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Overview of 2004/05:
This past year focused on data collection for both shelterwood trials (key remeasurement years).
All data was collected as originally proposed.  From the SBS trial data was collected on
vegetation, natural regeneration, planted stock, seedfall, windthrow and microclimate.  All this
data has been summarized into file reports.  From the Mt. 7 installation of the ICH trial all the
vegetation, natural regeneration, planted stock, and growth and yield information was collected
and summarized.  Additional deliverables for this project include a LINK article drafted by
FORREX staff, further work on a JEMS article on regeneration issues associated with
shelterwoods by FORREX staff, and publication of the fifth year planted stock response in Forest
Ecology and Management by former project leader Deb DeLong.  The SBS demonstration trial
was maintained and signs prepared for the ICH trial.  There has been continued transfer of
information from the SBS trial to the Mule Deer Strategy and Biodiversity Committees (CCLUP).
The SBS trial was presented to UBC Forestry 351 field school and a group of visiting professors
from Sweden.  The ICH was highlighted in the summer SISCO held in Golden and research staff
held an informal tour of the Mt. 7 site in June for Ministry of Forests and company staff.

Abstract
This project links two long-term, shelterwood silvicultural systems trials in BC.  Although the
trials were initiated for different reasons, visual constraints and root disease in the ICH, and
species conversion in the SBS, there are similar goals and treatments in the trials.  Both trials
examine shelterwood harvesting systems (basal area retention, type of removal, marking) and
regeneration success which will influence stocking and free growing policy standards.  Data from
the trials can address wildlife and biodiversity issues.  The SBS trial, initiated in 1990, was
designed to attain natural Douglas-fir regeneration through the use of uniform shelterwood
silvicultural systems.  The ICH trial was initiated in 1993 because a significant percentage of the
landbase was being harvested with partial retention systems to meet guidelines for visual,
ungulate habitat and other values.  There are serious management questions about the
productivity, regeneration, and future health of these forests, especially as a large portion of the
area is infected with root disease such as Armillaria ostoyae and Inonotus tomentosus.

Introduction

SBS Trial:
The SBS trial was set up in the SBSdw biogeoclimatic subzone in the Central Cariboo Forest
District (Williams Lake). For economic and biodiversity reasons, it is important to retain a range
of tree species across timber supply areas.  Large-scale conversion of land currently growing
Douglas-fir to lodgepole pine could lead to a less sustainable economy.  Also, the CCLUP
requires species composition to be maintained across the landscape to meet biodiversity needs.
Compared to pine, Douglas-fir has a higher product (e.g. plywood) and biodiversity value (e.g.
birds). Also, mule deer are a key management species under the CCLUP which directs
development of mule deer winter range management plans.  Information will be used from this
trial to refine appropriate silvicultural systems for winter range.

ICH Trial:
The impetus for the ICH study was the increasing use of partial retention systems such as



shelterwoods in several Kootenay forest districts in order to meet guidelines for visual, ungulate
and other values.  The presence of root disease in complex (up to 12 tree species) stands raised
some serious management questions about the productivity, regeneration, and future health of
these forests.

Topics we are addressing:
• Regeneration studies (natural and planted) are necessary to document the effects of the

residual overstory, harvesting method and root disease on survival and growth of various
species.  This will result in recommendations or information to develop guidelines for species
selection, silvicultural systems to use, and harvesting methods especially on root disease
infected areas.  Currently there are no stocking or free-growing standards for shelterwoods.

• Vegetation studies will document the difference in vegetation development across the logging
treatments.  Understory vegetation can be strong competition for tree regeneration, important
cattle and mule deer forage, and valuable wildlife habitat.  Species presence and abundance
may vary considerably with residual basal area.

• Assessment of light and climate conditions in the stand treatments will provide information
on regeneration success under different levels of basal area retention that provide a variety of
canopy gap sizes.  Sufficient light is required to maximize tree growth, however, enough
cover must be present to reduce frost damage (especially in the SBS).

• Growth and yield data is being collected to determine the impact of partial cutting on the
stand yield and indirectly on AAC.

• Specific to the SBS trial, relationships between snow depth and canopy are being explored.
Information will be used to develop the Mule Deer Strategy for transition and deep snowpack
winter ranges.

• Specific to the ICH trial, soil disturbance and compaction studies will proceed periodically to
assess recovery time (early assessment completed).

Common objectives for the two trials are:
• Evaluate the impact of various levels of basal area retention, and harvesting systems

(equipment, season, removal intervals) on the survival and growth of natural and planted
regeneration,

• Investigate the effects of microenvironment (light, frost), understory vegetation, and soil
properties on the survival and growth of natural and planted regeneration,

• Evaluate the growth and yield implications based on residuals and new regeneration,
• Provide resource managers with research results and potential options for stand management.

Trial specific objectives are:
• In the SBSdw trial, to measure snow and forage response levels of residual basal area then

develop silvicultural systems appropriate for mule deer winter range.
• In the ICH trial, to compare the success of conventional harvesting with pushover harvesting

in ameliorating the effects of Inonotus and Armillaria root diseases, on seedling survival and
growth.

Methods

SBS Trial

The SBSdw trial is a randomized complete block design with each treatment replicated on 3
blocks.  Each block is 20-40 ha and located on three separate sites (BEE, GLR and UBC) in the
Central Cariboo Forest District.  After two harvesting entries (1991 and 2001), there are 5



treatments of basal area retention of 15, 20, 30, 40 and 60 m². Each treatment unit is 1.4 ha.
Three clearcuts were added for the planted stock study.  Removals for both entries were based on
thinning from below.  The final cut will be completed on all units in 2011, given sufficient
stocking.

ICH Trial

There are two sites (Mt. 7 near Golden and Ice Road near Nakusp) with seven treatments each
established in a 2 x 3 factorial with controls in a completely randomized design (CRD).  Each
treatment is replicated twice on site.  The first factor in the experimental design was harvesting
method (hand falling and pushover falling).  The second factor included three levels of basal area
retention: clearcut, light retention and heavy retention. The resulting treatment combinations at
both Mount 7 and Ice Road are:

1. Hand-felled clearcut
2. Hand-felled light retention cut (70% basal area removal)
3. Hand-felled heavy retention cut (50% basal area removal)
4. Pushover-felled clearcut
5. Pushover-felled light retention cut (70% basal area removal)
6. Pushover-felled heavy retention cut (50% basal area removal)
7. Unharvested control for hand felled
8. Unharvested control for pushover logging

Mount 7 was harvest in January to March of 1995 while Ice Road was harvested one year later in
the winter of 1995/1996. All residual trees in treatment units designated as light or heavy
retention cuts were marked prior to logging.  Healthy trees of the preferred species and with good
form were selected for retention.  Each of the above treatments was replicated twice and
randomly located in one of 16 square 1 ha openings.  Within every 1 ha treatment unit, a sixteen
point grid was established on a 20 m x 20 m interval for a total of 256 subplots per site.  Subplot
centres were marked with uniquely numbered metal tags.  Pre-treatment data collection was
completed in 16 - 100 m2 (0.01 ha) circular permanent subplots per treatment unit.

Results and Discussion

We have provided a short summary of the results and discussion for each topic addressed in the
trial in 2004/2005, plus a citation for the products delivered to the Ministry of Forests library.
Most of the reports are draft or interim products and are not ready for general circulation.

SBS Windthrow
A Ministry of Forests file report was completed on the annual windthrow rates on the various
treatments in the trial blocks. From May 2003 to May 2004, 43 trees fell: 81% Douglas-fir, 9%
hybrid spruce, 7% pine, and 2% aspen.  Sixty-seven percent of the trees were alive at the time of
fall while 16% were recently dead and 16% were in decline. On the UBC and GLR sites, most
trees fell to the south indicating the wind came from a northerly direction. On the Beedy Creek
site, the direction of fall was variable.  The type of breakage varied from site to site. At UBC, 13
of 15 trees came down with the root plate in tact during a wind storm on October 28, 2003. This
block has a shallow rooting depth and has been prone to windthrow since 2001, especially in the
15 and 20 m² treatments.  At GLR, breakage high up the stem was most common (63%) (12 of 19
trees).  There were various types of breakage on the BEE site (9 trees).  The rate of windthrow is
calculated as the number fallen per ha divided by the stand density per ha times 100.  The highest
rate (%/ha/yr) of windthrow in 2003-04 occurred in the 15 and 20 m² units at UBC and the 15 m²
unit at GLR.  When the blocks are averaged the highest rates of fall are in the 15 and 20 m² units.



The buffers were also cut to 20 m² but had a much lower average rate of fall than the 20 m²
treatment units.  This is related to the high rate of fall in the 20 m² at UBC.  The rate of fall on the
other two sites for this treatment has been fairly low.

This is the first year since harvesting in 2001 that there has been a measurable amount of
windthrow on the BEE and GLR sites.  The UBC site continues to be problematic with similar
amounts of windthrow occurring each year in the buffer, 15 m² and 20 m² units.  The majority of
windthrow on the UBC site is related to strong wind storms which generally occur in the fall.
This flat, moist site is also exposed to the prevailing wind due to recent harvesting on adjacent
blocks.  Windthrow has been salvaged annually from the UBC site.

Waterhouse, M. 2005. EP1104.01 – Windthrow File Report for 2003-2004

SBS Microclimate
Climate stations were maintained and downloaded three times over the field season.  Data was
summarized in a file report.  The residual forest cover modifies the stand microclimate compared
to a clearcut and the degree of modification increases with basal area retention.  As for previous
years, the Gavin 0 m2 site (clearcut) had the longest duration of sub-freezing temperatures (2406
minutes) and the most frosts (12, with 2 being severe (< -4°C).  The forested sites received 4-6
frosts, and had no minimum temperatures less than -4°C during the 2004 growing season.  There
were no frosts during the mid-summer period at any of the forested sights.  The frosts that did
occur, happened either before mid-June or after mid-September.  Minimum air temperatures are
typically lower at Gavin 15 m2 (sometimes more than 1°C lower).  In a few cases this represented
the difference between having frost at the Gavin 15 m2 and no frost at the Gavin 20m2 site. The
seasonal mean minimum air temperature at Gavin 15 m2 was 0.5°C lower that that at Gavin 20
m2, while the extreme minimum was 1.2°C lower.

Sagar, R.M. 2005.  Shelterwood trial microclimate: 2003-2004 project  EP1104.01

SBS Planted stock and natural regeneration
In 1994, about 100 Douglas-fir seedlings were planted into the 60 m², 40 m² and 30 m² treatment
units that were cut one time in 1991.  Seedlings were also planted in two adjacent clearcuts.  After
10 years, survival was 80% in the clearcuts and 30 m² units, but only 48% in the 60 m² units. In
the clearcuts, initially there was high mortality and damage from frost and cattle but vigour and
form has improved as the seedlings have grown through the frost layer probably aided by the
regenerating pine trees that have grown tall enough to provide some shelter. The mean diameter
of the surviving trees was 25.6 mm in the 0 m², 13.1 mm in the 30 m², 9.0 mm in the 40 m² and
6.5 mm in the 60 m².  There were also strong differences in height: 120 cm in the 0 m², 77 cm in
the 30 m², 56 cm in the 40 m² and 48 cm in the 60 m².  This continues to point to the need to
reduce the basal area in the stand substantially to provide enough light and resources to the
regeneration layer, while providing frost protection to small seedlings.

Nemec, A.  2005.  EP1104.01 Statistical summary and analysis of data collected in 2004 for
planted stock (first harvest, Year 10) and natural regeneration.

SBS Natural regeneration
For the natural regeneration study, 2004 was the fourth year post-second harvest for the 15 m²
and 20 m² units and fourteen years post-first harvest for the 30 m² and 40 m² units.  There
continues to be a great deal of variability between the sites with the densest regeneration (all size
classes, <7.5 cm dbh) on the BEE site (35,000 - 56,000 stems/ha) compared to GLR (3,000 -



23,000 stems/ha) and UBC (1,500 to 9,600 stems/ha).  The BEE site has very high densities on all
the treatments, while on the GLR and UBC sites there is a pattern of density associated with
treatment.  The least regeneration occurred in the 60 m² units (1,500 to 3,000 stems/ha) and the
most occurred in the 15 m² and the 30 m² units (6,000 - 25,000 stems/ha).  The lower amounts in
the 20 m² units and 40 m² units may relate back to the method of harvest in 1991 where
handfalling and lineskidding of whole trees may have damaged regeneration. The number of
germinants was low and variable among treatments (0 – 400 stems/ha).  The density of trees over
10 cm (minimum height for stocking surveys) follows the same pattern as combined size classes.
At BEE there is 25,000 to 30,000 stems/ha across treatments, while at GLR there is a low of
1,600 stems/ha in the 60 m² and other units with (6,000 – 17,000 stems/ha).  In the UBC 15, 20
and 30 m² units density ranged from 2,600 – 6,400 stems/ha but was quite low in the 40 m² (430
stems/ha) and 60 m² (1,000 stems/ha).  At this point in time there is adequate stocking in the 15,
20, and 30 m² units on all sites.

Nemec, A.  2005.  EP1104.01 Statistical summary and analysis of data collected in 2004 for
planted stock (first harvest, Year 10) and natural regeneration.

SBS Seedfall

Douglas-fir, hybrid spruce, lodgepole pine and paper birch seeds were collected from the study
sites in May, 2004 (2003 seed crop).  Paper birch averaged 2.5 millions seeds per ha in the no-
harvest treatments (60 m² RBA) but 47,000 seeds/ha in the 20 m² treatments.  Birch was
selectively removed in 20 m² units in the 1991 harvest entry.  The amount of lodgepole pine
collected was minimal (3,378 seeds/ha) and none of it was viable.  This species was also
preferentially removed in 1991 and 2001, and there has been significant mortality of the pine
trees in the no-harvest units in recent years from mountain pine beetle.  Viable Douglas-fir seed
was the most common species collected in the 2003 seed year (about 220,000 viable seeds per ha
over the three sites), followed closely by hybrid spruce (about 105,000 seeds/ha).  Viability of the
Douglas-fir seed crop was 33% while the spruce was 52%.  The Douglas-fir seed crop on the
UBC site was much larger than the other two sites.  All sites show the same trend of more seed
being produced in the 20 m² units, even three years after harvest.  Harvesting in 2001 plus the
continued exposure to more light, and wind creates stress on the trees simulating them to produce
more cones in the 20 m² unit compared to the no-harvest treatment.

Waterhouse, M. EP1104.01 Shelterwood trial file report: seedfall for the 2003 seed year

SBS Vegetation

This study measured the vegetation response to the level of basal area retention.  Vegetation may
affect the growth of Douglas-fir regeneration, and the abundance of species with high forage
value for mule deer or cattle.  Percent cover data was collected from 120 – 3.99 m radius plots.
Analysis of variance showed that there were no significant (α=0.05) differences among treatments
for the shrubs layers (B1 and B2), or the herb layer (C); however, the percent cover of the D layer
was significantly affected by residual basal area (p = 0.009).  Specifically, there was less moss
and lichens in the 15 m², 20 m², 30 m ² treatments, than the 40 m² or 60 m² treatments.
Furthermore, twinflower (Linnaea borealis) (p = 0.04), hybrid white spruce (Picea glauca x
engelmannii) (p = 0.09) and Douglas-fir (p = 0.03) all showed significantly higher cover in the
treatments with less than 30 m².  Conversely, red-stemmed feathermoss (Pleurozium schreberi) (p
= 0.03), step moss (Hylocomium splendens) (p = 0.001), and electrified cat’s-tail moss
(Rhytidiadelphus triquetrus) (p = 0.008) were less abundant in the treatments with less than 30 m²
residual basal area.  Subalpine fir (Abies lasiocarpa) (p = 0.06) was less than 1% in the harvested



treatments but 5% in the unharvested treatment (60 m²).  This resulted from the slashing of
subalpine fir in all harvested treatments in 2001.  Four years after the second harvest (and a
slashing treatment), Douglas-fir has responded positively to the increased resources, while the
herb layer and shrub layers, and the cover of the majority of plant species remains similar among
treatments.

Waterhouse, M. 2005. Fourth year vegetation response to various levels of retention in a
shelterwood trial (EP1104.01)

ICH Vegetation

The specific objectives of this study are to 1) compare the impacts of different levels of basal area
removal on the percent cover and height of competing after logging and 2) compare the impacts
of pushover falling and hand falling on the percent cover and height of vegetation after logging.
Vegetation monitoring was conducted in 128 – 3.99 m radius plots in the summer of 2004.

A total of 94 species were recorded including 3 ferns, 9 conifer trees, 4 broadleaf trees, 19 shrub
species, 46 herbs (note 3 low-lying shrubs species are included here), 5 graminoids, 2 lichen
genera, 6 moss species. The number of species (P<0.01), and the percent cover of the low shrubs
(p<0.00) and herb cover (P<0.01) are significantly lower in the uncut control compared to the
harvested treatments. The difference in tall shrub cover is not significant between the control and
harvested treatments (P<0.22) while the percent cover of non vascular plants (mainly bryophytes)
is much higher in the control (P<0.00). When the silvicultural systems were compared without
the control none of these plant community attributes were significant.

Nearly half of the species surveyed occur in less than 15% of the plots. Seventeen species differ
significantly in percent cover between the control and the harvested treatments. Aralia nudicaulis,
Goodyera oblongifolia, Smilacina racemosa, and older specimens of Acer glabrum were all
significantly higher in the control. Similar results were obtained for dominant bryophytes
Hylocomnium splendens, Pleurozium shreberri, Pitlidium crista-castrensis, and Rhytidiadelphus
triquestrus. Percent cover of Larix occidentalis, Pseudotsuga menziesii in the shrub layer are
significantly higher in harvested treatments. A similar trend is true for Salix lucida >2metres,
Epilobium angustifolium, Lonicera involucrata, Rubus parviflorum, and Cornus canadensis.

A comparison of the two levels of retention (15 m² and 30 m²) and clearcuts showed that the level
of retention was the most important factor influencing vegetation response. Several species are
more abundant in clearcuts and appear positively correlated with a light level inferred by level of
retention. These include: Larix occidentalis, Picea engelmannii, Pseudotsuga menziesii, and
Lonicera utahensis in the lower shrub layer. A number of species appeared to follow the reverse
gradient including Aster ciliatus, Acer glabrum in the lower shrub layer, Carex spp., Chimaphila
umbellata, Moneses uniflora, Orthilia secunda. Salix lucida in the tall shrub layer has higher
cover in the clearcuts but lower abundance with the pushover logging treatments while
Pseudotsuga menziesii in the lower shrub stratum has higher cover in the clearcut but lower
abundance with conventional harvesting. Populus tremuloides in the lower shrub stratum was
highest in the pushover treatments regardless of retention level while understory herbs Disporum
trachycarpum and Pyrola chloranta were highest in the conventional harvesting treatment.

The percent cover of conifers in the tall shrub layer is higher with lower retention levels and is
consistent with the report on planted seedling response 5 years after treatment (Delong et al.
2005). However the interpretation of effects of treatments on conifers especially in the lower
shrub layer using percent cover is confounded with planting in harvested areas. This aspect will



be best assessed with the regeneration plots. The response of understory vegetation is similar to
other shelterwood trials showing an increase of heliophytic species with a decrease in retention
and a decrease in the number and abundance of feathermoss species (Waterhouse 2005). Only
four vascular understory plants species are significantly more abundant in the control compared
to harvested treatments which in general have increased the number of vascular plant species. The
pushover treatment did not appear to have a major effect on the understory plant community ten
years after treatment with a few exceptions.

Arsenault, André. 2005. Understory vegetation response ten years following different silvicultural
systems treatments on Mount 7, British Columbia. EP1186

ICH growth and yield, planted stock and natural regeneration

Tenth year seedling and residual tree data collection was completed on the Mount Seven research
site in September 2004.  All 256 subplots over 16 treatments plots were assessed for growth and
performance of natural and planted regeneration. Seedling growth, survival and condition, level
of competing vegetation, and observed seedling damage were recorded. A previously selected
group of natural regeneration were assessed and the number of regeneration within a 3.99 m
radius assessment plots were tallied.

Using the same 256 subplots centres, trees 4 cm or greater at DBH (diameter at breast height)
were assessed in a 5.64 m radius subplot to assess the differences in growth and yield across all
stand treatments.  Predominantly residual trees left after logging were assessed but new trees
were added to this data set from residual trees and planted regeneration usually western larch that
grew into the 4 cm category. The MSRM standards for assessing growth and yield plots were
used.

Preliminary results indicate that the planted seedlings are generally significantly larger on the
pushover logging treatment whereas the results are more varied for the natural regeneration.
Increases in retention levels result in significantly smaller seedling ground level diameters. Total
seedling height follows the same pattern as diameter but is not always significantly different
between the 15 and 30 m2 BA retention levels. Natural seedling height and diameter have similar
trends as the planted seedlings but significant differences are less common.

Residual tree assessments indicate that the total volume per tree in the 15 m2 treatment is lower
than in the 30 m2 treatment. This result is probably due to more trees growing into the 4 cm size
class and these smaller trees are bringing down the average tree size.  When only the original
residual trees (tagged in 1995) were considered, the increase from 1995 to 2004 in basal area and
volume per tree tended to be higher for both pushover and hand felled logging methods in the 15
m2 treatments compared to the 30 m2 treatments.

Nemec, A. 2005. EP1186: Partial Retention using Hand Falling and Pushover Falling in the ICH
Zone - Mt. Seven 2004 Analysis package for growth and yield and
regeneration

The fifth year planted stock results were published in a journal (not a listed deliverable for the
project).

DeLong, D., S. Simard, P. Comeau, P. Dykstra, and S. Mitchell.  2005. Survival and growth
response of seedlings in root disease infected partial cuts in the Interior Cedar Hemlock zone of
southeastern British Columbia.  Forest Ecolology and Management 206: 365-379.



Extension Activities
The demonstration trail was cleared and maintained in the SBS trial block at Gavin Lake.  Signs
were designed and made for the ICH trial treatment units.  There has been continued transfer of
information from the SBS trial to the Mule Deer Strategy and Biodiversity Committees (CCLUP).
Four extension events were hosted on the trials. The SBS trial was presented to UBC Forestry
351 field school (50 people) and a group of visiting professors from Sweden (20 people).  The
ICH was highlighted in the summer SISCO held in Golden (80 people) and research staff held an
informal tour of the Mt. 7 site in June for Ministry of Forests and company staff (8 people).  A
article, providing a brief overview of the project, was prepared and submitted to LINK. Also, Al
Wienscyzk (FORREX) is preparing a more general article regarding regeneration issues in
shelterwoods for JEMS.  These trials are a major input to that paper.


