a similar treatment was applied to Block 8, using 2.75 I/ha of a new
glyphosate formulation, VisionMax ™.

Prescriptions
Single Selection Method

The prescription for the single tree selection relies on basal areato manage stocking levels
and guide harvesting cycles. Thelong-term goal isto developfull stocking, distributed across
severa cohorts occupying arange of height strata. The basal areaguidelines were devel oped
using normal yieldtablegrowth projectionsfor even-aged standsto estimatethe merchantabl e
sized (>9.0 cm dbh) basal area of different aged cohorts proportioned within afully stocked
multi-cohort stand (NSDLF, 1990). Table 3 illustrates the basis for the guideline, which
assumes a 75 year rotation with average harvest cycles of 15 years. This could potentially
produce 5 cohorts, each occupying 20 percent of growing space. A harvest will be triggered
each time stand basal areareturnsto the projected fully stocked level (33 m?/ha). The harvest
will consist of removing abasal areaequivalent to the oldest cohort (10 m%ha), thusreducing
the post harvest residual basal area to 23 m%ha. Harvest selections were guided by the
objectivesof improving timber quality, optimizing growth and yield, and sustaining important
ecological attributes (Table 4).
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Table3. Normal yield table estimates of merchantable sized basal area (> 9.0 cm dbh) in fully
stocked softwood stands (LC5) containing 5 cohorts at 15 year age intervals, each
occupying 20 percent stocking (NSDLF, 1990).
Cohort Age Basal Area at 20% of full stocking
(Years) (m?ha)
15 0.0
30 4.6
45 8.0
60 9.7
75 10.5
Total 32.8
Table4. Tree selection guide ranked in descending order.
Type Reason/Description
Remove

Temporary access trails
All large spruce (> 40 cm dbh)
Impending Mortality

Poor form/species

Competing stems/spacing

24 m centers, 3 - 4 m width, relatively straight
Financially mature; large tops pose hazard to future regen
Capture future losses due to current poor health or likely mortality

Quality improvement / balsam fir, aspen, white birch, red maple, diseased
beech

Improve growth

Crop trees A diameter limit was calculated to help identify potential “crop” red spruce
for removal during the final harvest:
BA Crop = BA Prescribed Harvest - BA poor trees (harvest priority)
Diameter limit = BA Crop allocated to the largest diameter red spruce
Retain

Preferred tolerant & intermediate
crop species

Preferred uncommon crop species
Small trees with release potential

Dying trees with low economic value

Red spruce, yellow birch

Sugar maple, white pine, disease free beech
Future growth, young cohorts

Most mature red maple and aspen were observed to have shoe string root
rot infection (Armillariella mellea) with many dead or dying. Their
ecological value may exceed the economic potential; competitive effects
are declining; and sprouting may be reduced if stems are not cut. Future
measurements will determine if the retained red maple and aspen die out,
as expected. Potential may exist for the fungus to infect the spruce crop.
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Group Selection Method

Group selection was conducted primarily on an area basis and as such required much less
decision making and direction than the singletree selection. Aswith the singletree operation,
the initial cut established access trails on 24 m centers and harvested all spruce trees larger
than 40 cm dbh (except the legacies), as these were considered financially mature and their
large crowns were deemed a potential hazard to future understories.

Thefina areabased prescription was devel oped on an anticipated rotation of 75 years, with
5 cutting cycles spaced approximately 15 years apart (similar to the singletree cycles). Thus
each cutting cycle should target the removal of 20 percent of stand area, distributed in small
patches. For thisinitia treatment strips 14 m wide were cut out between extraction trailsto
create 14 m x 20 m patches (14 m x 28 mif thefull extraction trail width isincluded). In both
trial blocks, 29 patches were harvested. An equal number of patches were harvested aong
each extraction trail to ensure a good distribution throughout the stand (2/trail in block 7;
3/trail in block 5). The exact location of each patch was subjectively chosen to favour future
stand development by harvesting lower stocked, overmature, or blowdown susceptible areas
with the least growth potential.

Clearcut Method

The clearcut treatments were conducted during the first cutting phase in fall 2000. All
standing trees were cut and the merchantable wood was removed to roadside. The areaswere
then left to naturally regenerate, which is normal practice for this area and usually produces
ahigh stocking of commercia specieswithin five years (Stewart and Quigley, 2000). These
areas will be managed to accurately reflect Bowater's normal intensive management
silviculturefor naturally regenerating red spruce. Theclearcut blocks are surrounded by other
clearcuts of similar age (+ - 5 yrs) and will follow practices employed on those sites. Thisis
expected to include chemical weeding during thefirst ten years, followed by pre-commercial
thinning (PCT). Once the stands reach merchantabl e size traditional harvest techniques will
be employed according to the practices of the day, which may include commercial thinning,
shelterwood, and clearcut. Management and monitoring of these blocks is expected to
continue for the full length of the trial, which may exceed afull harvest rotation.

Untreated Control
No harvesting or silvicultura activity will take place in the control blocks. These areas will
develop naturally and be monitored and compared to treatment bl ocksfor ecol ogical features,

biodiversity, disturbance processes, and growth patterns. These areas are expected to reach
an old growth stage of development within the next 25 to 50 years.
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RESULTS
Treatment Effectson Merchantable Sized Live Trees (from M PP database)
Volume

Blocks 3 and 8 were clearcut in the fal of 2000, producing an average of 285m®ha of
merchantable wood (Table 5, Figure 4).

A preparation cut in the single tree selection blocks 2 and 4 was carried out in 2000 to
establish temporary extraction trails and harvest large “super canopy” red spruce (> 40 cm
dbh). Thisremoved 27 percent of the merchantable volume, producing 65 m*haand 96 m*ha
from these blocks, respectively (Figure 4). The final harvest to treatment specifications was
completed in 2004 and produced an additional 111 m*haand 85 m*hafrom blocks 2 and 4,
respectively. Overdl, 60 percent of theinitial volumewasremoved inthesingletree harvests,
yielding an average 178 m®/ha and retaining 120 m®ha standing.

In group selection blocks 5 and 7 the preparation harvest removed 22 percent of merchantable
volume producing 56 m*/ha and 60 m®ha, respectively. The final cut in 2004 resulted in a
cumulative harvest of 48 percent of initial volume, yielding an additional 54 m%ha and 82
m?*/hafrom blocks5 and 7, respectively. Overall, the group selection harvested 126 m*haand
retained 139 m*/ha.

Volume calculations were based on measurements of diameter and height made prior to
treatment in 2000 and do not reflect tree growth that occurred to 2004. A full re-measurement
in 2008 indicates that growth of the retained trees has increased merchantable volume by 25
m*/hain the single tree blocks, 29 m¥ha in the group selection blocks, and 14 m*hain the
controls(Table5). Thedataa so indicate that |ossesto mortality over thisperiod ranged from
18 to 33 m*/ha. Blowdown accounted for haf of thislossin the single tree treatments, and
athird of the loss in the group treatments. Levels of mortality were similar in the control
blocks, however only 11% occurred as blowdown.

Basal Area

Prior to treatment, basal areas were fairly similar between blocks, averaging 42.5 mé/ha,
providing a stocking level of approximately 70 percent (NSDLF, 1990). Most of this was
composed of red spruce (Table 6).

The preparation harvest in the selection treatments reduced basal area by an average of 9.5
m?/ha, retaining between 27.2 m?ha and 37.0 m*ha. The fina harvest in the single tree
treatments focused on uniformly thinning the stand to promote the retention and growth of
quality red spruce and other shadetolerant crop trees and to create sufficient light penetration
to promote regeneration. In both blocks 2 and 4 basa areas were reduced below the target
level of 23 m?/haretained, to 20.5 m?/ha and 14.4 m?/harespectively. This may be partially
areflection of theinitial 70 percent stocking levels with associated natural holes, as well as
wider spacing across the extraction trails.
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Tableb. Production of merchantable sized wood (>9.0 cm dbh) from harvesting and tree
growth between trial establishment in 2000 and the re-measurement in 2008.
1 2 3 Net
Initial Volume Total Volume Lost to Mortality * Standing Merchantable
Treatment  Block 2000 Harvested 2000 to 2008 Inventory Growth
2000+2004 2008 re- between
measurement 2000 - 2008
(2+3-1)
CWD Snag
(m®/ha) (m3/ha) (%) (m*ha) (m%ha) (m*/ha) (m*/ha)
Control 1 330 0 0 2 27 348 18
6 298 0 0 4 24 307 9
Avg. 314 0 0 3 25 328 14
Single 2 318 176 55 16 17 167 25
Tree
4 279 181 65 11 15 126 28
Avg. 299 178 60 14 16 146 25
Group 5 278 110 40 8 15 201 33
7 252 142 56 8 10 135 25
Avg. 265 126 48 8 13 168 29
Clearcut 3 271 271 100 0 0 0 0
8 299 299 100 0 0 0 0
Avg. 285 285 100 0 0 0 0

* Volume of trees that were aive in 2000 and subsequently blew down (CWD) or died standing
(snag) and were not harvested. When initially measuredin 2000, approximately onethird was classed
as“crop potential” quality inthe control areas, and two thirdsas* crop potential” in thetreated blocks
(based on analysis of data available in the MPP database).
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Figure4. Merchantable wood volume harvested and retained in the 2000 preparation cut and
2004 final harvest (all volume calculations based on tree sizes measured prior to
treatment in 2000).
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Table6. Basal area(m?ha) of live merchantable sized trees before and after treatments.
2000 2000 2004 2008
Initial Prep. Final Re-measurement
Treatment Block Species Condition Cut Cut
(m?/ha) (m?/ha) (m?/ha) (m?/ha)
Control 1 Red Spruce 37.7 n/a n/a 41.7
Balsam Fir 0.9 n/a n/a 0.6
Largetooth Aspen 0.8 n/a n/a 0
Yellow Birch 3.0 n/a n/a 2.6
Red Maple 7.4 n/a n/a 5.9
Total 49.8 n/a n/a 50.7
6 Red Spruce 30.9 n/a n/a 33.2
Balsam Fir 0.8 n/a n/a 0.4
W hite Birch 0.6 n/a n/a 0.4
Yellow Birch 1.4 n/a n/a 1.1
Red Maple 8.6 n/a n/a 7.6
Total 42.3 n/a n/a 42.7
Single tree 2 Red Spruce 28.2 21.5 15.2 17.1
W hite Pine 0.5 0.5 0.5 0.6
Balsam Fir 2.6 1.6 0.7 0.8
Largetooth Aspen 0.2 0.2 0.2 0
W hite Birch 0.3 0.3 0.0 0
Yellow Birch 5.5 5.4 3.5 3.9
Sugar Maple 0.7 0.3 0.0 0.1
Red Maple 7.9 7.1 0.5 0.6
Total 46.0 36.9 20.5 23.2
4 Red Spruce 27.5 18.6 13.5 16.3
Balsam Fir 0.8 0.5 0.2 0.7
Largetooth Aspen 0.5 0.5 0.0 0
Yellow Birch 15 1.3 0.2 0.3
Sugar Maple 0.4 0.4 0.1 0.1
Red Maple 9.2 5.8 0.4 0.4
Total 39.9 27.1 14.4 17.7
Group 5 Red Spruce 30.0 23.6 18.3 21.2
W hite Spruce 0.2 0.2 0.1 0.1
W hite Pine 0.4 0.4 0.4 0.4
Balsam Fir 2.3 1.2 1.0 1.4
Yellow Birch 3.0 2.9 2.4 2.4
Red Maple 6.3 5.5 3.4 3.9
Total 42.3 33.8 25.7 29.4
7 Red Spruce 24.0 17.7 11.3 13.8
W hite Spruce 0.1 0.0 0.0 0
Balsam Fir 0.2 0.0 0.0 0.3
Trembling Aspen 0.1 0.1 0.0 0
Largetooth Aspen 0.6 0.2 0.2 0.2
Beech 0.1 0.0 0.0 0
W hite Birch 0.4 0.4 0.0 0
Yellow Birch 1.9 1.9 1.5 1.5
Red Maple 8.8 7.8 3.2 3.6
Total 36.3 28.1 16.3 19.4
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Table 6. (Cont’d)

2000 2000 2004 2008
Initial Prep. Final Re-measurement
Treatment Block Species Condition Cut Cut
(m?/ha) (m?/ha) (m?/ha) (m?/ha)
Clearcut 3 Red Spruce 29.3 0.0 0.0 0.0
Balsam Fir 1.1 0.0 0.0 0.0
Yellow Birch 1.6 0.0 0.0 0.0
Red Maple 7.6 0.0 0.0 0.0
Total 39.7 0.0 0.0 0.0
8 Red Spruce 30.7 0.0 0.0 0.0
Balsam Fir 0.5 0.0 0.0 0.0
W hite Birch 0.7 0.0 0.0 0.0
Yellow Birch 4.8 0.0 0.0 0.0
Sugar Maple 0.4 0.0 0.0 0.0
Red Maple 6.6 0.0 0.0 0.0
Total 43.7 0.0 0.0 0.0

Thegroup sel ection focused on removing apercentage of area (20 percent) infixed patch sizes.
This limited stand and tree quality improvement potential to the selection of patches which
were overmature, understocked, or at risk of blowdown (eg. knolls, wet soils, etc). In block 5
basal areawas reduced to 25.7 m?/ha, whilein block 7 only 16.3 m?%ha was retained.

Aswith the volume calculations, these figures are based on tree size measurements made in
2000 and do not reflect growth to 2004. The re-measurement in 2008 shows basal areagrowth
on retained trees of approximately 3 m%hain the selection treatments, compared to less than
1 m%hain the controls (Table 6).

Species and Quality

The initia composition of shade tolerant crop species was similar in the four selection
treatment blocks (Table 6). Red spruce dominated with an average basal area of 27.4 m%ha
(67 percent of BA), whilethe stocking of yellow birch, white pine, and sugar maple raised the
basal areaof preferred crop species by 3.5 m%haacross the 4 blocks (to an overall average of
75 percent of BA).

The single tree selection treatment favoured the retention of red spruce and increased the
composition by 19 percent, from 65 percent to 84 percent (comparison of changesin basal area
proportions measured between 2000 and 2008, from Table 6) . The overall composition of
preferred crop speciesincreased from an average 75 percent to 94 percent, primarily reflecting
the increased dominance of red spruce. Conversely, the composition of red maple declined
from a pretreatment average of 19.9 percent of basal areato a post treatment of 2.6 percent.
Balsam fir composition aso declined from aninitial average of 3.9 percent of basal areato 2.6
percent post treatment.
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Proportion of Acceptable Growing Stock (%)

The group selection treatment was less able to target species and red spruce composition
increased slightly from 68 percent to 70 percent. Overall the composition of preferred crop
species increased from 75 percent to 80. Red maple composition declined slightly from 19.2
percent to 15.7 percent, while balsam fir composition dropped from 3.2 percent to 2.4 percent.

Improvement in stem quality followed a similar trend, with the percentage of retained trees
classed as “acceptable growing stock” increasing from 83 percent to 93 percent in the single
tree blocks and from 83 percent to 87 percent in the group selection (Figure 5). Most of this
reflected an increase in the proportion of quality red spruce, with little change in the
percentages of acceptable balsam fir and yellow birch and adeclinein the percentage of quality
red maple.

Quality of Growing Stock Before and After Selection Treatment
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Figureb. Changeinthe percentage of acceptable quality growing stock by speciesafter selection

treatment.

Treatment Effects on Dead Wood (from MPP and CWD databases)

Large (>9.0 cm diameter) dead wood occurs as both standing snags (> 45 degrees) and as downed
coarse woody debris (< 45 degrees). Snags are measured using the multiplots (MPP), while coarse
woody

debrisistracked by line transect using the CWD plots.
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Volume

Prior to treatment, the volume of dead wood averaged 72.7 m*/haover the entiretrial and was
evenly distributed between coarsewoody debris (36.3 m*/ha) and snags (36.4 m*/ha) (Table 7).
With the completion of harvesting treatmentsin 2004, the volume of dead wood increased in
both selection treatments, by an average of 11.5 m*ha (14 percent) in the single tree and 12.9
m?*/ha (20 percent) in the group selection. In comparison, dead wood volume increased by a
similar amount, 14.4 m*/ha (19 percent), in the control blocks and decreased by 10.9 m*ha (15
percent) in the clearcuts.

Both selection treatments experienced adecline of approximately 50 percent in the volume of
snags, with a corresponding increase in the volume of coarse woody debris. Results were
somewhat inconsi stent inthe group sel ection treatments, with block 5 having thelowest decline
in snag volume (4.8 m*ha) and block 7 having adeclineof 21.8 m¥ha, similar tothesingletree
treatments. With only asmall proportion of the area of the group selection blockstreated, this
level of declinein block 7 was unexpected, but may partially reflect the focus of harvesting on
patches of trees at risk. By comparison, the increase in deadwood in the control blocks was
evenly distributed between snags and coarse woody debris, while in the clearcut blocks all
standing wood wasfelled, resulting in the elimination of snagsand anincreasein coarse woody
debris.

Table7. Volume of dead wood (snags and coarse woody debris) before and after harvest.
Pre-Treatment (2000) Post-Treatment (2006) Change(2006-2000)
Treatment Block (m3ha) (m3ha) (m3ha)

CWD Snag Total CWD Snag Total CWD Snag Total

Control 1 15.3 40.6 55.9 25.5 51.9 77.4 10.2 11.3 21.5

6 57.2 36.6 93.8 619 38.8 100.7 4.7 2.2 6.9

Average 36.3 384 747 43.7 45.4 89.1 7.4 7.0 14.4

Single Tree 2 41.7 47.8 89.5 74.5 22.5 97.0 32.8 -25.3 7.5
4 32.3 37.3 69.6 65.7 19.3 85.0 33.5 -18.0 15.5

Average 37.0 425 79.5 70.1 20.9 91.0 33.1 -21.6 11.5

Group 5 38.3 22.1 60.4 53.3 17.3 70.6 15.0 -4.8 10.2

7 34.4 32.5 66.9 71.8 10.7 82.5 37.5 -21.8 15.7

Average 36.4 27.3 637 62.6 14.0 76.6 26.2 -13.3 12.9

Clearcut 3 34.8 43.7 78.5 68.7 0.0 68.7 33.9 -43.7 -9.8

8 35.9 31.3 67.2 55.2 0.0 55.2 19.3 -31.3 -12.0

Average 354 375 729 620 00 620 266 -37.5 -109

Total

Average 363 364 727 na na na na na na
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Deadwood Composition Pre-Treatment (2000)
Volume (m*/ha)
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Figure®. Composition of deadwood volume across all blocks prior to harvest, and the changes

following the four different treatment. Snag and Coarse Woody Debris (CWD)
distributions are shown by species prior to treatment, and by hardwood and softwood
group post treatment.

! pre-treatment softwood and hardwood include “unknown” and “other” species.

Species

Prior to treatment, deadwood was composed of approximately onethird softwood species and
two thirds hardwood (Figure 6). Red spruce made up most of the softwood, while the
hardwood consisted primarily of red maple. Thedistribution of snagsand coarsewoody debris
was fairly even within species groups. Following treatment, all harvest types experienced a
decline in snags and an increase in coarse woody debris. The largest volume declines were
among hardwood snags (approx. 12 - 28 m*/ha), which was not quite matched by theincrease
in hardwood coarse woody debris, probably reflecting losses due to some crushing and
breakage of the more decayed stems. In the selection treatments softwood snags decreased
very little, while softwood coarse woody debris increased substantially. In the clearcuts the
loss of softwood snags was matched by theincrease in coarse woody debris. By comparison,
in the control blocks there was an increase in softwood snags and hardwood coarse woody
debris.
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Decay Class Distribution Pre-treatment (2000) Change in Decay Classes Post-treatment (2006)
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Figure?. Distribution of deadwood volumeby decay classacrossall blocksprior to harvest, and
the changes following the four different treatments. Snag and Coarse Woody Debris
(CWD) distributions are shown prior to treatment.

Decay

Figure 7 illustrates that in the pre-treatment stand fresh dead wood occurred predominately
as standing snags, with atrend of increasing coarse woody debris levels through subsequent
decay classes. This suggests that most sound trees died standing, then fell or broke up asthey
decayed, although a past blowdown event, or fungal mortality may produce similar patterns.

All treatments produced a pulse of freshly dead wood, as well as a substantial declinein the
volume of decay class 3, indicating some destruction of pre-existing deadwood during
harvesting (note, in the clearcuts the apparent decline in decay class 1 is due to the six year
span between treatment and measurement). By contrast, the control blocks experienced a
relatively large increase in decay class 3 material, partially due to the mortality of red maple
with pre-existing decay from shoestring root rot (Armillariella mellea).
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Pre-treatment Ground Vegetation Assessment (from VEG database)

Table 8 lists the non-tree understory vegetation, which was measured in early September 2000 prior
totheinitial treatment. Typical of well stocked mature conifer forest, understory vegetation wasfairly
limited and consisted primarily of a“moss’ layer covering 25.7 percent of the soil surface. Although
not measured, the non-vegetated portion of forest floor wasobserved to be primarily covered with | eaf
and needle litter. Only the most common species were recorded, which consisted of 10 mosses, 2
liverworts, and 2 lichens. Three-lobed bazzania dominated, followed by Schreber’ smoss, and broom
moss. The herbaceous layer only covered 1.2 percent of the area and contained fourteen recorded
species, of which the most common werewood sorrel, gold thread, bunch berry, and wild-lily-of-the-
valley. Two species of shrub and six ferns (and alies) were recorded, both groups having less than
1 percent cover.

Table8. Cover (%) of non-tree vegetation prior to treatment (2000).
Moss Herbaceous Ferns Shrubs
Species Cover Species Cover Species Cover Species Cover
(%) (%) (%) (%)
3-Lob. Bazzania 10.73 Wood Sorrel 0.30 Bracken 0.28 Blueberry 0.06
Schreber’'s Moss 5.05 Goldthread 0.20 Cinnamon 0.13  Lambkill 0.01
Broom Moss 3.39 Bunchberry 0.15 New York 0.08
Braided Moss 2.73  Wild Lily of the Valley 0.15 Hay Scented 0.06
Stair Step Moss 2.08 Sarsaparilla 0.08 Wood 0.03
Sphagnum spp. 0.91  Painted Trillium 0.06 Ground Pine 0.02
Fern Moss 0.28  Starflower 0.05
W avy Dicranum 0.16 Ind.Cucumber Root 0.05
Haircap Moss 0.15 Rose Twisted Stalk 0.04
Shaggy Moss 0.11  Sedge 0.03
Cup Lichen 0.09 Partridgeberry 0.02
Plume Moss 0.02 Blue Bead Lily 0.01
Mnium spp. 0.01 Indian Pipe 0.01
Total Cover 25.71 1.15 0.6 0.07

Treatment Effects on Regeneration (from VEG database)

Prior to theinitia treatment in 2000, the density of regeneration was assessed in six height classes,
ranging from 1 cm seedlings to saplings over 7 m tall. The stocking of saplings over 1.3m tall was
assessed at 3 m spacing. In May 2006 (2 years after the final selection harvest and 6 years after the
preparatory treatments and clearcut) stocking was measured for all six height classes, using an
assessment at 3 different spacings: 1.8 m, 2.4 m, and 3.0 m.
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Pre-Treatment Regeneration Density (2000)

Prior to treatment theforest floor was occupied by ahigh density (447,344 stems/ha) of small
“emergent” seedlings (1-5 cm height) composed of 83 percent red spruce, 10 percent balsam
fir, 5 percent yellow birch, and 3 percent red maple (Table 9). Established seedlings, ranging
in height from 6to 130 cm, occurred at amuch lower density (19,376 stems/ha) and consisted
primarily of balsam fir (69 percent) and red spruce (24 percent). Saplings, ranging in height
from 1.3 m to over 7 m, occurred at a density of 1938 stems/ha, which was composed of
approximately two thirds balsam fir and one third red spruce.

Table9. Average density of treeregeneration by speciesand height classacrosstrial site prior
to initial harvest treatment (2000).
Height Class
Species Emergents Seedlings Saplings Total
1-5cm 6 -130cm > 130 cm
(stems/ha) (stems/ha) (stems/ha) (stems/ha)
Red Spruce 370,000 4,688 685 375,373
Balsam Fir 44,635 13,438 1,247 59,320
Yellow Birch 20,781 0 6 20,787
Red Maple 11,927 1,198 0 13,125
Aspen 0 52 0 52
Total 447,343 19,376 1,938 468,657

Post-Treatment Regeneration Stocking (2006)

Prior to treatment, the stocking at 3 m spacing of sapling sized trees (>130 cm height and <
9.1cm dbh) ranged from 42 percent to 79 percent between blocks (average 57 percent), with
both red spruce and bal sam fir having similar average stocking of 34 percent (Table 10). The
crop potential of thesetreesis difficult to gauge due to the effects of suppression associated
with their understory position. In all treatment types sapling stocking declined, hardwood
regeneration increased, and a high stocking of established softwood and hardwood seedlings
(6-130 cm height) was observed (88-100 percent).

Inthe clearcut blocksvirtually no pre-existing spruceand fir saplings survived but hardwood
saplings subsequently developed. In the single tree selection cuts the stocking of spruce and
fir saplings declined on average from 68 to 28 percent. The group selection blocks had the
highest retention of sapling stocking (46 percent) likely reflecting the area not treated.
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Table 10. Stocking at 3.0 m spacing of saplings (height > 130 cm, dbh < 9.1cm) beforeinitial
treatment, and of saplings and seedlings (height 6 -130cm) two years after final

treatment.
Treatment Block Species Pre-treatment (2000) Post-Treatment (2006)
Sapling Sapling Seedling
Stocking Stocking Stocking
% % %
Control 1 Red Spruce 33 21 88
Balsam Fir 4 4 71
Red Maple 4
Yellow Birch 4
Total 42 25 96
6 Red Spruce 38 46 63
Balsam Fir 33 38 67
Red Maple 25
Yellow Birch 4
Total 63 63 92
Single Tree 2 Red Spruce 29 4 88
Balsam Fir 42 21 71
Red Maple 46
Yellow Birch 50
Other 13
Total 58 25 100
4 Red Spruce 50 13 88
Balsam Fir 54 21 75
Red Maple 8 83
Yellow Birch 29
Other 4
Total 79 38 100
Group 5 Red Spruce 33 21 83
Balsam Fir 38 25 79
Red Maple 8 88
Yellow Birch 46
Other 21
Total 50 46 100
7 Red Spruce 46 17 75
Balsam Fir 46 29 79
Red Maple 4 88
Yellow Birch 33
Other 38
Total 67 46 100
Clearcut 3 Red Spruce 21 58
Balsam Fir 29 4 54
Red Maple 17 71
Yellow Birch 8
Other 13 13
Total 42 29 92
8 Red Spruce 38 71
Balsam Fir 25 25
Red Maple 13 71
Yellow Birch 8 29
Other 13 21
Total 58 25 88
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Post-treatment stocking of established seedlings (6-130cm) was 100 percent in all four
selection harvest blocks, which had similarly high average stocking levels of red spruce (84
percent), balsam fir (76 percent), and red maple (76 percent). Yellow birch stocking
averaged 40 percent and was most heavily concentrated in the extraction trails. While a
similar speciesmix regenerated following clearcut, the stocking level swerelower, averaging
90 percent overall and 64 percent for red spruce, 40 percent for balsamfir, 71 percent for red
maple, and 18 percent for yellow birch.

By comparison, stocking of saplings remained relatively constant in the control blocks over
thesix year measurement period. Regeneration of both seedlingsand saplingswasdominated
by spruce and fir, with hardwood occurring at much lower levels than the treated sites.

Soil Compaction

The average soil bulk density for untraveled control areas was 0 .99 Mg/m® (Tablell). In the
temporary extractiontrail sthat experienced moderatetraffic (3-7 harvest machine passes) mean bulk
density was 8 percent higher (1.05 Mg/m®) in the center of the haul trail and 26 percent higher(1.25
Mg/m®) in the wheel tracks than in the control areas. In the main haul trails, which experienced
repeated heavy traffic (8+ harvest machine passes), soil density was 50 percent higher (1.48 Mg/m?®)
than control areas. The growth limiting bulk density values for the soil types found at the site are
1.65-1.70 Mg/m?® (Keys, 2005).V dues above the growth limiting bulk density were found in some
samples both in the moderate traffic areas within the wheel track and in areas experiencing heavy
traffic levels.

Table 11. Soil bulk density (Db) measured on main haul trails (heavy traffic), temporary
extraction trails (moderate traffic) and untravel ed control areasfollowing harvest in

2004".
Treatment 2 Mean Db Std. Dev. Db range Mean
(Mg/m?®) (Mg/m?®) increase (%)
Untraveled Control 0.99 0.18 0.61-1.32
Moderate Traffic 1.05 0.18 0.72-1.41 8
(Center trail)
Moderate Traffic 1.25 0.17 0.92-1.66 26
(Wheel Track)
Heavy Traffic 1.48 0.18 1.11-1.73 50

. Adapted from Keys 2005
2 Moderate traffic = 3-7 harvester and forwarder passes on temporary extraction trails within treatement blocks; and heavy
traffic levels = 8 or more harvester and forwarder passes on permanent haul trails established between treatment blocks.
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Legacy Tree Retention in Selection Treatments (from M PP database)

Thebasal areaof the 12 legacy treesretained within each of the sel ection harvest blocksranged from
0.5 m?hato 0.7 m?ha (Appendix I11). This represented from 1.3 to 1.7 percent of the pre-treatment
basal areaof livetrees. Thesetreeswere selected from the oldest and largest treesin the stand. The
shortest was a 15.2 m sugar maple with a 51 cm diameter and the tallest was a 24.8 m red spruce
with a 68 cm diameter. The composition of legacy trees in each block was similar, with average
heights ranging from 20.1 m to 21.4 m and average diameters ranging from 47 cm to 53 cm. Each
block had 10 red spruce, 1 yellow birch, and 1 other species (yellow birch, sugar maple, red maple,
white pine). As of 2008 eleven of the original 48 legacy trees have died. Two were accidentaly
harvested, five blew down, and four died as standing snags. These will be replaced with new
selections prior to the next harvest cycle.

FUTURE MANAGEMENT CONSIDERATIONS

Single Tree Selection

Although normal yield table projectionsof 15 year growthintervalsover a75 year rotation were used
to develop the single tree prescription, it is not expected that a highly regulated 5-cohort structure
will develop. These projectionsprovidealogical starting point to theoretically provide multi-cohort
growing space that favours regeneration, understory development, and crop tree growth at different
timesintherotation cycle. Unlike some systems (eg. Q-factor) thereisno desiretoregulate age class
structure, diameter distributions, or time periods between harvests. Theinitial treatment is expected
to generate a strong regeneration response that produces a dense, well stocked, new cohort capable
of growing to large sapling size prior to the next harvest. Understory saplings may be particularly
vulnerable to damage during the second harvest. However variations in the growing space, which
ishighestintheaccesstrails, and lowest wherethe harvesters could not reach to the center of thinned
strips, may present future access opportunities.

It is anticipated that the next harvest will be triggered in 15 to 20 years when the basal area of
merchantable sized trees regrows to 33 m?/ha. The 5 year MPP re-measurement cycle will monitor
this growth, which is expected to occur primarily on the residual crop trees and through ingrowth
of currently unmerchantable sized saplings and poles. While the initial harvests focus on crop
improvement, successive harvestsare expected toincreasingly consist of large diameter “crop” trees
selected from the oldest and largest age class using adiameter limit calculation.

Group Selection

While a 15 year harvest cycle is suggested, it is expected that the actual period between group
selection harvests will follow the same period as the single tree harvests, and thus depend on the
basal areacatchup ratesfor the singletreeblocks. Thisis suggested mostly for ease of planning joint
operations and should be revisited if the period between harvests becomes too variable.

A challenge is recognized in that the dominant cohort is currently estimated to be 90 years of age,
and thus may be 150 yearsold at thelast cutting cycle. Whilethisisasimilar ageto the oldest cohort
that was present at the start of the trial, it isunclear how patches of this age will perform, and thus
prescription adjustments may be required.
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Ecological Considerations

To mitigate the potential of intensive selection cutting to ssmplify stands and reduce structural
complexity through frequent entries for tending and harvesting, the following guidelines were

developed:

. retain permanent large legacy trees, replacing those that die.

. represent tree species diversity in all stages of growth

. retain uniquely formed trees (eg. wolf) and cavity trees (may be legacy trees).

. enhance horizontal and vertical structural diversity during cutting and tending.

. provide for coarse dead wood - an average of 13 m*/haof coarse woody debris and 52 snags
per hectare (>20 cm dbh), arereported for unmanaged stands of thesevegetation types (Neily
et al. 2006).

Pre-Commercial Thinning

Density control of the growing stock will be used to increase growth rates, concentrate growth on
crop trees, and manage species composition. Spacing should be carried out within height classes,
with each class treated independently of the others. Trees should only be spaced when in direct
competition with each other within the same height class, for example a potential crop tree from a
tall class should not be removed to make space for atree from a shorter class, and visaversa. Pre-
commercia thinning should be conducted shortly after harvest.
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APPENDIX |: SpeciesList

Common Name

Scientific Name

Common Name

Scientific Name

Trees

Balsam fir

Red maple
Sugar maple

Y ellow birch
White birch
American beech
Eastern larch

W hite spruce
Black spruce
Red spruce

W hite pine
Large-toothed aspen
Trembling aspen
Aspen

Eastern hemlock

W oody Shrubs

Lambkill
Blueberry

Ferns & Fern Allies
Hay scented fern
Wood fern

Ground Pine
Cinnamon fern
Bracken fern

New Y ork fern

Fungi

Shoe string root rot
(Honey mushroom)

Abies balsamea

Acer rubrum

Acer saccharum
Betula alleghaniensis
Betula papyrifera
Fagus grandifolia
Larix laricina

Picea glauca

Picea mariana

Picea rubens

Pinus strobus
Populus grandidentata
Populus tremuloides
Populus spp.

Tsuga canadensis

Kalmia angustifolia
Vaccinium spp.

Dennstaedtia punctilobula
Dryopteris spp.
Lycopodium obscurum
Osmunda cinnamomea
Pteridium aquilinum
Thelypteris noveboracensis

Armillariella mellea

Bryophytes & Lichens

Three-lobed bazzania
Cub lichen
Broom moss
Wavy dicranum
Stair step moss
Braided moss
Mnium
Schreber’s moss
Haircap moss
Plume moss
Shaggy moss
Sphagnum moss
Fern moss

Herbaceous

Sarsaparilla

Sedge

Blue bead lily
Goldthread
Bunchberry

Wild lily of the valley
Indian cucumber root
Partridgeberry

Indian pipe

W ood sorrel

Rose twisted stalk
Starflower

Painted trillium

Bazzania trilobata
Cladonia spp.
Dicranum scoparium
Dicranum polysetum
Hylocomium splendens
Hypnum imponens
Mnium spp.

Pleurozium schreberi
Polytrichum commune
Ptilium crista-castrensis
Rhytidiadelphus triquetrus
Sphagnum spp.
Thuidium delicatulum

Aralia nudicaulis
Carex spp.
Clintonia borealis
Coptistrifolia
Cornus canadensis
Maianthemum canadense
Medeola virginiana
Mitchella repens
Monotropa uniflora
Oxalis acetosella
Streptopus roseus
Trientalis borealis
Trillium undulatum
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APPENDIX I1: Micrositesin Permanent Sample Plots (M PP)

Block Treatment MPP VEG Soil Drainage Percent Site Percent of Relief
type Plot Sub type’ of plot on limitations site with
Plot haul trail limitations
1 Control 1 1 ST2 Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
2 1 ST3 Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
3 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hum/hollow
3 Well 0 Nil 0 Hum/hollow
4 1 ST2 Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Hummock
5 1 ST3 Imperfect 0 Nil 0 Flat
2 Well 0 Nil 0 Hum/hollow
3 Well 0 Nil 0 Hummock
6 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Hummock
7 1 ST2 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Hummock
8 1 ST3 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Hum/hollow
3 Well 0 Nil 0 Hum/hollow
2 Single tree 1 1 ST2 Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Hummock
2 1 ST3 Well 10 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Imperfect 20 Nil 0 Hummock
3 1 ST3 Well 0 Nil 0 Hum/hollow
2 Well 15 Nil 0 Hummock
3 Imperfect 0 Nil 0 Flat
4 1 ST3 Imperfect 0 Nil 0 Hummock
2 Imperfect 25 Slash 40 Flat
3 Imperfect 0 Nil 0 Flat
5 1 ST3-G Well 0 Nil 0 Hummock
2 Well 80 Slash 30 Hummock
3 Excessive 60 Slash 30 Flat
6 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
7 1 ST3 Well 0 Stoniness 40 Hummock
2 Well 80 Nil 0 Flat
3 Well 60 Slash 40 Hollow
8 1 ST3-G Imperfect 25 Slash 30 Flat
2 Well 0 Nil 0 Hollow
3 Imperfect 60 Nil 0 Hummock
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Block Treatment MPP VEG Soil Drainage Percent Site Percent of Relief
type Plot Sub type’ of plot on limitations site with
Plot haul trail limitations
3 Clearcut 1 1 ST2-G Well 0 Nil 0 Flat
2 Well 0 Slash 75 Flat
3 Well 0 Nil 0 Flat
2 1 ST2 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Hum/hollow
3 1 ST2 Well 0 Vegetation 50 Flat
2 Well 0 Nil 0 Hollow
3 Well 0 Nil 0 Flat
4 1 ST3 Imperfect 0 Vegetation 40 Flat
2 Imperfect 0 Vegetation 40 Hummock
3 Imperfect 0 Vegetation 70 Flat
5 1 ST2 Well 0 Slash 40 Flat
2 Well 0 Nil 0 Flat
3 Well 40 Slash 60 Hummock
6 1 ST2 Well 0 Nil 0 Hollow
2 Well 0 Nil 0 Flat
3 Well 0 Slash 80 Flat
7 1 ST3-L Well 50 Slash 50 Flat
2 Well 100 Slash 0 Flat
3 Well 0 Nil 0 Flat
8 1 ST3-G Imperfect 60 Slash 0 Flat
2 Imperfect 0 Slash 25 Hummock
3 Poor 0 Moisture 30 Hollow
4  Single tree 1 1 ST3 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Hum/hollow
3 Imperfect 60 Moisture 25 Hum/hollow
2 1 ST2 Well 0 Slash 30 Hummock
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
3 1 ST3 Imperfect 0 Nil 0 Hum/hollow
2 Well 0 Vegetation 50 Hummock
3 Well 50 Nil 0 Hummock
4 1 ST2 Well 50 Nil 0 Hollow
2 Well 0 Slash 50 Hummock
3 Well 0 Nil 0 Hum/hollow
5 1 ST2 Well 20 Nil 0 Hollow
2 Well 0 Nil 0 Flat
3 Well 20 Nil 0 Hum/hollow
6 1 ST2 Well 25 Slash 40 Flat
2 Well 0 Nil 0 Hummock
3 Well 40 Nil 0 Hummock
7 1 ST3 Imperfect 70 Slash 50 Hum/hollow
2 Well 0 Nil 0 Hum/hollow
3 Imperfect 0 Nil 0 Flat
8 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
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Block Treatment MPP VEG Soil Drainage Percent Site Percent of Relief
type Plot Sub type’ of plot on limitations site with
Plot haul trail limitations
5 Group 1 1 ST3 Imperfect 30 Stoniness 50 Hum/hollow
2 Imperfect 0 Nil 0 Flat
3 Imperfect 0 Slash 30 Flat
2 1 ST2 Well 0 Nil 0 Hollow
2 Well 100 Nil 0 Hummock
3 Well 50 Nil 0 Hummock
3 1 ST3-G Well 0 Nil 0 Hummock
2 Well 10 Nil 0 Hummock
3 Well 0 Nil 0 Flat
4 1 ST3-G Well 0 Nil 0 Hollow
2 Imperfect 0 Slash 20 Flat
3 Well 0 Nil 0 Hollow
5 1 ST3-L Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Hum/hollow
6 1 ST2-L Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Flat
7 1 ST3-G Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Hummock
8 1 ST3-G Well 100 Slash 70 Flat
2 Well 20 Slash 45 Flat
3 Well 0 Stoniness 30 Flat
6 Control 1 1 ST2-G Well 0 Nil 0 Flat
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Hummock
2 1 ST3 Imperfect 0 Nil 0 Flat
2 Imperfect 0 Nil 0 Hum/hollow
3 Well 0 Nil 0 Flat
3 1 ST2-G Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Flat
3 Well 0 Stoniness 30 Flat
4 1 ST2 Well 0 Nil 0 Flat
2 Imperfect 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
5 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hum/hollow
3 Well 0 Nil 0 Flat
6 1 ST2-G Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Stoniness 40 Hummock
7 1 ST2-G Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Flat
3 Well 0 Nil 0 Flat
8 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Hummock
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Block Treatment MPP VEG Soil Drainage Percent Site Percent of Relief
type Plot Sub type’ of plot on limitations site with
Plot haul trail limitations
7 Group 1 1 ST3 Poor 0 Moisture 0 Flat
2 Imperfect 0 Moisture 50 Hum/hollow
3 Imperfect 70 Moisture 60 Hum/hollow
2 1 ST2-G Well 100 Nil 0 Flat
2 Well 0 Nil 0 Hummock
3 Well 0 Slash 30 Hummock
3 1 ST2 Well 0 Nil 0 Hum/hollow
2 Well 20 Nil 0 Hum/hollow
3 Well 0 Nil 0 Hum/hollow
4 1 ST2-G Well 0 Nil 0 Flat
2 Well 0 Nil 0 Flat
3 Well 0 Stoniness 20 Hum/hollow
5 1 ST2 Well 0 Nil 0 Hum/hollow
2 Well 100 Slash 60 Flat
3 Well 0 Nil 0 Hummock
6 1 ST2 Well 0 Slash 50 Hummock
2 Well 40 Nil 0 Flat
3 Well 0 Nil 0 Hum/hollow
7 1 ST2-G Well 0 Nil 0 Hum/hollow
2 Well 0 Nil 0 Hummock
3 Well 0 Slash 40 Flat
8 1 ST3-G Imperfect 0 Stoniness 30 Hum/hollow
2 Imperfect 60 Slash 80 Flat
3 Imperfect 0 Nil 0 Hum/hollow
8 Clearcut 1 1 ST2 Well 0 Nil 0 Flat
2 Well 0 Nil 0 Hum/hollow
3 Imperfect 0 Nil 0 Flat
2 1 ST2 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Flat
3 Imperfect 60 Nil 0 Hummock
3 1 ST2-G Well 0 Slash 30 Hummock
2 Well 0 Slash 30 Hum/hollow
3 Well 0 Nil 0 Hummock
4 1 ST2-G Well 0 Nil 0 Hollow
2 Well 0 Slash 40 Flat
3 Well 0 Slash 20 Flat
5 1 ST2-G Well 0 Slash 30 Hummock
2 Well 0 Slash 40 Hum/hollow
3 Well 0 Nil 0 Flat
6 1 ST2-L Well 0 Nil 0 Hummock
2 Well 0 Slash 30 Flat
3 Well 0 Nil 0 Flat
7 1 ST2 Well 0 Nil 0 Hummock
2 Well 0 Nil 0 Hummock
3 Well 0 Nil 0 Flat
8 1 ST2-G Well 0 Slash 40 Hummock
2 Well 60 Slash 80 Hollow
3 Well 0 Slash 50 Hum/hollow

1 soil types ST 2: Fresh, Medium - Coarse Textured; ST 3: Moist, Medium - Coarse Textured. Suffix “G”- granite phase, “L " - loamy phase

(Keys, 2007)
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APPENDIX Il1: Legacy Trees
(status, height, doh measured July 2008)

Block Tree Species 2008 Height DBH Block Tree Species 2008 Height DBH
# Status (m) (cm) # Status (m) (cm)
2 1 Red Spruce live 19.7 49 5 1 Red Spruce cut 48
2 Red Spruce live 21.4 45 2 Red Spruce live 22.8 48
3 Red Spruce live 24.8 68 3 Red Spruce down 48
4  Sugar Maple live 15.2 51 4 Red Spruce live 21.3 68
5 Red Spruce live 21.4 53 5 Red Spruce live 21.6 64
6 Red Spruce live 23.2 67 6 Red Spruce live 21.2 43
7 Red Spruce live 20.9 44 7 Red Spruce live 23.4 45
8 Red Spruce down 52 8 Red Spruce live 19.2 44
9 Red Spruce snag 57 9 Red Spruce snag 66
10 Red Spruce live 18.6 48 10 Yellow Birch live 17.7 47
11 Red Spruce down 49 11  White Pine live 22.2 53
12  Yellow Birch live 19.2 49 12 Red Spruce live 22.1 62
Average 20.5 53 Average 21.3 53
Total basal area (m?/ha) 0.7 Total basal area (m?/ha) 0.7
Percent of initial basal area 1.5 Percent of initial basal area 1.7
4 1 Red Spruce live 20.4 42 7 1 Red Spruce down 48
2 Red Spruce live 24.3 48 2 Red Spruce live 18.9 43
3 Red Spruce live 21 49 3 Red Spruce live 20.3 50
4 Red Spruce live 20.1 50 4 Red Spruce live 17.3 45
5 Red Spruce snag 52 5  Yellow Birch live 17.8 44
6 Red Spruce live 23 51 6 Red Spruce live 21.7 53
7 Red Spruce live 23.4 51 7 Red Spruce live 20.7 43
8 Red Spruce down 43 8 Red Spruce cut 41
9 Red Spruce snag 46 9 Red Spruce live 22.4 53
10 Yellow Birch live 18.4 40 10 Yellow Birch live 18.3 57
11 Red Spruce live 23.6 58 11 Red Spruce live 21 54
12 Red Maple live 18.5 38 12 Red Spruce live 22.6 52
Average 21.4 47 Average 20.1 49
Total basal area (m?/ha) 05 Total basal area (m?/ha) 0.6
Percent of initial basal area 1.3 Percent of initial basal area 1.7
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APPENDIX IV: Erwin Diagramsfor Forest Research Inventory System (FRIYS)

MPPERI Gize 8.5 4L
MPP Data- FRIS
MultiFlot PSFs

June 7, 2006

Stand {A}

Subject Area
Project{code}
Sample Year
Stand Murnber

Laocatian

County {code COUNTY}

CLFS {not collected}

MapBaoaok Mumber

Ownercode {code OWNERCCODE!}
Gl3

Comments

Multiplot Permanent Plot ( MPP)

Keyd T4 Stand

Keyd 4 Plot

Keyb C3 SubPlat

Key? 3 Tree

Keyl T4 Legacy Tree #
Keyd C2 Age Mumhber

keyd C2 Treatment#

Plot{B}

Subject Area (FK)
Froject{code} (FK)
Sample Year (Fk)
Stand Mumber (FI)
Plot Murnber

SubPlat{C}

Subject Area FK)
Praject {code} (FK)
Sample Year (FK)
Stand Mumber (FK)
Plat Murmber (Fi
SubPlot Mumber

Witness Tree A
Withess Tree B
Witness Tree C
Withess Tree D
Declination {degrees}
Azimuth to A{degrees?}
o Distance to A{drm}

"| rear Established
Assessmeant Mumber
Cytle

Ay Bturnp Age

A Breast Ht Age

Treatments {G}

Subject Area (FK)
Froject{code} (FK)
Sample Year {FK)
Stand Mumber (Fl<)
Plaot Murmber (Fk)
Treatment Counter

‘Year Treated

Treatment {code TREATMENT}
Spacing

Basal Area Removal

Basal Area Residual
Fertilizer M

Fetilizer P

Fertilizer k

Treatrnent Comment

Azimuth to B {degrees}
Distance to B {dm}

Per Hectare Conversion Factar
Holes

#0f Trees Below BH

Present Spacing

Assessment Date

Tree {0}

Subject Area FK)
Praject {code} (FK)
Sample Year (FK)
Stand Mumber (FI)
Plat Murmber (Fky
SubPlot Mumber (Fk)
Trea Murmber

Status {code STATUS}
Species {code TREES)
DBEH

Dominance {code CROWRCLASS)
Crop Potential {code CROP}

Stern {code STEM}

Qrigin {code ORIGIN}

Darnage {code DAMAGE}

Percent Severity {code SEVER}
Fasition by trail {code POSITION}
Distance to trail {dm?}

Height {E}

Subject Area (FI)
Project{codel (Fky
Sample Year (FK)
Stand Murnber (FK)
Flot Mumber {FK)

SubPlat Mumber (FK)
Tree Mumber (FK)

Height {dm}
Condition {code COMDITION}

gLE;VE t Cornpetition crown interference {%)

S Decay (code DECAY}

Sail Type Tap Diameter {mm}

Stoniness Class

Cormments

|
*

Ages {F} Legacy Trees {H}
Subject Area (FK) Subject Area (FK)

Project {code} (FI)
Sample Year (FK)
Stand Mumber (FI)
Plot Murnber (FK)
SubPlot Mumber (Fk)
Age Mumber

Tree number {if farmerly a DBH tree}
L tree [N}

Stump Age Check

BH Age Check

Tree Height {dm}

DBH frrrn}

Stump Diameter {mm?}

38

Project{code} (FK)
Sample Year (FI)
Stand Mumher (FK)
Plot Murmber (Fk)
SubPlot Mumber (FK)
Legacy Tree Mumber

Species {code TREES}
DBH {rrrn}

Height {}

Status {code STATUS}

Decay class {code DECAY}
Damage {code DAMAGE}

Crown Height {dm}




APPENDIX IV (Cont’d)
Erwin diagram for FRIS

Vegetation (VEG)
WEG ER1 - Size 8.5x14L
Yegetation Survey Data - FRIS
Jan 28, 2003
Block {B}
KEYS Subject Area (FK)
keyd C4 Stand Project (FK)
keyd €2 Ht Clz Defn Stand {4} Sample Year (Fi0)
Keyd C3 Block - Stand Humber (FK)
keyE C2 Line PR it Block Mumber
Key? C3 Plat Project consigts of
Keyd C2 HiClass Sample Vear Crew
Keyd C2 Species Stand Mumber gssessrr:erd Date
Keyd C2 Tree Caunty {cade COUNTY} ikl
Location Marme
Plot Size {m2}
Comments
higs Ht Class Definitions {E}
Subject Area (FI)
Praoject (FK)
Sample Year (FR)
Stand Mumber (FK)
Height Class
Dezcription
Wed (HY
Subject Area (FI) Height Clags {3}
Project (FIK) ;
Sample Year (FK) SumEd Gre
Project (FK)
Stand Number (FK)
Sample Year (FK)
Block Mumber (FK)
i Stand Mumber (FK)
L Nemhgs (Eh Block Mumber (FK)
Plat Mumber (FK) may have hasz

Wy Counter

Height Claz= {code from {E1(FK)

Cover

Species Type TreezMeg [TH}
Species {code TREESAVEG)

Mumber of Stems {for Trees}

———— | ine Mumber (FK)

Plat Mumber (FK)
Height Class {code from {E}}

may have

Line {C}

Subject Area (FK)
Project (FK)
Sample Year (FK)
Stand Mumber (FI)

Block Mumber (FK)
Lire Mumber

Avg Class Height {om}
Light &wailability {%}
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haz
Tree Stocking {F}
Plat {D} Subject Area (FK)
Subject Area (FK) Project (FK)
Project (FK) Sample Year (FK)
Sample “ear (FIK) Stand Mumber (FR)
Stand Mumber (FK) Block Mumber (FIK)
Block Mumber (FK) Line Mumber (FK)
Lire Mumkber (FK) may have Plat Mumber (FK)
Plot Mumber M Tree Counter
Duff Thickness {cm} Species {code TREES})
Drainage Class {code} Height {cm}
Aspect {TH} Leader {cm}
Relief {code RELIEF } Distance {cm}
Slope % Compettion {code RANGES}
Qrigin {code ORIGING




APPENDIX 1V (cont’d)
Erwin Diagram for FRIS

Coarse Woody Debris (CWD)
CWD.ER1 -Size 8.46x14L _ Keys
Coarse Woody Debris - FRIS Keyd C4 Stand
May 24, 2006 Keya C2 Block
Keye C2 Plot
Key? C1 Line
Keyd C3 Plotdebris
Keyd C2 Line debris
Keyd C2 Snag debris Line Debis {E}
Plat {3 Subject Area (FK)
Stand {A} e e ——— i Project (FK)
Subject Area BM Suh_]ectArea (FK) e Transect{D} Sample Year (FK)
s : Project (FK) Subject Area (FK)
Project Subject Area (FI Sample Year (FK) Project (FK) Stand Number (Fk5
Sample Year Praject {Fk) ot SN bt (F 5 ! & r Block Mumber (Fl<)
Stand Number Sample Year (F) man il 2 ARl aaT e Flot Mumber (FK)
_ Stand Murnber (FK) B Ilamion ) SNt SRR A Line Mumber (FK)
Location has b e has ) PlotMurnber has g Black Mumber (FI MAYNENE o e e
County {code COUNTY} P P Transect Lengi 3 P_IotNumber(FK) -
Owner {code OWNERCODE} Ass_essmn_a_nt Date Unassessed {m) Line Mumber Spemes {code TREES}
lHAE B UMDE SMizerili s LC Species {TREES) Slope of Line Transect {%) Dy
Length af Transect{m} Block Comment LG Height{m} S e TraRSRE Lon gt Length {m}
Stand Comment —_— LC Age Angle {degrees}
Decay class {code DECAY}
Product{code PRODUCT}
may have
Plot Debris {F} Snag Debris {G}
Suhject Area (FK) Suhject Area (FK)
Project (FK) Project (FKG
Sample Year (FK) Sample Year (FK)
Stand Mumber (Fk) Stand Number (FK)
Block Mumber (FK) Block Mumber (FK)
Flaot Murmber (FK) Flot Murmbear (FK)
Debris counter Snag Dehris Counter
DehType {Code DEBRIS! Species {TREES}
Species {Code TREEES] Diameter {emyiz2
Decay Class {Code DECAY?} Decay {DECAY}
Base Diameter {cm} Top Diameter {cmi2
Top Diameter {cm} Snag Height{m}
Height {m} Comment
Product{Code PRODUCT}
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APPENDIX V: Permanent Sample Plot Coordinates
(UTM Nad83, Zone 20)

Block Plot Easting Northing Block Plot Easting Northing
1 1 428480 4964480 5 1 428677 4964327
2 428524 4964383 2 428722 4964282

3 428531 4964335 3 428765 4964245

4 428546 4964300 4 428734 4964352

5 428513 4964448 5 428783 4964314

6 428536 4964407 6 428821 4964274

7 428556 4964365 7 428760 4964414

8 428574 4964334 8 428808 4964373

2 1 428528 4964547 6 1 428832 4964163
2 428569 4964500 2 428886 4964115

3 428595 4964444 3 428874 4964161

4 428646 4964392 4 428948 4964120

5 428553 4964633 5 428857 4964220

6 428582 4964581 6 428895 4964227

7 428602 4964529 7 428912 4964192

8 428677 4964441 8 428913 4964139

3 1 428831 4964593 7 1 428866 4963887
2 428856 4964627 2 428911 4963863

3 428939 4964518 3 428924 4963808

4 428911 4964623 4 428950 4963783

5 428931 4964584 5 428969 4963721

6 428942 4964554 6 428903 4963915

7 428956 4964635 7 428970 4963810

8 428989 4964603 8 429011 4963748

4 1 428630 4964110 8 1 429007 4963958
2 428579 4964255 2 429030 4963912

3 428616 4964218 3 429042 4963857

4 428651 4964182 4 429051 4963980

5 428687 4964140 5 429059 4963924

6 428616 4964269 6 429081 4963999

7 428672 4964227 7 429098 4963957

8 428697 4964190 8 429093 4963880
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APPENDIX VI: Decay Classes

General Description of the Bole Appearance Used to Assess Five Stages of Decay

Freshly dead, bark intact, branches intact (including small), needle/leaf retention, bole
sound, bole raised off ground on branches

Beginnings of decay but rot not established in wood that was sound at time of death. Bark
mostly intact, branch stubs, bole not raised on branches, bole mostly sound

Rot becoming established. Bark loose and mostly flaked off, bole beginning to rot but
maintaining structural strength - round, straight, not sinking into ground

or
Mummified snag. Dry, hard, barkless rampike. Typical 1 or 2 decades following stand
initiating disturbance such as fire or budworm.

Advanced decay. Bark mostly absent, bole mostly decayed with some sound wood present.
Colonized with vegetation. Lacking structural strength - bole oval and bending to shape of
ground. Last stage for snags which will be rotted, wobbly, and could be easily pushed
over.

Rotted through, becoming humus. Sunken into mound on the ground, but retaining a
woody character, not yet part of forest floor.

TS
Dy

Aeria view of block 8 looking southwest toward block 7 - taken October 4, 2006
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(Prior to initial harvest in 2000)

APPENDIX VII: Density of Regeneration

Height Species 1 2 3 4 5 6 7 8 Average
Class Control Single Clearcut Single Group Control Group Clearcut
(cm)
1-5 Red Spruce 739,583 453,333 461,667 277,500 470,417 364,167 52,083 141,250 370,000
Balsam Fir 35,000 115,833 57,083 40,000 73,750 16,250 6,667 12,500 44,635
Yellow Birch 12,917 80,000 17,083 12,500 17,917 5,833 2,917 17,083 20,781
Red Maple 11,667 5,833 13,333 11,667 13,750 5,833 19,167 14,167 11,927
SubTotal 799,167 654,999 549,166 341,667 575,834 392,083 80,834 185,000 447,344
6 -30 Red Spruce 5,833 18,750 0 1,667 417 2,500 417 0 3,698
Balsam Fir 3,750 417 0 833 0 1,250 5,833 0 1,510
Red Maple 2,917 833 0 833 417 0 2,083 0 885
Largetooth Aspen 0 0 0 417 0 0 0 0 52
SubTotal 12,500 20,000 0 3,750 834 3,750 8,333 0 6,146
31-130 Red Spruce 0 1,250 833 0 0 417 5,416 0 990
Balsam Fir 417 5,833 4,583 30,000 833 15,833 33,750 4,167 11,927
Red Maple 0 0 0 417 417 1,667 0 0 313
SubTotal 417 7,083 5,416 30,417 1,250 17,917 39,166 4,167 13,229
131-400 Red Spruce 46 93 93 279 232 464 882 186 284
Balsam Fir 0 372 1,950 2,043 325 1,300 1,950 697 1,080
SubTotal 46 465 2,043 2,322 557 1,764 2,832 883 1,364
401-700 Red Spruce 372 93 232 279 0 325 232 418 244
Balsam Fir 46 279 93 46 0 46 186 139 104
SubTotal 418 372 325 325 0 371 418 557 348
> 700 Red Spruce 139 186 46 139 418 232 0 93 157
Balsam Fir 0 139 46 93 232 0 0 0 64
Yellow Birch 46 0 0 0 0 0 0 0 6
SubTotal 185 325 92 232 650 232 0 93 226
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APPENDIX VIII: Average Cover of Vegetation

(By species and height class prior to treatment in 2000)

Height Class
0-5cm 6-30cm 31-130cm
Species Mean Species Mean Species Mean
cover cover cover
(%) (%) (%)
Three-lobed bazzania 10.73 Bunchberry 0.15 Bracken fern 0.23
Schreber’'s moss 5.05 Sarsaparilla 0.08 Cinnamon fern 0.05
Broom moss 3.39 Painted trillium 0.04
Braided moss 2.73 Rose twisted stalk 0.03
Stair step moss 2.08 Indian cucumber root 0.03
Sphagnum 0.91 Wood sorrel 0.03
Fern moss 0.28 Sedge 0.03
W avy dicranum 0.16 Starflower 0.03
Haircap moss 0.15 Wild lily of the valley 0.02
Shaggy moss 0.11 Ground pine 0.02
Plume moss 0.02 Indian pipe 0.01
Cup lichen 0.09 Cinnamon fern 0.08
Mnium 0.01 New York fern 0.08
Wood sorrel 0.27 Hay scented fern 0.06
Goldthread 0.20 Bracken fern 0.05
Wild lily of the valley 0.13 Wood fern 0.03
Partridgeberry 0.02 Blueberry 0.06
Painted trillium 0.02 Lambkill 0.01
Starflower 0.02
Indian cucumber root 0.02
Rose twisted stalk 0.01
Blue bead lily 0.01
New York fern 0.01
Wood fern 0.01
Blueberry 0.01
Total 26.44 0.84 0.28
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