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Introduction

In September of 1997 a field research study was initiated on the Queen Charlotte Islands to determine
the effectiveness and economic net present value of four different commercially available deer browse
barrier products.  The deer browse barriers assessed are the Growcone® tube, the Sinocast® tree
shelter cone, the Sweetwood® metal cage, and the Vexar® mesh tube.

The Queen Charlotte Islands experience extremely high deer browse pressure, particularly, on western
redcedar (Thuja plicata), which is the focus of this research project.  Black-tailed deer (Odocoileus
hemionus) is an introduced species on the islands, it has no natural predators, and population densities
are very high.  Regeneration of redcedar without protection, either naturally or through planting, meets
with little success.  The unprotected regeneration success is better in those areas with high hunting
pressure.  In the cedar-salal ecosystem it is necessary to achieve rapid stand initiation and site
occupancy to ensure plantation success.  This has been difficult to date, as the deer have negatively
impacted reforestation efforts.  The long-term objective of this research project is to compare which
browse barrier technology will most effectively protect redcedar seedlings through to free growing and
at the lowest cost.

The redcedar seedlings in this study have not yet been determined to be free growing from browse.  It
is expected that most of the trees will achieve this status in the 2000 year growing season.  This report
is submitted in agreement with the terms of the completion of the South Morseby Forest Replacement
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Account program.  It is expected that additional data collection will be undertaken in the 2000 year
growing season and that a full evaluation of the browse protection will be made in a year’s time.  This
further analysis will likely refine our conclusions and recommendations particularly related to the need
for removal of browse barriers.

To date the seedlings and their browse protectors have been maintained and monitored until the trees
are almost growing free of browse damage.  A detailed record of the associated costs and production
levels of the installation and maintenance allows a comparative analysis of the browse barrier
technology.  Any limitations encountered with the browse barrier products are identified and detailed.
All the study sites were planted with western redcedar seedlings in the spring of 1997, and operational
browse barriers were was installed at that time.  During September 1997 the research replicates were
established, and the browse barriers were reorganised to facilitate the study.

 The data collected to date demonstrates the effectiveness of each browse barrier product to protect
western redcedar seedlings.  Additionally, the maintenance regime involved with each product, and
economic net present value of each product is reported.

In this summary report, a guide for operational forestry staff is presented.  Site specific characteristics,
damage agents, and related deer browse pressure on each site is identified.  Damage incidence and
type, related to each barrier product is explored in relation to barrier performance concurrent to
maintenance requirements.  Seedling performance and health is discussed, and analyzed in relation to
the different barriers.  In addition, the growth limiting factors of disease and competing vegetation
ingress is examined.

Methods

Sample Design:

Study Site Design & Location Rationale

The deer browse barrier assessment study design was modelled after Schaap and DeYoe (1982).  This
method of arranging the different browse barriers in sites, replicates and cluster plots ensures that
barriers are evaluated through a wide range of environmental challenges, and that there is minimum
bias associated with data collection.

Prior to establishing the field research sites, a meeting was conducted among experienced operational
forestry staff on the Queen Charlotte Islands to determine the technical measurement standards for the
project.  At this time, the types of sites to be tested, browse barrier products to be tested, methods of
their installation, and maintenance regimes were also determined.  Based on these standards, the sites
were maintained and monitored for browse barrier effectiveness and overall costs each year throughout
the duration of the study.

Three large sites were selected from Weyerhaeuser (TFL 39) and J.S. Jones (TFL 47) tenure lands
which are representative of areas of the Queen Charlotte Islands known to have very high deer browse
pressure, and challenging climatic conditions.  All the study sites were planted with western redcedar
seedlings in the spring of 1997, and operational browse barriers were installed at that time.
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Within each study site there are three, 2-3 hectare replicate areas.  Within each replicate there are 18
cluster plots of replicated browse barrier products, and unprotected control trees.  Each plot contains
three randomly distributed replicates of each browse barrier type, including controls.  During
September 1997 the research replicates were established under the supervision of the project team.  The
field crew removed existing browse barrier products and replaced them with the selected browse barrier
products.

Study Site Assessment & Repair Strategy

Assessment
It was determined that the study sites would be assessed twice yearly, in the spring and fall.  Utilizing
this strategy allows the spring visit to capture the over-winter browse and barrier damage, and the fall
visit measures the results of that year’s growing season.  Refer to Appendix 1 for detailed assessment
criteria and explanations.

Development of the repair strategy
During the initial meeting with the various stakeholders and operational personnel it was determined
that any maintenance or repairs which the barriers required would only be conducted once annually in
the spring.  This period was selected because the greatest intensity of biotic and abiotic damage causing
agents occurs over the winter period.  This strategy ensures that the seedlings and barriers were well
prepared for the growing season.

To accurately collect repair data in the least complex fashion, the following strategy was developed and
implemented.
Three degrees of repair complexity were identified:
� firm stake,
� repair or replace stake, and
� complete barrier repair
(See Appendix 1: Survey Definitions and Assumptions for complete definitions).  These three repair
categories were then standardized for the time required to complete the repair for each barrier type
(Table 1).  A range of repair times was created to reflect the range of repair types encountered as each
barrier type has different repair requirements, and levels of repair complexity.  These times were
individually measured with a stopwatch initially to develop subsequent standardized time requirements.
For example, pounding down the stake on a tube or mesh barrier to firm it takes about 30 seconds,
whereas, firming the stakes on a cone or cage take about a 1 minute as there are usually two stakes, and
two metal rings for the cone, to adjust.  Included in the total repair time is the task of identifying a
barrier as requiring repair that may consist of a visual or physical examination.

Table 1 Range of repair times encountered for the various barrier types.

Repair Time Range by Barrier Type (Mins.)
Repair Type Vexar Tube Cone Cage

Firm Stake 0.5 1
Repair or Replace Stake 1 3
Complete Repair 3 5
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Study Site Physiography:

Block L-306

Block L-306 is located on Louise Island in Weyerhaeuser’s TFL 39. The opening is geographically
located in the CWH wh1 (Submontane Wet Hypermaritime) variant, and is generally flat at
approximately 50m in elevation.  The block is 21ha in size, and is approximately square in shape.  An
area near the centre of the block has been selectively harvested leaving 200sph residual growing stock,
and the remainder of the block has been clear-cut.  First growth forest surrounds the opening on all
sides; however, large areas of contiguous early seral forests do exist outside the block boundary.

The three study replicates are located on three separate areas of the opening.  The replicates are
representative of the 01s (HwSs – Lanky Moss, salal phase) site series, the wetter 04 (CwHw – Salal)
site series, and still wetter the 10 (CwYc – Goldthread).  On the edatopic grid this represents 3-4, A-B;
5, A-B; and 6-7, A-B respectively.  A complex of the site series exists in some areas, expressed as
01s/04 and 04/10 (Green and Klinka, 1994).  Heavy salal (Gaultheria shallon) cover exists on the
replicate representative of the 04 site series.  The other replicates have moderate to low salal cover at
this time.

Block L-306 is exposed to extreme south-easterly, and north-westerly storm winds.  This creates
conditions, which are challenging to the establishment and maintenance of browse barrier products.
Other than significant deer browse pressure, no major limitations to conifer growth exist on this block.

Site productivity for western redcedar, as expressed by site index, ranges from 15-21m at 50 years of
age, or expressed as site index classes this site ranges from Class 2 to Class 3 (Mitchell and Polsson
1988).  Thus, on average the replicates are a zonal representation for western redcedar sites on the
Queen Charlotte Islands.  This site is representative of remote coastal locations on the Queen Charlotte
Islands.

This site was fertilized with “tea-bag” type fertilizer packs at the time of operational planting.  This
increased the initial growth of the seedlings, and may result in longer term productivity increases.

Block 14K/1

Block 14K/1 is located on Moresby Island near Gray Bay on J.S. Jones’ TFL 46.  The opening is
geographically located in the CWH wh1 (Submontane Wet Hypermaritime) variant, and ranges from
75 to 175m in elevation with sloping, gently rolling topography.  Block 14K/1 is approximately 40ha in
size, and is irregularly shaped composed of long narrow fingers and larger more circular openings.
Riparian reserves, and leave strips separate and intersect the opening.  First growth forest surrounds the
opening on all sides, however, at least 350ha of contiguous early seral forests, 5-20 years old, are
adjacent to the north-west edge of the block outside of the 400m-leave strip.  The three study replicates
are located on three separate areas of the opening and all are adjacent to the block boundary.  The
replicates are representative of the zonal 01s (HwSs – Lanky Moss, salal phase) site series, and the
wetter 04 (CwHw – Salal) site series.  On the edatopic grid this represents 3-4, A-B and 5, A-B
respectively (Green and Klinka, 1994).  A complex of the two site series exists in some areas.
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Moderate mounding exists on all replicates, and planting prescriptions called for planting the higher,
drier ground.  Heavy cover of salal exists on all of the replicates.

The major limitations to conifer growth and establishment on this site are competing salal, and
restricted rooting depth.  The rooting zone ranges from 10-40cm in depth.  Below this level lies an
impermeable compact silt layer which overlies bedrock.  The forest floor can be classified as a
lignomor, which is mor humus form composed largely of decaying wood.  This creates a high level of
competition in the root zone for nutrients, as well as moisture during the drier months.  Wind velocity
on this block does not appear to be a major damaging agent, and most of the setting is located on the
leeward side of the coastal rise.

Site productivity for western redcedar, as expressed by site index, ranges from 15-21m at 50 years of
age, or expressed as site index classes this site ranges from Class 2 to Class 3 (Mitchell and Polsson
1988).  Thus, on average the replicates are a zonal representation for western redcedar sites on the
Queen Charlotte Islands.  This block is representative of Cedar-Salal sites, which are common, on the
Queen Charlotte Islands.

Block 104/6

Block 105/8 is located on Moresby Island in the Deena Valley on J.S. Jones’ TFL 46.  The opening is
geographically located in the CWH wh1 (Submontane Wet Hypermaritime) variant, and the CWH wh2
(Montane Wet Hypermaritime) variant.  However, all replicates are located within the lower elevation
CWH wh1.  Elevation of the opening ranges from 150 to 400m with steep sloping, gullied topography
intersected by benches.  Block 105/8 is approximately 90ha in size, and is roughly rectangular in shape.
Gullies and streams bisect the opening in numerous locations.  First growth forest surrounds the
opening on three sides, however, contiguous early seral forests, 5-20 years old, are directly adjacent to
the lower edge of the block.  The three study replicates are located on three separate areas of the
opening, on the lower sloping benches.  The replicates are representative of the 01 (HwSs – Lanky
Moss) site series, and the wetter 04 (CwHw – Salal) site series.  On the edatopic grid this represents 3-
4, A-B and 5, A-B respectively (Green and Klinka, 1994).  A complex of the two site series exists in
some areas, expressed as 01/04.  Salal is not common anywhere on the block.  Moderate mounding
exists on all replicates, and planting prescriptions called for planting the higher, drier ground.
Additionally, only one of the replicates is adjacent to the block boundary, however, the other two
replicates are within close proximity to the block boundary.

A major constraint to the establishment and growth of conifer seedlings on this setting involves the
limited rooting zone depth of 5-25cm.  Rooting is limited by the underlying soil horizons, and the
groundwater movement, which occurs at the interface of the forest floor and the Bfg layer below.  The
underlying soil horizons below the forest floor are dense and massive, consisting of iron rich
compacted morainal till.  These soil conditions negatively effect the establishment and maintenance of
the browse barriers.  High velocity winds also frequent this setting, greatly compounding the difficulty
of maintaining the browse barriers.

Site productivity for western redcedar, as expressed by site index, ranges from 15-21m at 50 years of
age, or expressed as site index classes this site ranges from Class 2 to Class 3 (Mitchell and Polsson
1988).  Thus, on average the replicates are a non-salal, zonal representation for western redcedar sites
on the Queen Charlotte Islands.
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Barrier Type & Installation Protocols:

The following describes the chosen browse barrier products and the methods of installation.

Vexar® Mesh:

Barrier Description:
This product is a cylindrical 3-inch diameter plastic mesh barrier and it has no intrinsic support.  It has
a UV rating of 5 (5 000 hours of sunshine), and can be expected to start becoming brittle and breaking
down after about 3 years at Sandspit (Environment Canada, 2000).  Sandspit receives an average of
1495.8 hours of sunshine each year.  For the purposes of this study, the blue, 3-foot model with 1-inch
mesh was employed.

Installation Protocol
Installation of a Vexar® mesh tube requires: one 48-52 inch x 0.75 inch sharpened cedar stake, and 3
zip ties.  Vexar® tubes are shipped as 10 nested units, and are ready to install.  The stake must be
pounded into the ground at least 12 inches, or one-third the length of the stake, on the windward side of
the seedling.  The zip ties must be fastened so that the clasp rests on a corner of the stake upon
tightening.  This configuration makes the zip ties most resistant to slipping or becoming loose.  The
three zip ties should be evenly spaced, thus, preventing the bottom from being lifted, and the top end
from collapsing.  This prevents the deer from lifting the bottom of the tube to browse on the seedling,
and the wind from folding over the top of the tube.  Once the installation is complete the stake should
firmly resist movement in all directions.

Growcone® Tube:

Barrier Description:
This product is an extruded cylindrical, 3-inch diameter, plastic barrier that strongly resists
deformation.  The plastic is low-density polyethylene.  It has a UV rating of 6000 hours of sunshine,
and can be expected to start becoming brittle and breaking down after about 4 years at Sandspit
(Environment Canada, 2000).  For the purposes of this study, the 4-foot model tube with multiple 0.5-
inch ventilation holes was employed.

Installation Protocol
Installation of a Growcone® tube requires one 48-52 inch x 1 inch sharpened cedar stake, and 3 zip
ties.  Growcone® tubes are shipped as 40 bundled units, ready to install.  The stake must be pounded
into the ground at least 12 inches, or one-third the length of the stake, on the windward side of the
seedling.  The zip ties must be fastened so that the clasp rests on a corner of the stake upon tightening.
The three zip ties should be evenly spaced, thus, preventing the bottom from being lifted, and the top
end from collapsing.  This prevents the deer from lifting the bottom of the tube to browse on the
seedling, and the wind from folding over the top of the tube.  Once the installation is complete the
barrier should firmly resist movement in all directions.
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Sinocast® Cone:

Barrier Description:
The Sinocast® cone is constructed in a hexagonal pyramid shape, 8 inch bottom diameter, and made of
corrugated plastic, consisting of dilouryl thiodipropionate with UV stablizers.  It is expected to endure
1400 sunshine hours per year for 5- 6 years.  They are shipped flat.  Each barrier is provided with two
metal brackets to maintain the shape.  Once erected they have limited intrinsic support.  For the
purposes of this study, the 4-foot model cone, with multiple 1-inch ventilation holes was employed.

Installation Protocol
Installation of a Sinocast® cone with its two metal brackets requires two 48-52 inch x ¾ inch
sharpened cedar stakes.  Sinocast® cones are shipped flat and must be expanded into shape, and the
bottom tabs flared out.  The stakes must be pounded into the ground on either side on the cone at an
angle equal to the conical plane.  The stakes must penetrate the ground at least 12 inches, or one third
the length of the stake, preferably in-line with the windward plane of the seedling.  The lower metal
bracket is then lowered into place, followed by the upper metal bracket.  Once both brackets are in
place the entire assembly is torqued, by pounding the stakes until the structure is rigid.  Once the
installation is complete the barrier should firmly resist movement in all directions.

Sweetwood® Cage:

Barrier Description:
The Sweetwood® cage is constructed of galvanized wire mesh, which is joined at the ends to form a
12-inch diameter cylinder.  They are shipped compressed (flat) and once erected strongly resist
deformation.  For the purposes of this study, the 4-foot model cage with 2 x 2-inch wire mesh was
employed.

Installation Protocol:
Installation of a Sweetwood® metal cage requires two 48-52 inch x 1 inch sharpened cedar stakes, and
three zip ties per stake.  Sweetwood® cages are shipped flat and must be expanded into shape before
installation.  Depending on the ground, either one or two stakes are required for a firm installation.  The
first stake is driven into the ground a minimum of 12 inches, or one-third the length of the stake.  The
cage is then centred over the seedling, and then the cage is affixed to the stake.  In order to achieve
proper hold on the stake, the zip ties must incorporate two vertical rows, and one horizontal row of
wire.  The zip ties must be fastened so that the clasps rest on a corner of the stake upon tightening.
Once the zip ties are tightened, the stake is further pounded into the ground to torque the barrier.  A
second stake is added to augment the rigidity and prevent the deer from pushing the cage laterally.
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Results

Barrier Performance:

This section examines the effectiveness of each barrier’s browse protection capabilities, and comments
on the growth characteristics of seedlings within each barrier.  See Appendix 2: Seedling Health
Tables, for detailed information regarding seedling total height and root collar diameter, and chlorosis
and vigor levels.  See Appendix 3: Browse Incidence Tables for detailed browse information by each
block.

In the following descriptions of browse incidence the numeric standards of browse intensity are low
browsing = 1, moderate = 2, high = 3, extreme = 4 and seedling pulled out = 5.

Vexar® Mesh

It was found that installation of this barrier can be accomplished in almost all planting mediums, and
planting microsites without great difficulty, and in a timely fashion.

Browse Protection
The barrier adequately conceals the seedling (primarily due to its blue colour), provided that the
seedling remains within the confines of the mesh (Table 2).  However, as the seedling grows, more and
more foliage emerges from the mesh barrier and attracts deer increasing its susceptibility to browse.

Table 2 Cumulative frequency distribution of deer browse incidence attributed to the Vexar® mesh
barrier over time, n= number of observations.  Lateral and leader browse incidence is rated 0 through 5,
as per the definitions laid out in Appendix 1.

Lateral browse intensity
0 1 2 3 4 5 n=

0 1276 302 15 0 0 0 1593
1 24 182 30 1 1 0 238
2 3 76 24 5 0 0 108
3 0 0 0 1 0 0 1
4 0 0 0 0 3 0 3
5 0 0 0 0 0 0 0Le
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ity

n= 1303 560 69 7 4 0 1943

Growcone® Tube

It was found that installation of this barrier can be accomplished in almost all planting mediums, and
planting microsites without great difficulty, and in a timely fashion.

Browse Protection
The barrier conceals the seedlings well from the deer (Table 3).  The silhouette of the seedling is
obscured, and very little foliage emerges from the tube.  Furthermore, the barrier is tall enough to
prevent the leader emerging from the barrier to be browsed.  The exception to this fact is where a
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barrier is adjacent to some object, such as slash or stumps, which enables the deer to gain a height
advantage.  This barrier effectively eliminates the threat of deer browse from seedlings when installed
and maintained properly.

Table 3 Cumulative frequency distribution of deer browse incidence attributed to the Growcone® tube
barrier over time, n= number of observations.  Lateral and leader browse incidence is rated 0 through 5,
as per the definitions laid out in Appendix 1.

Lateral browsing intensity
0 1 2 3 4 5 n=

0 1768 120 0 0 0 0 1888
1 16 10 1 2 0 0 29
2 1 10 0 7 2 0 20
3 0 0 0 3 1 0 4
4 0 0 0 0 3 0 3
5 0 0 0 0 0 0 0Le
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ity

n= 1785 140 1 12 6 0 1944

Sinocast® Cone

It was found that installation of this barrier on all but flat, open ground is difficult and time consuming.
Roots, brush, slash, and uneven ground contribute difficulty in this installation and decrease
productivity and stability.

Browse Protection
This barrier seems to conceal the seedling from the deer marginally.  The silhouette of the seedling is
somewhat obscured, but lateral foliage has a strong tendency to emerge from the large ventilation holes
of the cone attracting the attention of the deer.  From the frequency distribution table (Table 4) it is
clear that a range of browse incidents have occurred.

Table 4 Cumulative frequency distribution of deer browse incidence attributed to the Sinocast® cone
barrier over time, n= number of observations.  Lateral and leader browse incidence is rated 0 through 5,
as per the definitions laid out in Appendix 1.

Lateral browsing intensity
0 1 2 3 4 5 n=

0 1587 183 2 1 0 0 1773
1 26 44 12 4 0 0 86
2 2 10 6 16 0 0 34
3 0 0 0 19 13 0 32
4 0 0 0 1 15 0 16
5 0 0 0 0 0 2 2
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ity

n= 1615 237 20 41 28 2 1943
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Sweetwood® Cage

Installation of this barrier was found to be difficult in slashy areas, or where brush cover is high.  The
bottom of the cage can be formed to any surface contour with a little work.  However, this barrier is
labour intensive to install and productivity is low, especially in slashy areas and heli blocks.

Browse Protection
This barrier does not conceal the seedling from the deer, and some lateral foliage emerges from the
wire mesh.  Prior observation indicated that deer, seeing the seedling in a cage, would push the cage
laterally to get at the seedling.  For this reason two stakes were used to secure the cage.  When installed
properly the barrier resists most efforts of the deer to browse the foliage within the barrier.  The height
of this barrier is a great advantage and seedlings protected by this barrier rarely have their leader
browsed.  Lateral browse is low (Table 5).

Table 5 Cumulative frequency distribution of deer browse incidence attributed to the Sweetwood®
cage barrier over time, n= number of observations.  Lateral and leader browse incidence is rated 0
through 5, as per the definitions laid out in Appendix 1.

Lateral browsing intensity
0 1 2 3 4 5 n=

0 1363 457 21 0 0 0 1841
1 8 40 10 2 0 0 60
2 1 8 7 5 1 0 22
3 0 0 1 7 4 0 12
4 0 0 0 0 5 0 5
5 0 0 0 0 0 2 2Le
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n= 1372 505 39 14 10 2 1942

Control Trees:

Browse

Control trees were severely affected by browse (Table 6).  Over the two years in which the control trees
were measured, they exhibited a net total height increment of 0.5cm. On blocks L-306 and 104/6 the
total height measurement for the seedlings actually decreased over time.  Root collar diameter
increased over time on all blocks, but the largest increase occurred in Block 14K/1.  Other than the
control trees in the 0-2 browse level category, about 30% of the total control trees, none can be
considered to be crop trees.
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Table 6 Cumulative frequency distribution of deer browse incidence attributed to the control trees over
time, n= number of observations.  Note that the heavy outlining in the upper left hand corner of the grid
represents those trees which could be considered as crop trees. Lateral and leader browse incidence is
rated 0 through 5, as per the definitions laid out in Appendix 1.

Lateral
0 1 2 3 4 5 n=

0 253 38 9 0 0 0 300
1 29 133 151 129 3 0 445
2 7 56 172 170 10 0 415
3 0 0 67 240 84 0 391
4 0 0 1 63 302 0 366
5 0 0 0 0 0 19 19

Le
ad
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w

si
ng
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ns
ity

n= 289 227 400 602 399 19 1936

Repair Frequency and Type:

Vexar® Mesh

The Vexar® mesh barrier encountered very little damage, and required very little maintenance over
time (Table 7).  Isolated incidences of deer damage were experienced and usually occurred adjacent to
deer trails, or resulted from deer attempting to lift the bottom of the mesh to access the seedling.
Additionally, the Vexar® have a small wind-swept area limiting the effect of the wind damage.  The
most common form of maintenance required with the Vexar® mesh barrier was a stake firm up.

Growcone® Tube

Wind was the greatest damage agent, which caused the stakes of some tubes to loosen requiring the
stake to be firmed up (Table 7).  However, this did not greatly affect their performance, and the
seedlings remained adequately protected.  Isolated incidences of deer damage were experienced, and
this usually occurred on or adjacent to deer trails.

Sinocast® Cone

The Sinocast® cone was greatly affected by wind and deer damage, in order of abundance (Table 7).
This damage reduced the effectiveness of barriers to protect seedlings.  Often the wind caused the cone
to implode, which eliminated the tension required to keep the barrier erect.  The incidences of deer
damage usually occurred on or adjacent to deer trails, or were the result of antecedent wind damage.
The barrier has a relatively large wind-swept area that contributes to its susceptibility to wind damage.
This product was by far the most repair intensive barrier.
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Sweetwood® Cage

Deer were the greatest cause of damage to this product, with a majority of the damage occurring from
deer attempting to lift the bottom of the cage to access the seedling (Table 7).  However, this form of
damage did not greatly affect the performance of the cage, and the seedlings remained adequately
protected.  Additionally, there were incidences of rutting bucks using the cages to vent aggression, or
mark territory, resulting in flattened and knocked-over barriers.  Isolated incidences of wind damage
occurred on very exposed ridges, and gully edges.  This damage typically occurs in conjunction with
thin or saturated soil conditions.  Proper installation and suitable ground conditions are critical to the
success of this barrier.  Most of the damage to this barrier was on Block 105/8, where the soil depth is
thin.

Table 7 Repair frequency and type by block and protector type (May 1999 results, see Appendix 4 for
April 1998 results)

Economic Costs:

Assumptions

A set of assumptions was developed to determine the economic costs of transport, installation, and
maintenance of the barriers.  These costs are not necessarily the same costs as incurred during the
project.  The assumptions are as follows:

Block Replicate No. Time No. Time No. Time No. Time
105/8 1 3 7 2 6 14 46.5 22 58

2 3 7 5 6.5 14 37 21 59
3 1 1 3 2 27 65 10 22

Total No.: 7 15 10 14.5 55 148.5 53 139
Incidence %: 4.3% 6.2% 34.0% 32.7%

.
14K/1 1 0 0 3 5 7 13 2 6

2 1 1 1 0.5 16 36 0 0
3 3 3 7 8 24 50 2 6

Total No.: 4 4 11 13.5 47 99 4 12
Incidence %: 2.5% 6.8% 29.0% 2.5%

L-306 1 1 1 6 13.5 12 10 3 13
2 5 5 6 13 11 41 1 5
3 0 0 1 1 4 6 1 3

Total No.: 6 6 13 27.5 27 57 5 21
Incidence %: 3.7% 8.0% 16.7% 3.1%

All block Results (May 99):
Totals: 17 25 34 55.5 129 304.5 62 172

Ave. Total: 5.7 11.3 43.0 20.7
Average Incidence %: 3.5% 7.0% 26.5% 12.8%

CageVexar Tube Cone
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Purchase and Transport:
� Barrier purchase cost is based on the “best available” price, FOB Queen Charlotte Islands, for at

least 10,000 units.
� Installation equipment includes the cost of zip ties (where applicable) and stakes, FOB Queen

Charlotte Islands for 10 000 barriers.
� Transport cost for 10 000 barriers and materials from QCI to the block was calculated using the

following:
� $300.00 per man day (10 hours per man day);
� Two man team;
� $110.00 per day truck costs;
� Pickup truck payload: 7.25m3;

� Travel is 2.0 hours. from yard to block;
� Loading and unloading requires 1 hour per trip;
� Three trips per day are possible; and
� Total cost per day is then $710.00.

Installation:
� Productivity rate assumes a variety of land types and assumes baseline productivity.
� Estimates are built upon the following:

� Work period of 8 hours with two travel hours;
� Calculated using average installation time per unit for one experienced & competent person.

Note: Some increases in productivity, up to 20% over what is reported here, are likely if a team
system is employed.

� Cost per man day is $300.00
Maintenance:
� Maintenance time was calculated from the all block average of the measured repair times over the

two repair periods, April 98 and May 99.
� Extrapolated maintenance costs are based upon $300.00 per man day (8 hours of work) for a

dedicated repair crew using the following formula:
10 000 barriers / 162[number of barriers per type] X [all block average repair time for barrier type] / 60 minutes/hr / 8

hours per day) X  $300 per man day

The cost of allowing the crew to travel to and from the block is not included in this analysis since,
in many cases, the crew would be doing other operations at the block during the maintenance.

� Total maintenance cost is the addition of April 99 and May 99 repair periods.
Net Present Value:
� Net present value was calculated using a 4.5% annually compounded interest rate.  It estimates the

cost in year 0 of purchasing the barriers and materials, transporting them to the site and installing
them; and then maintaining the barrier in the following years discounted to year 0.

The following are tables (Tables 8 – 11) with the estimated costs and net present values:
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Vexar® Mesh

Summary of costs (Table 8):

Units Total costs

Price per barrier (in QCI) $0.45
Price per 10,000 units $4 500
Other material cost per unit (in QCI) $0.60
Other material for 10,000 units $6 000
Transportation to block $475
Installation productivity per day 160 units
Installation cost for 10 000 units $18 750

Subtotal: $29 725
Yr 1 maintenance discounted cost $351
Yr 2 maintenance discounted cost $883

Subtotal: $1234
Total Net Present Value: $30 959

Growcone® Tube

Summary of costs (Table 9):

Units Total costs

Price per barrier (in QCI) $1.70
Price per 10,000 units $17 000
Other material cost per unit (in QCI) $0.70
Other material for 10,000 units $7 000
Transportation to block $4 260
Installation productivity per day 120
Installation cost for 10 000 units $25 000

Subtotal: $53 260
Yr 1 maintenance discounted cost $2 271
Yr 2 maintenance discounted cost $1 960

Subtotal: $4 231
Total Net Present Value: $57 491
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Sinocast® Cone

Summary of costs (Table 10):

Units Total costs

Price per barrier (in QCI) $2.10
Price per 10,000 units $21 000
Other material cost per unit (in QCI) $0.90
Other material for 10,000 units $9 000
Transportation to block $900
Installation productivity per day 96 units
Installation cost for 10 000 units $31 200

Subtotal: $62 100
Yr 1 maintenance discounted cost $14 837
Yr 2 maintenance discounted cost $10 758

Subtotal: $25 595
Total Net Present Value: $87 696

Sweetwood® Cage

Summary of costs (Table 11):

Units Total costs

Price per barrier (in QCI) $1.84
Price per 10,000 units $18 400
Other material cost per unit (in QCI) $1.55
Other material for 10,000 units $15 500
Transportation to block $1 020
Installation productivity per day 80 units
Installation cost for 10 000 units $37 500

Subtotal: $72 420
Yr 1 maintenance discounted cost $2 289
Yr 2 maintenance discounted cost $6 077

Subtotal: $8 366
Total Net Present Value: $80 786
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Discussion

Barrier Performance:

Stakes:

Stake quality is an important component of protector performance, and the use of good quality stakes is
recommended.  Knot-free 0.75 inch x 48 - 52 inch cedar (kept dry) provide good strength to weight
ratio and are recommended for light weight barriers, such as mesh.  Heavier barriers or rocky soils
require 1-inch fir or pine.  To ensure proper installation of the Sweetwood® cage two opposing stakes
are needed to prevent deer from laterally pushing the cage to get at the seedling.  Knotty or finger-joint
stakes are commonly prone to premature failure.

Browse Protection:

All barriers provided some degree of browse protection.  In order of browse protection effectiveness
the barriers rank as follows:

1. Growcone® tube
2. Sweetwood® cage
3. Sinocast® cone
4. Vexar® mesh

The preceding assessment is based on total browse incidence across all collected data, and values
leader browse protection higher than lateral browse protection.  Leader browse, obviously, is more
damaging to a seedling's establishment and escape from subsequent browse than lateral browse.  The
affect of the barrier design on the growth of the laterals and leaders is also considered.  See Appendix 3
for detailed browse incidence information.

Growcone® tube barriers effectively eliminated the threat of deer browse from seedlings.  This barrier
consistently had the lowest deer browse incidence attributed to it across all the study sites.  About 98%
of the study trees with tubes could be considered crop trees after three years growth.  Without barrier
maintenance over those three years at least 90 – 95% of the trees would have qualified as crop trees.
The combination of excellent visual screening and foliage containment results in the effectiveness of
this product.  This barrier had the lowest browse incidence rating attributed to it on both leader and
lateral measures.  It is very likely that this version of the barrier will require removal to ensure the free-
growing status of the seedlings and it may be worthwhile to investigate to possibility of recycling these
barriers upon removal.

Sweetwood® cages provided excellent browse protection on blocks 14K/1 and L-306.  However, on
thin soils, encountered on block 105/8, installation of this barrier was compromised.  About 90 – 95%
of the study trees with cages could be considered crop trees after three years growth.  Without barrier
maintenance over those three years about 80 – 85% of the trees would have qualified as crop trees.  If
the 105/8 block trees were excluded from this estimation the result would be about 95% qualifying as
crop trees.  Because the cage provides no visual screening of the seedling, deer attempt to browse the
seedlings within cages more aggressively.  Thus, proper installation is imperative to the success of this
barrier.  On block 105/8 acceptable installation was not possible in all instances which skewed the
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overall results towards a higher browse rating.  Further, the cages are heavy and require the greatest
vertical support.

Sinocast® cone barriers tested cannot provide adequate protection of seedlings from deer browse under
the conditions on the Queen Charlotte Islands.  About 85% of the study trees with cones would qualify
as crop trees after 3 years of growth with maintenance.  Without maintenance only about 40% of the
trees would qualify as crop trees.  With the extreme climatic conditions and dense deer populations this
barrier was plagued with repair problems which resulted in a high deer browse rating.  Additionally, the
ventilation hole diameter of 1 inch facilitated a high degree of foliar egress that resulted in browse
incidents.  Installation difficulties on the thin soils of block 105/8 also contributed to browse.  A more
substantial method of erecting these barriers must be developed; otherwise they do not provide
effective browse protection.

Vexar® mesh barriers effectiveness is greatly reduced by its short height. It is becoming evident that
once seedlings leaders emerge from the top height of the barrier, approximately 90cm, their leaders are
consistently being browsed.  This fact is supported by the highest leader browse rating among barrier
products tested.  When assessed as an all block average, seedlings in Vexar® mesh barriers were taller
only than the control trees.  It is possible that a 4-foot mesh tube product may over come this problem.
Notwithstanding the barrier height issue, about 98% of the study trees with the mesh could be
considered crop trees with maintenance.  Without maintenance about 90 – 95% of the trees could be
considered crop trees.

It is not possible now to estimate what portions of the study trees could become free growing without
maintenance.  It is apparent, however, that the proportion would be much reduced by comparison with
the estimated number qualifying as crop trees.  Without maintenance, in particular barrier removal,
most of the barrier products are expected to become a serious detriment to acceptable tree growth in
future years.

Foliage Egress and Leader Emergence:

Barrier design affects the egress of lateral foliage, and the emergence of leaders.  Lateral foliage egress
is of concern because it attracts deer and may result in attempts to browse the seedling through the
barrier causing damage to it, and causing further damage to the seedling.  Emergence of the leader from
the side of the barrier can cause problems with the seedling growth.

Vexar® has a tendency to allow the seedling’s leader to emerge out of the mesh, rather than the top
opening.  This condition usually eliminates the seedling as a crop tree.  There are other mesh products
that have a tighter mesh design which appears to reduce this problem.  The Sinocast® cone can allow
the seedling’s leader to escape from the large 1-inch ventilation holes which has resulted in numerous
deformed trees.  An alternative ventilation hole design may also resolve this problem.  Foliage within
the Growcone® tube and the Sweetwood® cage rarely escape the barrier.

Emerged leaders were monitored for their self-support ability and incidence of girdling caused by the
barrier opening.  Growcone® tubes on block L-306 have the factory straight-cut top, whereas units on
blocks 14/1 and 105/8 have custom-ordered flared tops.  To date all emerged leaders are self-supportive
and very few cases of girdling have been seen.  This trend should be monitored to assess the
escapement ability of seedlings within each barrier.
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Growth of Seedlings:

Issues affecting growth, particularly browsing and the barriers are discussed.  Other factors affecting
growth, including disease and vegetation ingress are also discussed.

Seedling growth characteristics within the barriers mirror the browse protection level to some degree.
In order of total height the barriers rank as follows (Fig. 1):

1. Growcone® tube
2. Sinocast® cone
3. Sweetwood® cage
4. Vexar® mesh

See Appendix 5: Barrier comparison graphs, for detailed block by barrier performance graphs.
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Figure 1 All block average over the five measurement periods of total height by barrier type & control
trees.

Growcone® tube seedlings have, on an all block average, the greatest total height.  The confined,
supportive nature of this product manipulates the seedling into rapid vertical growth due in part to the
degree which this barrier shelters the seedling from the wind, and causes etiolation.  Shelter from the
wind would decrease the demands on lateral support, thus reducing the seedling’s demand for radial
development and focus growth on height.  Similarly, if the barrier causes etiolation, radial growth will
be sacrificed at the expense of height growth as the seedling maximizes its vertical competitive
element.  These seedlings have the lowest root collar diameter (RCD) to total height ratios (Fig. 2).
Despite this fact, self-support is not a problem once the barrier is removed.  Some swaying is evident,
but they are still able to withstand fairly high wind velocities.  It is anticipated, however, that these
barriers will require removal to ensure free-growing status of the seedlings.  Addition data collection
and analysis is needed on this issue.  To date there is no significant deterioration of the plastic used to
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construct these barriers.  In comparison, Tubex® tubes (adjacent to, but not in the study) have
noticeable incipient breakdown.
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Figure 2 All block average over the five measurement periods of root collar diameter to total height
ratio by barrier type & control trees.

Sinocast® cone seedlings share many of the growth characteristics of those in Growcone® tubes and
were second in total height to the Growcone® tube seedlings (Fig. 1).  Self-support is not a problem
once the barrier is removed (Fig.2).  Some swaying is evident, but the seedlings are still able to
withstand fairly high wind velocities.  In total this barrier’s limited ability to withstand the demanding
climatic conditions and heavy deer browse pressure reduced the seedlings ability to grow at a rate as
fast as those seedlings within the Growcone® tubes. The plastic used in the Sinocast® cones is
beginning to exhibit signs of decay, and should break down significantly within two years.  However,
because of the inherent instability of this barrier and its requirement for maintenance, removal is
recommended to ensure free-growing status of the seedlings.

Sweetwood® cage seedlings are taller than those in the Vexar® mesh are but not as tall as those
seedlings within the Sinocast® cone (Fig.1).  The cages do not provide any synergistic growth
enhancement to the seedlings.  Caged seedlings and Vexar® mesh seedlings have nearly the same root
collar diameter to total height ratios and are self-supportive (Fig. 2).  These barriers will definitely
require removal to comply with all regulatory obligations.  An opportunity may exist to recycle these
barriers for another plantation.

Vexar® mesh barrier seedlings have their leaders negatively affected by deer browse, and this trend is
expected to continue (Fig. 1).  A taller mesh tube with a reduced mesh size would greatly enhance the
protective capabilities of this product.  The plastic used in this barrier is beginning to exhibit signs of
photodegradation.  It is unlikely that these barriers will require removal.
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Control seedlings are outperformed by barrier protected seedlings to considerable margin (Fig. 1).
Even though the root collar diameter of control trees increased over time (Fig. 2), their lack of vertical
growth will cause them to become overgrown by competing vegetation, particularly salal.

The following three attributes affect the growth of the seedling in some of the barrier types:

Disease

Kethia cedar foliage disease (Didymascella thujina) was commonly encountered.  Settings 14K/1 and
105/8 both had significant numbers of seedlings infected with kethia, whereas on L-306 the incidence
of infections was very low.  It appears that the infections originated in the nursery environment, and
that the stock that was planted on block 14K/1 was heavily infected, and the stock planted on 105/8
was somewhat less infected.  This has been determined from planting records.  Some seedling mortality
has occurred due to kethia infection girdling the main stem.  It is anticipated that further seedling
mortality may still occur, as weakened, heavily infected seedlings are over taken by the infection.

Growcone® tubes may not promote kethia infection, but did hamper the recovery of the affected
seedlings.  Field observations indicate that limited air circulation of the tubes increases humidity levels,
a key factor in kethia development.  Conversely, the other three barriers are less confining, and provide
superior air circulation, which accounts for the difference in seedling recovery.

Vegetation Ingress:

To date, vegetation ingress has not caused a significant impact overall.  Competing vegetation that
becomes established within a barrier is expected to reduce the growth potential of the seedling.  The
degree to which this occurs depends on the species of competing vegetation and the vigor of the
seedling at the time the ingress occurs.  Seedlings that fall into the low and moderate vigor
classifications are at a high risk to be outgrown by the competing vegetation.

Damage to Barriers

Wind

The high winds which are so common on the Queen Charlotte Islands batter and buffet the browse
protectors; so it is not unexpected that the most common damage agent on all of the sites was wind.
All of the barriers have a surface area affected by wind.  The wind energy shakes the barrier and the
lateral movement opens up the stake hole, which can lead to a barrier leaning, or eventually being
knocked-over.  Stake dimension, portion in the ground and strength are important mitigating factors.
Ventilated tubes may also fold across perforation points, closing vertical access for the seedling; thus
full length staking and fastening is required.  Wind also contributes to barrier damage in the form of
windfall trees, however, to date this has only occurred on block L-306 and is associated only with the
leave trees.

The Sinocast® cone is the most susceptible to this type of damage.



DeerRep1Apr00.doc  Page 24

Deer

The second most common damage agent to the barrier is the deer.  This damage type mainly occurs as
deer attempt to browse seedlings through the barriers.  However, barriers that are located on or adjacent
to deer trails may be trampled or pushed over by deer movement.  A browsed seedling and often a
broken stake characterize damage of this sort.  Cages have occasionally been the target of rutting bucks
who use the cages to vent aggression which results in a flattened, knocked-over barrier.

All barrier types experienced deer caused damage, with the Sinocast® cone and Vexar® mesh being
the most susceptible.

Bear

A low incidence of bear damage was also noted, and probably occurs as bears attempt to use the
barriers as scratching posts, or the barriers simply get in the way of a bear.  It would also appear that
bear cubs may be attracted to the shiny metal identification tags, causing them to destroy the barrier as
they play with it.

These damage occurrences are observed and recorded in the field during both the spring and fall
assessment.  See Appendix 1, section 4, Barrier Condition, for more information.

Economic Costs:

Barrier Cost

Based on the previously developed assumptions, the ordination of the combined barrier and installation
equipment acquisition costs are as follows per 10,000 units, from least to most expensive:

1. Vexar® mesh  ($10 500)
2. Growcone® tube  ($24 000)
3. Sinocast® cone  ($30 000)
4. Sweetwood® cage  ($33 900)

Transport

Based on the assumptions developed previously, the ordination of transport costs for 10 000 units and
materials is as follows, from least to most expensive:

1. Vexar® mesh ($475)
2. Sinocast® cone ($900)
3. Sweetwood® cage ($1 020)
4. Growcone® tube ($4 260)

The cost of transport is directly related to the volume of the barriers.  For example, the Growcone®
tubes are not compressible, and this results in many pick-up truckloads.  By comparison, Vexar® mesh
is highly compressible and transports easily.
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Installation

Based on the assumptions developed previously, the ordination of installation costs is as follows, from
least to most expensive:

1. Vexar® mesh ($18,750)
2. Growcone® tube ($25,000)
3. Sinocast® cone ($31,200)
4. Sweetwood® cage ($37,500)

The main determinant of installation cost is productivity, time required per barrier.  The easier a barrier
is to transport from roadside to the planting spot and then install, the more it is economical.  Cost
savings, up to 20%, could be achieved with installation by using an experienced team instead of one
experienced person.

Maintenance

Based on the assumptions developed previously, the ordination of two-year maintenance costs is as
follows, from least to most expensive:

1. Vexar® mesh ($1 234)
2. Growcone® tube ($4 231)
3. Sweetwood® cage ($8 366)
4. Sinocast® cone ($25 595)

The Sinocast® cone requires considerable costly maintenance.  For the other barriers, the cost of
maintenance in this study indicates that it is a small portion of the total cost, between 4 – 10%.

Net Present Value

Based on the assumptions developed previously, the ordination of net present values is as follows, from
least to most expensive:
1. Vexar® mesh ($30 959)
2. Growcone® tube ($57 491)
3. Sweetwood® cage ($80 786)
4. Sinocast® cone ($87 696)

While the Vexar® mesh barrier appears to be an economical choice, its inability to provide adequate
browse protection for the seedling discounts this result.  Presuming that the browse protection
associated with 3 foot Vexar® could be over come by a 4 foot product it is estimated that a comparable
net present value of this longer product is about $34 000.

An alternative tube product, Tubex®, has been used occasionally on the Queen Charlotte Islands with
success.  The experience of operational foresters with this product has been good.  It can be secured to
a stake very well, and has features that ensure that removal of the barrier from the young tree should
not be necessary.  Maintenance for this barrier is seen to be low.  However, the cost of the product in
Queen Charlotte City is high and the net present value for Tubex® is estimated to be in excess of
$62 000.

The costs presented here do not include the final removal of the barriers that will be needed for some
(possibly all) products.  This final activity, to be assessed in the 2000 field season, is expected to
substantially add to the net cost of some of the barriers.
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Conclusion
The products chosen for this study are representative of the variety of products available on the market.
The data collected allows a comparative assessment of the alternative barrier types.

Based on the assessment of the barrier products to date the Vexar® product can provide the least
expensive protection, however a longer mesh is needed to allow the seedling to achieve height growth
needed to escape deer browse to the leader.  There are a number of alternative mesh products that could
be considered technically equivalent.

Application Recommendations:

For remote locations in the Queen Charlotte Islands requiring helicopter or all-terrain vehicle access,
mesh type barriers over 4 foot tall are the preferred protection device.  A small mesh size is preferred.
This will ensure that the leader and lateral foliage will remain within the barrier and not attract the
attention of deer, or cause stem deformities of the seedlings.

All of the barrier products tested were able to provide protection to seedlings with the maintenance
used in the study.  For three of the four products this maintenance cost was low relative to the total cost
of the browse protection and appears to be good value.  If reduced maintenance is preferred, it is
recommended to use a 4-foot mesh or cage with two stakes per barrier to maximize stability; use of a
tube product may also be practical.  Even in the most limited maintenance routine, plans should be
made to remove the barriers in the third or fourth year of growth where an inspection determines this as
necessary.

Where limited maintenance is planned and on those sites with extreme deer browse pressure, where
ground conditions permit, metal cages may be employed.  The high cost may be warranted to protect
seedlings at high risk of intense browse pressure.  This could be needed for seedlings on major deer
trails leading into adjacent cover.

It is not recommended that the cone product design tested be employed on the Queen Charlotte Islands
due to its instability and maintenance requirements.  Although this product provides an excellent
environment in which to grow seedlings, its operational forestry application is limited.

Barrier Removal & Timing:

Operationally the removal of barriers is a significant problem in terms of manpower and expense.  Use
of barrier types that require no removal is the preferred situation.

Where removal is expected, and given the differing growth rates across a block, barrier removal must
be timed very carefully.  We expect that there is a limited time period when the seedlings are
effectively free to grow above the deer and when the barrier can simple be slide up and off the tree.
Beyond this period the barrier must be cut off, as the foliage will prevent upward removal.  This timing
will significantly affect the greater cost of browse protection since sliding the barriers off will cost less
and these barriers may be re-used.  An option may be to slit the top 30cm of the tubes at year 4 or 5,
prior to regeneration delay, and assume (monitor) that the barriers will soon be torn of their trees.



DeerRep1Apr00.doc  Page 27

References

Environment Canada, 2000.  Canadian Climate Normals, 1961 – 1990. Provided in
http://www.cmc.ec.gc.ca/climate/normals/e_info.html

Green RN, and K Klinka, 1994.  A Field Guide to Site Identification and Interpretation for the
Vancouver Forest Region.  BC Ministry of Forests, Research Branch, Land Management
Handbook #28, pg. 161-162.

Mitchell KJ and KR Polsson, 1988.  Site index curves and tables for British Columbia: coastal species.
BC Ministry of Forests and Forestry Canada, FRBC Rep #37.

Schaap W and D DeYoe, 1982.  Seedling Protectors for Preventing Deer Browse.  In Proceedings of
the Western Forestry Conference and Technical Committee Meeting, Portland, Oregon, Nov,
1982, 11p.



DeerRep1Apr00.doc  Page 28

Appendix 1: Definitions and Assumptions Used in Survey
Codes

Seedling Performance Section

A. Browse:

The definitions for browse are based on both physiological and operational considerations.  Thus, a
very accurate and informative measure is achieved for each seedling.

1. Leader Browse: Five levels were assigned to this factor: Low, Moderate, High, Extreme, and
Pulled-out.

Low Browse was defined as the minor clipping of the leader which resulted in little or no damage, or
significant loss of foliage area.  This tree could be counted without hesitation in a regeneration survey
and will recover easily from the browse.
Moderate Browse was defined as browse which reduced the vertical element of the tree by
consumption of the leader and a small portion of the stem; resulting in damage to the tree’s form.  This
tree could not presently be counted in a regeneration survey; it would have to be monitored for
recovery.  This tree will recover from the browse event, but will have lost a growing season’s growth.
High Browse was defined as browse that significantly reduced the vertical element of the tree by the
entire consumption of the leader shoots and a significant portion of the stem.  Browse of this type
significantly reduces the tree’s chance of survival by reducing foliage area, hence incurring competitive
disadvantages.  This tree cannot be counted in a regeneration survey, and it is questionable whether or
not it will survive.  Operationally, replanting will be required of trees in such condition.
Extreme Browse was defined as a browse event, which all but eliminated the vertical element of the
tree.  Thus, only a small portion of the stem remains which is less than 10% of the tree’s original
height.  This tree will probably not recover, and operationally, trees in this condition will require
replanting.
Pulled-out was defined as a browse event which caused the seedling to be partially, or completely up-
rooted.   This level of browse occurs concomitantly with the extreme browse rating above.  Seedlings
in this condition are dead or dying, and operationally, require replanting.

2. Lateral Browse: Five levels were assigned to this factor: Low, Moderate, High, Extreme, and
Pulled-out.

Low Browse was defined as the minor clipping of the lateral shoots which resulted in little or no
damage, or significant loss of foliage area.  This tree can be counted in a regeneration survey and will
recover easily from the browse.
Moderate Browse was defined as browse, which reduced or removed the lateral shoots of the tree.
This can occur through the complete consumption of the upper third of the laterals, or an overall minor
pruning of the laterals; resulting in damage to the tree’s form and a loss of foliage area. This tree could
not presently be counted in a regeneration survey; it would have to be monitored for recovery.  This
tree will recover from the browse event, but will have lost a growing season’s growth.
High Browse was defined as browse that significantly reduced the lateral element of the tree by
removal of a majority of the lateral shoots. Browse of this type significantly reduces the tree’s chance
of survival by reducing foliage area, hence incurring competitive disadvantages.  This tree cannot be
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counted in a regeneration survey, and it is questionable whether or not it will survive.  Operationally,
replanting will be required of trees in such condition.
Extreme Browse was defined as a browse event that all but eliminated the lateral element of the tree,
to the root collar.  Thus, only a stem remains which is less than 10% of the tree’s original height.  This
tree will probably not recover, and trees in this condition will require replanting.
Pulled-out was defined as a browse event which caused the seedling to be partially, or completely up-
rooted.   This level of browse occurs concomitantly with the extreme browse rating above.  Seedlings
in this condition are dead or dying, and operationally, require replanting.
To facilitate data entry the five levels: Low, Moderate, High, Extreme, and Pulled-out, numeric values
have been assigned for the levels one through five respectively.

B. Growth:

Seedling growth characteristics are quantitative measurements of the seedling’s annual growth, based
on three criteria: total height, increment, and root collar diameter (RCD).  During the first field
assessment each seedling’s total height and RCD was measured to establish baseline data.

1. Total Height is defined as the measured distance between the tip of the outstretched leader and the
forest floor at the base of the seedling.  This measurement is taken in centimetres to the nearest whole
number, using a rigid measuring stick.
2. Increment, for the purposes of this research project, is defined as the calculated difference between
the seedling’s previous total height measurement, and the seedling’s current total height measurement.
This will facilitate monitoring the possible growth enhancement that the browse barrier products may
provide.  Thus, growth which may occur over-winter, or were a clear distinction between seasonal
growth cessation does not exist (making increment measurements difficult), can be accurately
measured.  This definition of increment differs from the commonly accepted definition of increment
but serves the purposes of the study very well.  The commonly accepted definition of increment is the
measured difference between the cessation of the previous year’s growth, and the current year’s
growth.  However, utilizing the common definition of increment will result in a loss of sensitivity in the
data collected, and is not suitable for this study.  This measurement will be reported to the nearest
centimetre.
3. Root Collar Diameter (RCD) is a physiological zone of the seedling located at the root-shoot
interface, at the forest floor level.  The RCD is more resilient to heat and temperature fluctuations than
either the root or shoot cambium cells.  This fact underlines the importance of proper seedling planting
depth.  The RCD is measured using a calliper micrometer and is reported to the nearest tenth of a
centimetre.  This measurement will also indicate the radial growth of the seedlings from year to year,
and allow comparison between the different products and the potential etiolation of the seedlings.
4. Leader Emergence refers to whether or not the leader has grown, and protruded out of the desired
top opening of the barrier as it was designed to do so.  This characteristic is classified as either yes, or
no.
5. Leader Egress refers to whether or not the leader has become entrapped by the barrier, and grown
out of the side of the barrier.  This is the undesirable egress of the leader, which renders it unprotected
from browse.  This characteristic is classified as either yes, or no.
6. To facilitate data entry of the yes and no answers, numeric values have been assigned as one and
zero respectively
7. Lateral Egress refers to the degree to which the seedling’s foliage grows and emerges from the
barrier.  This egress of the lateral shoots places the foliage in danger of being browsed, and reduces the
seedling’s growth potential.  Lateral Egress is measured on a scale of None, Low, Moderate, and High.
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The degree to which the lateral shoots emerge in relation to the total amount of lateral foliage a
seedling possesses, determines the level of egress.  Thus, small amounts of lateral foliage emerging
from the barrier would result in a Low rating, and if a large number of the total lateral shoots were
emerging, a High rating would result.
To facilitate data entry the four levels: None, Low, Moderate, and High, numeric values have been
assigned for the levels zero through three respectively

Seedling Health Section:

The definitions of this section are based on both physiological and operational considerations.  Thus, a
very accurate and informative measure is achieved for each seedling.

A. Chlorosis:

Three levels were assigned to this factor: High, Moderate, and Low.

Low Chlorosis was defined as a healthy tree with no impairments to growth due to chlorosis, and no
further operational actions would be required in this tree’s establishment.  This tree is a lush dark
green, has a shiny cuticle, and no foliage is dying-off.

Moderate Chlorosis was defined as a moderately healthy tree with some limitations to growth due to
chlorosis, potential operational treatments such as fertilization may be required in the future to establish
this tree.  This tree is a pale to light green; but is not exhibiting any significant yellow foliage, the
cuticle appears waxy rather than shiny, and lower portions of the foliage may be browning or dying-off.

High Chlorosis was defined as an unhealthy tree with severe limitations to growth due to its chlorotic
condition.  Immediate operational treatments such as fertilization will be required to establish these
trees.  This tree appears yellowish green to yellow, with some examples exhibiting a copper hue on the
upper side of the foliage with yellow on the underside.  Lower portions of the foliage can be brown,
with some foliage dying-off.

To facilitate data entry the three levels: Low, Moderate, and High, numeric values have been assigned
for the levels one through three respectively.

B. Vigor:

Three levels were assigned to this factor: High, Moderate, and Low.

Low Vigor was defined as a tree that lacked any lateral growth, and had poor vertical growth as well,
less than 10% of the total tree height.  Trees that fell into this category also had poor root development,
and growth was simply retarded.  This tree could not be included in a regeneration survey at an
operational level.  Some of these trees may die before the next growing season.

Moderate Vigor was defined as an average tree for that site series, exhibiting an anticipated amount of
growth for one season.  Lateral growth is present and some secondary lateral growth is developing,
however, a majority of the growth has occurred in the vertical element.  This tree presents no problems
to the operational manager, and is expected to produce a free-growing tree.

Please note that the moderate rating may be modified one-half level up or down to characterize slight
deviations from the average tree.

A moderate minus tree has slightly less vigor than the average, but cannot be considered to have low
vigor.
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A moderate plus tree has slightly more vigor than the average and has some high vigor characteristics,
but it cannot be classified as having high vigor.  Thus, these modifying characteristics more accurately
represent the seedlings on site.

High Vigor was defined as an exceptional tree for that site series, with tremendous lateral and
secondary lateral growth, and the growth of the vertical element is also exceptional.  This tree has also
expanded radially.  If an operational manager had all his plantations filled with trees like this, he would
sleep better at night.  Trees in this category will meet free growing without any concerns.

To facilitate data entry the five levels: Low, Moderate Minus, Moderate, Moderate Plus, and High,
numeric values have been assigned for each of the levels 1, 1.5, 2, 2.5 and 3 respectively.

C. Disease:

Disease Level: Four levels of incidence were assigned to this factor: None, Low, Moderate, and High.

None refers to no disease present.

Low incidence of disease refers to infections occurring in the lower third of the tree.  Growth
inhibition due to the disease is slight, and the tree is predicted to outgrow the disease with no harmful
effects.  Such trees can be counted in a regeneration survey and will not require further action.

Moderate incidence of disease refers to infections which have inflicted the lower two thirds of a tree.
The tree is exhibiting signs of growth retardation due to the disease, and it is unsure whether the tree
will outgrow the disease.  Such trees can be counted in a regeneration survey, but with a degree of
reservation.  Monitoring of this condition will be required, and replanting may be necessary.

High incidence of disease refers to infections, which have inflicted more than two thirds of the tree and
are severely inhibiting the growth and form of the tree.  Such trees will likely die, and will require
replanting.

To facilitate data entry the four levels: None, Low, Moderate, and High, numeric values have been
assigned for the levels zero through three respectively.

Disease Code: A variety of diseases were routinely encountered on the study sites.  The following
table (A1.1) identifies the disease agent, and the corresponding numerical value, which is assigned to it.

Table A1.1: Damage agent values
Disease Agent: Numerical

Value:
Kethia 1
Leader Die-back 2
Tip Necrosis 3
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Competition:

The definitions of this section are based solely on visual observations.  These definitions will evolve as
the project develops and more accurate inferences can be made.

A. Self Support:

Self-support was defined as the ability of the tree to support itself once outside the barrier.  This
observation is on a scale of low, moderate, and high.  (None of the samples in this study are at this
stage yet; thus no criteria have yet been developed.)

B. Vegetation Ingress:

Vegetation Ingress was defined as the amount of competing vegetation within the barrier.  This
observation is based on a scale of low, moderate, and high.  Two factors contribute to the competition
level observed: vegetation height and level of ground occupancy within the barrier.  Please note that
mosses were not considered to be competing vegetation, thus, observations were made of the forb,
herb, shrub, and seedling layers.
Low Vegetation Ingress was defined as ingress that did not pose a significant competitive threat to the
seedling.  Ingress was limited in ground occupancy, often occurring only as one individual plant or
shoot.  Additionally, the seedling experienced no height competition, and is expected to easily outgrow
the competing vegetation without significant losses to potential growth.
Moderate Vegetation Ingress was defined as ingress that poses an immediate and future competitive
threat.  This level of vegetative ingress occurs as a moderately developed plant or shrub, with one or
more individual plants present within the barrier.  The vegetation height is at least half that of the
seedling causing significant height competition for the seedling.  The seedling is expected to outgrow
the competing vegetation at this level, but not without losses to potential growth.

High Vegetation Ingress was defined as ingress that poses a significant competitive threat to seedling
survival.  The height of the vegetation is at least that of the seedling, and is well developed within the
barrier.  Above and below ground competition is high at this stage.  The seedling may or may not
outgrow the competing vegetation, and significant losses to potential growth will be incurred.

To facilitate data entry the three levels: Low, Moderate, and High, numeric values have been assigned
for the levels one through three respectively.

C. Vegetation Species:

A variety of herbaceous and woody vegetative species were commonly encountered on the study sites
within the barriers.  The following table (Table A1.2) identifies the disease agent, and the
corresponding numerical value, which is assigned to it.

Table A1.2: Vegetation species numerical values

Scientific Name: Common Name: Numerical
Value:

Luzula parviflora Small-flowered woodrush 1
Rubus spectabilis Salmonberry 2
Blechnum spicant Deer fern 3
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Vaccinium spp. See note 4
Carex spp. Sedge grass 5
Juncus spp. Rush 6
Lycopodium clavatum Running clubmoss 7
Cornus canadensis Bunchberry 8
Coptis aspleniifolia Fern-leaved goldthread 9
Gaultheria shallon Salal 10
Tsuga heterophylla Western hemlock 11
Picea sitchensis Sitka spruce 12
Menziesia ferruginea False azalea 13

Barrier Condition:

The definitions of this section are based on both physiological and operational considerations.  Thus, a
very accurate and informative measure is achieved for each barrier.

A. Stake:

Broken?  is a simple question with a yes or no answer.  This question simply inquires whether or not
the stake in broken, with no other connotations.
Loose?  is a question that inquires whether or not the barrier is loose, irrespectively of any other factor.
The answer is either yes or no.
To facilitate data entry of the yes and no answers, numeric values have been assigned as one and zero
respectively.

B. Barrier:

Condition:
Four levels of Barrier Condition have been assigned:  Good, Fair, Poor, and Knocked-Over.
Good refers to a barrier that is performing well, is intact, and has no damage.  The seedling is
adequately protected and no repair is necessary.
Fair refers to a barrier that has undergone some form of damage but still provides adequate protection
for the seedling.  Some form of minor repair work will be required to restore the barrier to the Good
rating.

Poor refers to a barrier that has undergone some form of damage and no longer provides adequate
protection for the seedling.  The barrier may not remain upright until the next growing season.  Some
form of repair work is required on this barrier to restore its effectiveness.
Knocked-Over refers to a barrier, which due to some damage agent has been knocked to the ground.
This barrier has no operational merit and requires major repair.  The seedling is may
To facilitate data entry of the four levels: Good, Fair, Poor, and Knocked-Over, numeric values have
been assigned for the levels one through four respectively.

Damage Type:  Five commonly occurring types of damage have been classified.
Wind damage generally occurs to those barriers located on exposed areas such as gully edges, ridges,
and mounds.  No other damage agents were apparent at the time of assessment.
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Deer damage can be identified by signs of high deer activity such as hoof or antler marks on the
barrier, scat accumulations around a barrier, or a well developed deer trail.  Seedlings within barriers
that have been damaged by deer are often heavily browsed.
Bear damage can be identified by the presence of bear hair, teeth marks, or claw marks on the barrier.
This form of damage is usually severe, however it is somewhat rare.
Ground based damage to a barrier is caused by the inability of the ground to support the barrier.  This
can be due to loose soils, hummock type ground, or shallow soils over hard pan.  This damage occurs
independently of other damage agents.
Windfall damage occurs at block boundaries, or in areas where leave trees have been retained.  The
damage is characterized by the barrier being smashed by the windfall tree, or partially damaged during
the windfall event.  Please note that this damage type has only occurred on Block L-306 to date.

To facilitate data entry of the five damage agents: Wind, Deer, Bear, Ground, and Windfall, numeric
values have been assigned one through five respectively.

C. Repair

Repair Type:  To facilitate standardization of the repair types, three commonly occurring conditions
were identified.
Firm Stake repair consists of driving the stake deeper into the ground, into the existing hole, to firm up
the installation.  This is a relatively simple repair process, which can be conducted on all the barriers
with equal success.  Only the stake is dealt with in this type of repair, and the barrier is left intact and
untouched.
Repair or Replace Stake repair type requires some disassembly of the barrier, and removal and
reinstallation of the stake.  This repair type is more labour intensive and requires that the barrier be
partially disassembled, and the stakes driven into new holes in the ground.  This repair type also covers
repairs due to barrier collapse which require that the stakes be replaced or refitted, but do not require
complete reinstallation.
Complete repairs require that the barrier be completely reinstalled, similar to the initial installation.
This repair type usually is associated with knocked-over barriers and is a labour, and time intensive
process.
Repair Time:  The following table (Table A1.3) outlines the ranges of repair times incurred for the
various repair types.  The time required to repair a barrier is dependant on the barrier type and the
severity of the damage within the range of repair type.

Table A1.3: Repair types and standardized times
Repair Type: Repair Time

(min.):

Firm Stake
0.5-1

Repair or Replace Stake 1-3
Complete 3-5
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Appendix 2: Seedling Health Tables

Growth Tables: Total Height and Root Collar Diameter (RCD)

Please note that for all tables regular face text indicates positive growth, whereas bold face text
indicates negative growth, thus, a decrease in the measurement over time.  Additionally, the data
presented in all tables is an all replicate average for each data collection period.

Vexar® Mesh

Table A2.1: Total height (cm) and root collar diameter (RCD) (mm) for Vexar® mesh barriers
measured over time.

Growth Characteristics of Trees in
Vexar® Mesh Barriers

Data Collection Period 105/8 14K/1 L-306
Oct. 97 Total Height 39.19 45.65 45.62

RCD 0.44 0.77 0.54
April 98 Total Height 38.18 45.67 46.42

RCD 0.47 0.64 0.63
Oct. 98 Total Height 55.01 62.24 73.01

RCD 0.69 0.90 1.01
May 99 Total Height 53.90 61.86 71.38

RCD 0.74 0.95 1.19
Oct. 99 Total Height 72.74 86.21 92.32

RCD 1.02 1.34 1.66

Table A2.2: Chlorosis and vigor levels (see Appendix 1 for definitions) by block reported over time.
Chlorosis & Vigor Level by Block

Data Collection Period 105/8 14K/1 L-306
April 98 Chlorosis 1.67 1.48 1.20

Vigor 1.89 1.94 2.27
Oct. 98 Chlorosis 1.23 1.21 1.09

Vigor 2.15 1.96 2.39
May 99 Chlorosis 1.20 1.28 1.10

Vigor 2.06 2.05 2.42
Oct. 99 Chlorosis 1.20 1.14 1.10

Vigor 1.97 2.19 2.31
Chlorosis and vigor are measured as 1= low, 2= moderate and 3= high
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Growcone® Tube

Table A2.3: Total height (cm) and root collar diameter (RCD) (mm) for Growcone® tube barriers
measured over time.

Growth Characteristics of Trees in
Growcone® Tube Barriers

Data Collection Period 105/8 14K/1 L-306
Oct. 97 Total Height 42.80 48.50 52.34

RCD 0.46 0.82 0.58
April 98 Total Height 42.17 46.93 52.68

RCD 0.51 0.69 0.65
Oct. 98 Total Height 66.04 72.48 84.35

RCD 0.74 0.91 1.05
May 99 Total Height 67.46 74.94 85.71

RCD 0.77 0.95 1.23
Oct. 99 Total Height 91.72 105.46 118.69

RCD 1.07 1.33 1.62

Table A2.4: Chlorosis and vigor levels (see Appendix 1 for definitions) by block reported over time.

Chlorosis & Vigor Level by Block
Data Collection Period 105/8 14K/1 L-306
April 98 Chlorosis 1.77 1.52 1.09

Vigor 1.90 1.95 2.33
Oct. 98 Chlorosis 1.32 1.23 1.11

Vigor 2.30 1.95 2.34
May 99 Chlorosis 1.21 1.41 1.10

Vigor 2.12 2.00 2.47
Oct. 99 Chlorosis 1.24 1.32 1.12

Vigor 2.04 2.10 2.42
Chlorosis and vigor are measured as 1= low, 2= moderate and 3= high
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Sinocast® Cone

Table A2.5: Total height (cm) and root collar diameter (RCD) (mm) for Sinocast® cone barriers
measured over time.

Growth Characteristics of  Trees in
Sinocast® Cone Barriers

Data Collection Period 105/8 14K/1 L-306
Oct. 97 Total Height 40.44 48.76 49.26

RCD 0.45 0.80 0.56
April 98 Total Height 38.65 49.04 50.42

RCD 0.48 0.68 0.69
Oct. 98 Total Height 53.12 64.87 81.72

RCD 0.66 0.87 1.08
May 99 Total Height 54.41 66.83 82.19

RCD 0.67 0.92 1.17
Oct. 99 Total Height 71.83 95.02 117.28

RCD 0.95 1.28 1.71

Table A2.6: Chlorosis and vigor levels (see Appendix 1 for definitions) by block reported over time.
Chlorosis & Vigor Level by Block

Data Collection Period 105/8 14K/1 L-306
April 98 Chlorosis 1.63 1.54 1.14

Vigor 1.75 1.98 2.28
Oct. 98 Chlorosis 1.26 1.28 1.05

Vigor 2.09 1.94 2.39
May 99 Chlorosis 1.21 1.33 1.04

Vigor 1.87 2.01 2.48
Oct. 99 Chlorosis 1.27 1.29 1.14

Vigor 1.89 2.18 2.48
Chlorosis and vigor are measured as 1= low, 2= moderate and 3= high
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Sweetwood® Cage

Table A2.7: Total height (cm) and root collar diameter (RCD) (mm) for Sweetwood® cage barriers
measured over time.

Growth Characteristics of Trees in
Sweetwood Cage Barriers

Data Collection Period 105/8 14K/1 L-306
Oct. 97 Total Height 40.98 46.63 48.56

RCD 0.47 0.78 0.59
April 98 Total Height 39.41 47.07 48.86

RCD 0.46 0.67 0.66
Oct. 98 Total Height 52.67 61.28 74.82

RCD 0.73 0.95 1.15
May 99 Total Height 50.53 62.31 75.51

RCD 0.78 1.02 1.30
Oct. 99 Total Height 67.77 90.49 115.84

RCD 1.11 1.46 1.91

Table A2.8: Chlorosis and vigor levels (see Appendix 1 for definitions) by block reported over time.
Chlorosis & Vigor Level by Block

Data Collection Period 105/8 14K/1 L-306
April 98 Chlorosis 1.79 1.72 1.33

Vigor 1.88 2.05 2.33
Oct. 98 Chlorosis 1.19 1.32 1.05

Vigor 2.16 2.03 2.46
May 99 Chlorosis 1.23 1.49 1.12

Vigor 1.93 1.98 2.42
Oct. 99 Chlorosis 1.11 1.26 1.08

Vigor 2.00 2.21 2.55
Chlorosis and vigor are measured as 1= low, 2= moderate and 3= high
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Control

Table A2.9: Total height (cm) and root collar diameter (RCD) (mm) for control trees measured over
time.

Growth Characteristics of Control Trees
Data Collection Period 105/8 14K/1 L-306
April 98 Total Height 23.77 39.72 34.83

RCD 0.58 0.76 0.67
Oct. 98 Total Height 25.38 50.54 34.72

RCD 0.52 0.85 0.62
May 99 Total Height 21.77 47.45 30.94

RCD 0.61 0.99 0.75
Oct. 99 Total Height 21.80 57.30 31.89

RCD 0.65 1.22 0.80

A2.10: Chlorosis and vigor levels (see Appendix 1 for definitions) by block reported over time.
Chlorosis & Vigor Level by Block

Data Collection Period 105/8 14K/1 L-306
April 98 Chlorosis 1.59 1.52 1.76

Vigor 1.15 1.72 1.15
Oct. 98 Chlorosis 1.21 1.28 1.09

Vigor 1.15 1.73 1.28
May 99 Chlorosis 1.43 1.40 1.30

Vigor 1.03 1.54 1.08
Oct. 99 Chlorosis 1.19 1.21 1.41

Vigor 1.05 1.71 1.28
Chlorosis and vigor are measured as 1= low, 2= moderate and 3= high
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Ratio Tables: Root Collar Diameter (cm) to Total Height (cm) Ratio by Block

Table A2.11: Root collar diameter (cm) to total height (cm) ratio by block measured over time.
Block 105/8

Oct-97 Apr-98 Oct-98 Apr-99 Oct-99
mesh 0.011 0.013 0.013 0.014 0.015
tube 0.011 0.012 0.012 0.012 0.012
cone 0.011 0.014 0.014 0.013 0.014
cage 0.011 0.012 0.014 0.017 0.017
control 0.015 0.024 0.023 0.028 0.03

Block 14K/1
Oct-97 Apr-98 Oct-98 Apr-99 Oct-99

mesh 0.017 0.015 0.015 0.016 0.018
tube 0.017 0.014 0.013 0.013 0.013
cone 0.016 0.015 0.014 0.014 0.014
cage 0.017 0.015 0.016 0.017 0.016
control 0.020 0.018 0.018 0.02 0.021

Block L-306
Oct-97 Apr-98 Oct-98 Apr-99 Oct-99

mesh 0.012 0.014 0.015 0.017 0.018
tube 0.011 0.013 0.013 0.015 0.014
cone 0.011 0.015 0.014 0.015 0.015
cage 0.012 0.014 0.015 0.017 0.017
control 0.013 0.018 0.019 0.024 0.028

Block Averages
Oct-97 Apr-98 Oct-98 Apr-99 Oct-99

mesh 0.013 0.014 0.014 0.016 0.017
tube 0.013 0.013 0.013 0.013 0.013
cone 0.013 0.015 0.014 0.014 0.014
cage 0.013 0.014 0.015 0.017 0.017
control 0.016 0.020 0.020 0.024 0.026
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Appendix 3: Seedling Browse Incidence Tables

Browse Incidence Tables:

Vexar® Mesh

Table A3.1: Browse incidence (see Appendix 1 for definitions) attributed to Vexar® mesh barriers over
time.

Browse Incidence of Trees in
Vexar® Mesh Barriers

Data Collection Period 105/8 14K/1 L-306
April 98 Leader 0.06 0.01 0.02

Lateral 0.06 0.00 0.06
Oct. 98 Leader 0.11 0.04 0.13

Lateral 0.15 0.10 0.36
May 99 Leader 0.19 0.20 0.42

Lateral 0.47 0.45 0.85
Oct. 99 Leader 0.31 0.31 1.10

Lateral 0.57 0.47 1.01
Browse incidence levels are: 1= low, 2= moderate, 3= high, 4= extreme and 5= pulled out

Growcone® Tube:

Table A3.2: Browse incidence (see Appendix 1 for definitions) attributed to Growcone® tube barriers
over time.

Browse Incidence of Trees in
Growcone® Tube Barriers

Data Collection Period 105/8 14K/1 L-306
April 98 Leader 0.00 0.00 0.12

Lateral 0.00 0.00 0.17
Oct. 98 Leader 0.00 0.00 0.01

Lateral 0.01 0.00 0.04
May 99 Leader 0.05 0.01 0.12

Lateral 0.14 0.02 0.35
Oct. 99 Leader 0.03 0.03 0.20

Lateral 0.13 0.03 0.33
Browse incidence levels are: 1= low, 2= moderate, 3= high, 4= extreme and 5= pulled out
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Sinocast® Cone:

Table A3.3: Browse incidence (see Appendix 1 for definitions) attributed to Sinocast® cone barriers
over time.

Browse Incidence of  Trees in
Sinocast® Cone Barriers

Data Collection Period 105/8 14K/1 L-306
April 98 Leader 0.65 0.04 0.18

Lateral 0.73 0.06 0.21
Oct. 98 Leader 0.07 0.02 0.07

Lateral 0.08 0.02 0.05
May 99 Leader 0.36 0.07 0.17

Lateral 0.40 0.17 0.45
Oct. 99 Leader 0.11 0.07 0.20

Lateral 0.23 0.12 0.69
Browse incidence levels are: 1= low, 2= moderate, 3= high, 4= extreme and 5= pulled out

Sweetwood® Cage:

Table A3.4: Browse incidence (see Appendix 1 for definitions) attributed to Sweetwood® cage barriers
over time.

Browse Incidence of Trees in
Sweetwood® Cage Barriers

Data Collection Period 105/8 14K/1 L-306
April 98 Leader 0.30 0.01 0.01

Lateral 0.32 0.01 0.04
Oct. 98 Leader 0.07 0.00 0.02

Lateral 0.10 0.05 0.06
May 99 Leader 0.38 0.00 0.03

Lateral 0.76 0.23 0.77
Oct. 99 Leader 0.13 0.02 0.05

Lateral 0.57 0.38 0.88
Browse incidence levels are: 1= low, 2= moderate, 3= high, 4= extreme and 5= pulled out
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Control:

Table A3.5: Browse incidence (see Appendix 1 for definitions) attributed to control trees over time.

Browse Incidence of Control Trees
Data Collection Period 105/8 14K/1 L-306
April 98 Leader 3.02 1.01 2.35

Lateral 3.11 1.06 2.76
Oct. 98 Leader 2.78 0.88 2.04

Lateral 2.95 0.98 2.57
May 99 Leader 3.40 1.17 2.43

Lateral 3.61 1.42 2.98
Oct. 99 Leader 2.72 0.99 2.06

Lateral 2.82 1.20 2.53
Browse incidence levels are: 1= low, 2= moderate, 3= high, 4= extreme and 5= pulled out
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Appendix 4: May1998 Repair Analysis
Table A4.1: Repair Frequency and Type by Block and Protector Type for May 1998 period.

Block Replicate No. Time No. Time No. Time No. Time
105/8 1 1 1 0 0 31 56.5 11 29

2 4 1 1 1 38 72 7 12
3 1 1 2 1 34 69 6 14

Total No.: 6 3 3 2 103 197.5 24 55
Incidence %: 3.7% 1.9% 63.6% 14.8%

.
14K/1 1 0 0 1 1 7 15 1 1

2 0 0 2 3 17 29 1 1
3 0 0 1 0 19 35 2 2

Total No.: 0 0 4 4 43 79 4 4
Incidence %: 0.0% 2.5% 26.5% 2.5%

L-306 1 0 0 21 25 31 81 1 3
2 3 3.5 5 8.5 15 23 1 0
3 1 3 18 22 13 21.5 0 0

Total No.: 4 6.5 44 55.5 59 125.5 2 3
Incidence %: 2.5% 27.2% 36.4% 1.2%

All block Results (April 98):
Totals: 10 9.5 51 61.5 205 402 30 62

Ave. Total: 3.3 3.2 17.0 20.5 68.3 134.0 10.0 20.7
Ave. Incidence %: 2.1% 10.5% 42.2% 6.2%

Barrier Type related to Repair Incidence and Repair Time
Mesh Tube Cone Cage

See Appendix 1, Barrier Condition: Repair, for a review of the standards applied to the repair
assessments.
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Appendix 5: Barrier Comparison Graphs
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Figure A5.1: Block 105/8 barrier comparison of total height by barrier type & control trees over the
five measurement periods.
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Figure A5.: Block 14K/1 barrier comparison of total height by barrier type & control trees over the five
measurement periods.
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Figure A5.3: Block L-306 barrier comparison of total height by barrier type & control trees over the
five measurement periods.
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Appendix 6: Data Collection Card

Block : Survey Date : Surveyors:
Replicate:
Plot: Code Y/N

Tree #
General Notes & 
Comments:

1 Vexar
2 Tube
3 Cone
4 Cage
5 Control
6 Vexar
7 Tube
8 Cone
9 Cage

10 Control
11 Vexar
12 Tube
13 Cone
14 Cage
15 Control

Block : Survey Date : Surveyors:
Replicate:
Plot:

Tree #
1 Vexar
2 Tube
3 Cone
4 Cage
5 Control
6 Vexar
7 Tube
8 Cone
9 Cage

10 Control
11 Vexar
12 Tube
13 Cone
14 Cage
15 Control

Seedling Performance Seedling Health Competition
Browse: Growth (cm): Level: (H,M,L) Level: (H,M,L) Level: (H,M,L)

General Notes & 
Comments:

Barrier Condition Weather Events
Stake: Barrier: Repair Wind, Rain, Snow, etc


