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Abstract: Sicamous Creek is a long-term, multi-disciplinary, multi-agency
research study that uses operational-scale replicated experimental treatments to
measure the ecological impact of alternative harvesting practices on a high
elevation, wet cold ESSF forest in the Interior. The project was initiated in 1990
to provide the forestry community with information on the sustainability of
clearcutting and alternatives. Over 40 researchers have worked together to help
fulfil high priority information needs, including: harvest costs of clearcutting
alternatives; forest regeneration; watershed impacts; nutrient cycling and soil
productivity; pest management; floral and faunal biodiversity. This report
documents progress made in seven components of the project: publication of
climate and snow data; measurement of regeneration response; measurement of
growth response of trees following partial cutting; reporting on changes in
ectomycorrhizal fungal community; reporting on response of wildlife indicator
species; reporting on regeneration response at three silvicultural systems trials in
the ESSF; and extension efforts

Financial report: A total of $90,445 was spent on this project. The financial
report is attached.

Detailed report:

The project was organised into eight components. A summary report on each
component follows with activities, results and outputs achieved and a comparison
with objectives specified in the workplan submitted to FII. There were some
minor deviations from the work plan but we were able to make substantial
progress toward the goal of “getting more results out”.



Component 1: Publication of climate data

(We plan) to publish climate data information by March 31st 2003

An abstract of the final report is shown in Appendix 1. A complete copy is
available upon request. The report was not completed in time for publication
before March 31st. It will be published in the B.C Forest Service Technical
Report Series later this year.

Component 2: Regeneration responses

We will re-measure natural regeneration across transects in 1 ha patch cuts and
prepare a draft publication by March 31st 2003. We will analyse data from re-
measurements of 5 year seedlings in all site preparation plots, analyze the data
and prepare a draft publication by March 31st 2003. We will also analyse re-
measurements of  3 year seedlings planted across a 50 m E/W strip, and prepare
a draft publication by March 31st 2003. Climate and seedling physiology
measurements across the strip will be continued in 2002 to add to our
understanding of how seedlings grow under cold soil conditions and a draft report
will be prepared by Mar 31st 2003.

Approval was received too late for measurement of natural regeneration across 1
ha patch cuts. This will be carried out in the summer of 2003, if funds are
available.

Approximately 16,000 site preparation seedlings were re-measured in the fall of
2003. The large data set has been cleaned and the data archiving procedures
have been completed. The data analysis and report writing has not been
completed because of time constraints. A summary table of the data is attached.

Table: Six year seedling height, root collar diameter, and survival at Sicamous
Creek

Treatment Fir Spruce Fir Spruce Fir Spruce
 total ht  total ht  diam diam survival survival

Site Prep Control 29.9 (2.2) 50.1 (2.7) 7.1 (0.4) 8.7 (0.5) 0.46 0.62

Burn 36.5 (3.4) 65.5 (5.3) 9.3 (0.5) 11.3 (0.8) 0.57 0.66

Mound 34.7 (2.1) 54.8 (3.1) 8.8 (0.7) 11.3 (1.0) 0.64 0.72

Scalp 31.8 (2.4) 54.7 (4.0) 8.6 (0.7) 12.4 (1.1) 0.65 0.68

Harvest control 22.5 (1.1) 39.2 (1.3) 6.3 (0.2) 7.0 (0.2) 0.36 0.51

ITS 30.2 (2.2) 47.0 (2.7) 7.4 (0.5) 8.6 (0.6) 0.57 0.68

0.1-ha 41.1 (3.6) 70.2 (5.3) 9.3 (0.8) 13.0 (1.1) 0.61 0.69

1-ha 36.4 (1.5) 61.8 (2.5) 9.7 (0.5) 13.0 (0.6) 0.63 0.67

10-ha 35.4 (2.1) 63.2 (3.1) 9.5 (0.5) 13.1 (0.7) 0.64 0.83



Climate and seedling measurements across the strip were completed. A
summary graphs of the seedling data follow but analysis has not been completed
because of time constraints. An extract from the climate report is presented in
Appendix 2. The full report is available upon request.

Seedling physiology experiments were completed and an abstract from the final
report is in Appendix 3. The complete report is available upon request.
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Diameter across openings by mound treatment: fir
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A presentation on site preparation was given at Winter SISCO March 11th 2003.
Results from Sicamous Creek were used in the presentation. The abstract is
shown in Appendix 4.

Component 3: Growth response of residual trees in the ITS treatment.

The growth response of residual stands following individual tree selection is not
known in ESSF stands. 52 PSP's meeting provincial standards have been
established in control and ITS treatments at Sicamous Creek over the past five
years. They were re-measured in 2001 to bring them all to a common year and to
assess seven year growth response and to include information on snags, CWD,
insect disease and abiotic damage and site series. The data will be analysed and
a draft report on response to ITS treatment will be prepared by Mar 31st 2003.

An extract from the final report on growth response is presented in Appendix 5.
The results will be presented in the form of a poster to the IUFRO meeting on
Uneven-aged forest management in Helsinki Finland, June 2003.

Component 4: Importance of changes in the ectomycorrhizal fungal
community on uptake of nitrogen

We have recently completed a study at Sicamous Creek in which accumulation
of 15N-labelled ammonium, nitrate or aspartate was quantified. The results
suggest that uptake of nitrogen depended strongly on the ectomycorrhizal fungus
on the root system.  This work is ready to be published except that the
ectomycorrhizal fungi remain to be identified. This involves extraction of DNA
from frozen stored root tips, amplification using the polymerase chain reaction
and sequencing of sections of internal transcribed spacer region of the ribosomal
DNA genes. A draft publication will be prepared by Mar 31st 2003.

A draft scientific manuscript has been prepared. An extract from the manuscript
is shown in Appendix 6.

A poster titled “Nitrogen uptake by spruce seedlings: Do mycorrhizae matter?”
was presented by Melanie D. Jones, Frank Grenon, Heather Peat, and Leanne
Philip at the Winter SISCO meeting March 10th 2003

Component 5. Post treatment response of wildlife indicators to harvesting
and site preparation treatments

We propose to complete and submit for publication a scientific manuscript that
develops the habitat relationships (for the red-backed vole).



We propose to develop the summary report into a scientific manuscript that will…
analyze effects of silvicultural systems and site preparation treatments on
ground-dwelling invertebrate taxa and shrew species in the ESSF.

The initial proposal to prepare reports on the habitat relations of red backed voles
was found to be unsuitable after an examination of the data. However, a scientific
manuscript has been prepared on the effect of edge on the same species. The
abstract of this paper follows in Appendix 7.

The response of invertebrate communities, shrews, and other wildlife indicators,
to harvest treatments was summarised in the following three extension products:

Huggard, David J. and Alan Vyse. 2002. Edge effects in high elevation forests at
the Sicamous Creek Project.. British Columbia Ministry of Forests Research
Program Extension Note 62

Huggard, David J. and Alan Vyse. 2002. Comparing clearcutting and alternatives
in a high elevation forest: early results from the Sicamous Creek Project. British
Columbia Ministry of Forests Research Program Extension Note 63

Huggard, David J. and Alan Vyse. 2003. Site preparation effects in high elevation
forests: results from  Sicamous Creek. Poster presented at  Winter SISCO 2003
Research poster session, Penticton March 2003. In review for publication in the
Extension Note series.

An additional scientific manuscript on invertebrates was prepared and published:

Huggard, D.J. and W. Klenner. 2003. Grylloblattids in managed forests of
south-central British Columbia. Northwest Science. 77:12-18.

Component 6. Snow accumulation and melt in small gaps

We plan to report the maximum snow accumulation and average melt rates in
one 10 ha clearcut at Sicamous Creek (B5).. The report will help operational
foresters and the public to improve their understanding of snow accumulation
and melt patterns in clearcuts. A publication will be published under the
Research Report series of the B.C. Forest Service. Publication will be completed
by March 31st 2003.

This work has been completed but was combined with Component 1 at the
request of the authors.

Component 7:  Mountain Forests synthesis



Sicamous Creek is only one of several interdisciplinary, long term, mountain
forests studies in British Columbia. Many people are not aware of either the
studies or their interlinked nature. A draft extension note describing the studies
and the early results from these studies will be prepared by Mar 31st 2002.

We (will carry) out a detailed analysis of planted seedling response to alternative
harvesting treatments at the Lucille Mountain, Quesnel Highlands and Sicamous
Creek. A draft publication will be prepared by March 31st 2003.

The draft publication on seedling response was prepared and is under review. An
abstract is included in Appendix 8. A poster on the same topic was presented at
the Winter SISCO 2003 poster session. The job of collating data from the three
sites was much more difficult than expected. As a consequence, the draft
extension report requires more work before it will be ready for publication.

Component 8: Extension of results from Sicamous Creek

1. update the poster display using the material already prepared for the project
brochure;

2. assist in funding publication of Sicamous and associated high elevation
papers as part of the Mountain Forests issue of Forestry Chronicle, scheduled
for January or March 2003;

3. produce a field guide to the Sicamous Creek site for use in future field trips (in
the form of a B.C. Forest Service Extension Note);

4.  participate in a Mountain Forests extension event planned for March 2003 in
association with Winter SISCO

The poster display has been completed and was shown at Winter SISCO. A
paper copy of the display is attached.

The Mountain Forests collection of papers will appear in the March/April issue of
Forestry Chronicle.

A field guide was produced for the Mountain Forests symposium visit to
Sicamous Creek. It has been revised for more general use and will be reviewed
and produced as a Technical Report in the summer of 2003. The draft is
available upon request.

Posters on research in Mountain Forests were featured in the WINTER SISCO
2003 Research poster session held in Penticton March 10th 2003. A list of the
posters presented at that session follows with Mountain Forests posters indicated
by *:

André Arsenault. Macrolichen and calicioid lichen diversity in old and young
cedar-hemlock forests of southern British Columbia..



André Arsenault. From silviculture to morticulure: An assessment of cwd
management in Lodgepole stands of the MSxk, Kamloops Forest District..

André Arsenault. The ecology and management of dry Douglas-fir forests: the
Opax mountain silvicultural systems study.

*Joe Alcock. Snow avalanche management in forested terrain

Karen Baleshta. Effect of paper birch density on the performance of interior
Douglas-fir when grown in mixture in the southern interior of British Columbia.

Chuck Bulmer. Soil strength and moisture content as factors affecting forest
productivity on rehabilitated and degraded sites BC.

Bruce Campbell. Effect of mycorrhizal inoculation on lodgepole pine growth
planted on landings

Mike Cruickshank. Growth reduction of Douglas-fir due to non-lethal infection by
Armillaria ostoyae

Ken Day and Bev Atkins. Commercial Thinning in Mule Deer Winter Range --
Early Implementation Results

*Tim Giles. Stream channel monitoring

*Christine Ferguson and A. Vyse. Seedfall and seed dispersal in the ESSF

Jean Heineman. Expert system for vegetation management

*Brian Heise. Impact of logging on stream temperature

*Dave Huggard. Edge effects in high elevation forests: results from Sicamous
Creek

*Dave Huggard. Comparing clearcutting and alternatives in a high elevation
forest: early results from Sicamous Creek

*Dave Huggard. Site preparation effects in high elevation forests: results from
Sicamous Creek

*Melanie Jones. Nitrogen uptake by spruce seedlings in the ESSF: Mycorrhizal
fungi make a difference

*Walt Klenner. Natural and managed mountain forests: disturbance regimes and
implications for resource management



*Cleo Lajzerowicz. Regeneration performance in three high elevation silvicultural
systems studies across British Columbia.  Effects of canopy retention on seedling
growth and microenvironmental conditions.

*Ernest Leupin. Effects of Silvicultural Alternatives on Songbirds in British
Columbia’s High Elevation Forests

*Lorraine Maclauchlan. Influence of the western balsam bark beetle, Dryocoetes
confusus, on subalpine fir, Abies lasiocarpa, stand dynamics.

Hadrian Merler and Alan Vyse. Species performance in the ICH: results from the
Hidden Lake Species trial

*Al Mitchell. Growth limitations on regeneration in a subalpine forest at Sicamous
Creek

*Roberta Parish. Comparison of natural stand dynamics among old-growth
Engelmann spruce - subalpine fir forests of southern British Columbia

Tom Sullivan. Incremental Silviculture of Lodgepole Pine:  Summer and Winter
Range Use by Deer and Moose

Tom Sullivan. Influence of Fir Retention on Stand Structure and Mammal
Diversity in Mixed Douglas-Fir - Lodgepole Pine Forests

Tom Sullivan. Old-growth Attributes in Intensively Managed Forests: Integration
of Stand Productivity with Mammal Diversity

H. Temesgen. Adjusting Future Yield Predictions to Reflect the Impacts of
Different Levels of Green Tree Retention

*Alan Vyse. Sicamous Creek Silvicultural Systems Project

*Rita Winkler. Upper Penticton Creek Watershed experiment : early results

Contribution of the project to operational practice

Sustainable management changes have already been affected by results from
Sicamous Creek, and will continue to be with ongoing re-measurements, data
analysis and extension. These include:

- Impacts of alternative harvesting and site preparation practices. Changes
include more use of alternative systems where these are appropriate, the
ability to consider multiple resources where alternatives are proposed (e.g.,
being able to incorporate knowledge of regeneration, hydrology, and other



species where patch cut arrays are being used for caribou management),
reduction of potentially damaging site prep where it is unnecessary, and use
of site preparation for multiple ecosystem objectives.

- Improved confidence in reliable techniques to regenerate spruce and
subalpine fir in high-elevation sites for timber and other ecosystem values.

- Information on growth response of residual trees in continuous-cover (partial
cut) systems, allowing better evaluation of long-term timber supply with these
systems.

- Improved information to model effects of alternative harvest systems on
snow-pack hydrology, the source of drinking water for many Interior
communities.

- Changes in harvest systems and block design to mitigate damage to residual
trees from wind, snow, bark beetles and other agents.

- Harvest and site preparation management to reduce negative effects on soils,
and floral and faunal biodiversity.

Operational trials of alternative systems based on the results of the project are
already being conducted in the Sicamous Creek area.  The Sicamous Creek site
is helping managers of high-elevation forests base their professional decisions
on the wide body of scientific information that is required by results-based forest
management.  This represents a substantial change from previous rules-based
management.



Appendix 1

Title: The Climate Near the Ground at Sicamous Creek: In the Forest, at the
Edge and in Openings

By D.L. Spittlehouse, R.S. Adams, R.D. Winkler, & A.L. Orchansky

Abstract:

The climate at the site of the Sicamous Creek Silvicultural Systems Project is
cool and moist with a mean annual air temperature of 1.2°C and annual
precipitation of 950 mm, over half of which occurs as snow. The present study, in
agreement with other studies, shows that most of the change in microclimate
from forest to opening takes place within ±1 tree height of the edge. Openings of
less than one tree height in diameter have a solar, wind and thermal environment
similar to that in the forest. Edge orientation can have an effect, particularly for a
south-facing edge, where solar radiation can penetrate some distance into the
forest for much of the day. Wind blowing directly into the edge penetrates farther
into the forest than from other directions. The forest intercepts 20 to 30% of the
precipitation. On sunny days the forest air temperature near the ground was 2 to
4°C cooler than in the large openings. Near-surface daytime soil temperature
was 2 to 4°C cooler in the forest. Night-time soil temperatures were similar.



Appendix 2

Seedling root zone and aerial temperature associated with mounding on an
ESSFvv site in the B.C. Interior

By Alberto Orchansky

Abstract

This report further substantiates the November 2000 findings on soil warming by
the soil preparation technique of mounding, presents new data indicating the
effects of distance from a forest edge over soil an air temperatures, characterizes
aerial seedling microenvironment, and presents three years of data quantifying
the differences between treatment according to its location and aspect in degree-
days units. Air temperature measured from 1.5 m height to the seedling height,
as well as soil temperatures measured in mounds and undisturbed soil, were
similar in a clearcut station at least 50 m from any trees and the centre of a strip
cut at a distance of 1 tree height form a forest edge.

During the snow free period, seedlings were, on a daily basis, exposed to air
temperatures as much as 15°C higher and 10°C lower than the temperature
measured within their soil root-zone.  Freezing level air temperatures at seedling
height were coomon during the snow free period.  Below freezing soil
temperatures were reported within the forest in Southern exposed mounds at the
end of winter, due to faster snowmelt.  The differences between m and u
treatments in the accumulated degree-days were much more pronounced in both
the forest edge and within the forest than in the centre of the strip.  The lowest
accumulated degree-days values were observed in the u treatment within the
forest with a northern exposure and were and about one-third of the values
achieved in the centre of the strip. At this location the m treatment doubled the
degree days. The highest values and variability of accumulated degree-days
were observed in mounds located in the centre and in the South facing strip
edge.  At the South facing strip edge, mounding will add about 15% heat to the
value observed in undisturbed soil.  In the centre of the clearing, differences
between mounding and undisturbed soil treatments in terms of accumulated heat
units is about 11%.



Appendix 3

Effects of cold soils on seedling growth and physiology

By A.K. Mitchell A. Vyse, and T.A. Bown

Abstract

Low soil temperature is widely held to be a major limiting factor in the growth of
regenerating tree species in subalpine forests. However, under field conditions
warmer soil temperatures and site preparation are not always associated with
improvements in tree seedling performance. However, little is known about the
effects of low soil temperature alone on seedling growth and physiology. In this
study we quantify the effects of soil temperature on phenology and biomass
accumulation in Picea engelmanni (Engelmann spruce. One-year-old seedlings
were grown under different root temperatures (5°, 10°, 15° and 20°C) but the
same above ground conditions (light, temperature, humidity). Both seedling
phenology (bud break) and height growth were little affected by root
temperatures. Low root temperatures reduced total biomass and the effect was
almost entirely the result of reductions in root growth at low temperatures. We
conclude that the effects of low soil temperature are primarily on root growth and
height may not be a good early indicator of the effectiveness of site preparation
in relieving growth limitations.



Appendix 4

How to use site preparation more effectively

By Graeme Hope, Al Mitchell and Alan Vyse

Abstract:

Field experience in the southern interior shows that site preparation can have a
remarkable effect on the success of reforestation operations. This is backed up
by a number of scientific experiments, which show that site preparation can have
a significant effect on seedling survival and growth, under the conditions
investigated. Site preparation, however is not a panacea. There is evidence that
the effects of site preparation can be positive, neutral, or negative. Site
preparation is also a significant expense.

Our presentation will show how the concept of “growth limiting” factors can be
used to make your site preparation decisions more discriminating, more effective,
and less expensive. Examples and new research results will be presented to
illustrate applications of the concept.



Appendix 5

The growth and mortality response of an old growth Abies lasiocarpa / Picea
engelmanni stand to a first entry individual tree selection cut at Sicamous Creek
after seven years.

By Ian Cameron, J.S. Thrower and Associates

Volume Response Summary

The application of Individual Tree Selection (STS) left the treated units with 59%
of standing volume observed in the controls.  The relative proportions of standing
volumes remain unchanged after seven years of growth (Table 1).  Gross growth
and losses to mortality and breakage were approximately equal in STS and
Control units (Table 2.).

Table 1.  Summary of volume statistics.
Volume Statistic STS Control % of

Control
Gross Total Volume
2001

235.7 400.4 59%

Net Total Volume
2001

207.1 348.5 59%

Net Total Volume
1994

212.3 362.4 59%

Mortality Volume 28.6 51.8 55%
Gross Growth 23.4 38.0 62%
Net Growth -5.2 -13.8 37%
Breakage 0.5 1.8 28%

Table 2.  Proportional responses of yield components.

Component STS Control
Mortality 13% 14%
Gross Growth 11% 10%
Net Growth -2% -4%
Breakage 0% 0%



Diameter Response Summary

Diameter increment (DBH_Inc) was analyzed at the level of individual trees.  The
trees from the sub-sample plots were pooled by treatment unit and analyzed with
regressions that predicted DBH_Inc from DBH in 1994 (DBH94).  We analyzed
each block separately because of significant interactions between treatment and
block.

In Blocks 1 and 3, the trends of DBH increments formed parallel lines with the
STS trend significantly above the Control trend.  That is, the slopes of the
regressions were not significantly different but the intercepts were significantly
different.  This indicates that the treatment increased DBH increment by
approximately 0.4  cm across all diameter classes.  The middle block, Block 2,
showed a comparable response in smaller trees, but less response in the largest
trees.
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Appendix 6

Functional diversity of ectomycorrhizal fungi as detected by nitrogen uptake in
the field

By Melanie D. Jones, Frank Grenon, Heather Peat, Michele Fitzgerald, Leanne
Philip, Leigh Holt, Carl Redmond and Robert Bradley

Extract from draft manuscript

There is much interest in the diversity of soil organisms, including
ectomycorrhizal fungi.  Molecular analysis of root systems and soil reveal a large
genetic diversity amongst soil organisms, but we have very poor understanding
of what this means on a functional basis.  One approach to determine functional
diversity amongst soil organisms is to probe for specific genes.  In this paper we
use a mechanistic approach: we measure uptake of various forms of 15N-labelled
soil N by spruce seedlings colonized by different ectomycorrhizal fungi.

By planting non-mycorrhizal seedlings at a site where colonization is quite slow,
we were able to compare mycorrhizal and non-mycorrhizal seedlings without the
use of fungicides.  By labeling 28 replicates of each treatment, we had sufficient
seedlings that we were still able to have some replication of seedlings colonized
primarily by one fungus.  Mycorrhizal plants were significantly larger than non-
mycorrhizal plants in this study, but we cannot distinguish between two
possibilities.  The mycorrhizal fungi may have stimulated the growth of colonized
seedlings; however, it is just as likely that smaller seedlings were less likely to be
colonized by mycorrhizal fungi.

We were somewhat surprised to find that mycorrhizal and non-mycorrhizal
seedlings accumulated similar amounts of nitrogen from nitrate and ammonium.
Previous work in the lab has shown that ectomycorrhizal plants can take up more
N than non-mycorrhizal plants. Ectomycorrhizal fungi are thought to stimulate N
uptake primarily by providing access to N from complex forms such as proteins
or to less mobile forms of N such as ammonium fixed into clay particles.  It is
possible that no differences were detected because the added N was in a soluble
form and added in close proximity to the roots.

Mycorrhizal plants had lower concentrations of N in both shoots and roots than
non-mycorrhizal plants.  There are several possible explanations for this.  This
result would be expected if mycorrhizal fungi stimulated plant growth due to the
uptake of an element other than N or due to some non-nutritional factor. It is also
possible that N did not limit growth at this site at the time of the study.  If true, this
could also explain why mycorrhizal and non-mycorrhizal seedlings did not differ
in N uptake per mg of tissue.  Apparently at earlier periods in their growth NM
plants had taken up more N per mg than ECM plants.



There is no evidence from this study for a preference for spruce for ammonium
over nitrate as was observed by Kronzuker and Glass (1997).  The study by
Kronzucker was a lab study on hydroponically-grown, non-mycorrhizal spruce.
Net uptake by 13N-ammonium was faster than net uptake of 13N-nitrate.  Our
design of our study was not ideal for comparing uptake of the two forms of
inorganic N: although we added the same amount of 15N in both forms, the non-
labelled pools into which they were added differed in size.  Uptake rates by plant
roots are influenced by the relative availability of different forms of N as well as
by demand by the shoot (Glass).  In this case, extractable ammonium
concentrations were ten-fold higher than extractable nitrate.

We found evidence that approximately 25 % of the aspartate added was
absorbed as an intact amino acid.  This is consistent with other studies that have
found uptake of amino acids by both mycorrhizal and non-mycorrhizal plants in
situ (Nasholm et al., Kielland et al.).  Earlier studies have used glycine and these
have been criticized because glycine is not necessarily a common component of
the amino acid pool in soils.  We chose aspartate because work by others at
Sicamous Creek had determined that it was a dominant component of the amino
acid pool (Hannam and Prescott).  Of course it is possible that it is common in
the amino acid pool because it is not as readily absorbed by plants and microbes
as some other amino acids. Studies of turnover rates of amino acids in forest
soils are needed to answer this question.

This is one of the first experiments to illustrate physiological diversity amongst
ectomycorrhizal fungi in situ in the field.  Other studies have detected differences
in N uptake amongst plants colonized by different fungi, but this is the first one to
have been performed in the field.  Lab studies found that some fungi can access
N from proteins better than other ECM fungi (Read).  Others have found
differences in the ability of ECM fungi to grow in pure culture on nitrate vs.
ammonium (Finlay).  One reason why is it is important to test for differences in
the field is that the fungi will likely be associated with different mycorrhizosphere
bacteria than in the lab.  Indeed, many lab studies are conducted under
gnotobiotic conditions.  In the field, bacteria are intimately associated with all
parts of mycorrhizas (Timonen, Peterson).  Different mycorrhizal fungi may
associate with different bacteria and it may be that the bacteria are responsible
for some of the differences amongst mycorrhizas.  The differences we could
distinguish in this study were either the direct result of fungal physiology or
indirect effects of mycorrhizosphere bacteria.

Estrain and MRA mycorrhizas are dominant members of the ECM fungal
community in clearcuts (Hagerman et al. 1999; Baldwin and Egger, unpublished;
Mah et al.,).  Therefore it is important to understand how the fungi forming these
mycorrhizas affect nutrient uptake by seedlings.  One hypothesis concerning why
ECM fungal communities change following clearcutting is that the fungi that
become more dominant after clearcutting are better adapted to conditions in
clearcuts than are forest fungi.  It is interesting that seedlings forming Estrain



behaved very differently from those forming MRA mycorrhizas even though both
are dominant in clear cuts.  Several authors have questioned whether roots
colonized dark septate fungi should be considered to be mycorrhizal
(Jumponen).  Dark septate fungi, often discomycetes, can colonize most plants
and often form structures that do not resemble mycorrhizas.  In this study, the
MRA mycorrhizas had thin mantles and Hartig nets and, thus, have the structural
characteristics of ectomycorrhizas.  It is interesting that these roots appeared to
take up even less 15N than non-mycorrhizal roots.  If a mycorrhiza is defined as
increasing nutrient uptake by the plant, the MRA structures would not be
considered to be mycorrhizal in this case.



Appendix 7

Edge effects in red-backed voles in managed high-elevation forests

By David J. Huggard and Walt Klenner

Abstract

Edge effects associated with harvested openings in managed forests influence
design of openings and retained forest, and broader landscape planning.  We
measured edge effects in abundances of red-backed voles (Clethrionomys
gapperi), a species associated with older forests, using live-trapping grids in 0.1-,
1- and 10-ha harvested openings and adjacent retained forest for 4 post-harvest
years, as one component of a large-scale experiment in high-elevation spruce-fir
forest in southern British Columbia.  We first used trapping grids in uniform
habitats to document a large effect of trap position within the grid on catch per
unit effort, which could produce artefactual negative edge effects.  AIC-based
model selection with abundances across edge grids, corrected for effect of trap
position within grid, identified 2 main types of edge effects: 1) increased
abundance of adults, and possibly juveniles, in the forest adjacent to the opening
in the first summer after winter harvesting, 2) for juveniles in all years and adults
after the first year, equal abundance across the forested edge and 6-11 m into
the opening, with a sharp decrease further into the opening.  This use of the
edge of the opening corresponded to predictions from a habitat model previously
developed for red-backed voles at the site, as well as observed distributions of
ectomycorrhizal fungi, arboreal lichen fall and distances voles orient to forest
cover.  The results support the use of small harvested openings where
management goals include maintaining high percentages of useable area for red-
backed voles.



Appendix 8

Seedling performance in a range of alternatives silvicultural systems trials in high
elevation forests in the interior of British Columbia: a comparison of three trials.

By  C. Lajzerowicz, A. Vyse, M. Jull, and T. Newsome

The objectives of this study were to; 1) summarize planted seedling performance
and survival at each of the study sites, 2) investigate the potential role of macro-
site conditions (e.g. regional climate, aspect) on differences in responses
between studies 3) compare the sites and assess the application of partial cut
harvest systems in wet high elevation forests in the interior of BC.

The harvest treatments examined between the five sites represent a large range
in opening sizes or range in overstory canopy structure, which reflects a wide
range of partial cutting. Growth of spruce seedling was more strongly affected
than fir  seedlings by harvest treatment, and there was a shift in species
response with latitude. Spruce may out compete fir in more open areas with high
light and in lower latitude forests. In reforestation conditions with low light and
cooler climates fir does not necessarily have a greater growth rate advantage
over spruce, but it has greater survival at low growth rates (Kobe and Coates
1997), this might be a favorable species in some partial cuts. Size of stock plays
an important role; investments into these attributes can be rewarding and
important at high elevation sites. Seedling survival and growth decreased with
opening size and increasing elevation. The smaller openings at the Quesnel
Highlands sites are limiting to growth and represent concern for regeneration with
unacceptable rates of mortality. However, partial cut stands are managed for
both the remaining trees, and forest stand surrounding the openings, as well as
the regeneration layer (Jull and Stevenson 2001). In the ITS at Lucille, the leave
trees showed a significant increase in basal area (Jull and Stevenson 2001).
Trade offs between objectives and management goals can influence the use of
different harvest systems.
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