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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.

In the second phase of the project we continued with all basic ecosystems
measurements, including climate, songbirds, seedfall, natural regeneration, and
nutrient flux. We added measurements of CWD to long term tree growth plots
and continued studies of mycorrhizal function in these ecosystems. We also
prepared several reports for technical review and submitted several for
publication. A number of papers prepared in previous years were published this
year. Numerous poster and oral presentations were given to research gatherings
and technical forestry meetings in the province and elsewhere.
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Sicamous Project Objectives

The broad objective of the Sicamous Creek project is to provide the forestry
community with information on the sustainable management of wet, cold, high-
elevation forests in the Southern Interior. We do this by measuring the response
of valued ecosystem components to widely differing types of logging (patterns of
canopy removal) and soil disturbance (site preparation for regeneration). From
this information, operational foresters should be able to choose from alternative
methods of harvesting and regenerating this forest, based on the specific sets of
forest values they are required to manage. The project is based on a large-scale
replicated experimental design, with 5 operational harvest treatments covering a
range of openings sizes: 10-ha clearcuts, arrays of 1-ha openings, arrays of 0.1-
ha patch cuts, individual tree selection and uncut controls. The design allows
study of the effects of overall harvest treatments, opening size, width of leave
strips and edge effects. A secondary nested set of experimental treatments
examines site preparation soil disturbances: operational mounding, scalping,
burning and undisturbed controls. Over 40 researchers at the site examine:
forest history and stand dynamics; harvest logistics and costs; planted and
natural regeneration; tree pests, diseases, snow damage and windthrow; soil
chemistry and biology; microclimate and hydrology; diversity of plants, animals,
lichens and fungi; and, the interaction of these components.

The first 10-year phase of the project conducted pre-harvest studies,
implemented the study design, conducted initial post-harvest assessments, and
began data analysis, publication and the extension program. The initial study
plan called for measurements to be made over a 30 year period. In this proposal,
we are seeking funding for expanding the high elevation knowledge base with a
combination of studies that broaden the scope of existing findings, re-measure
and analyse existing studies, publish results, improve knowledge synthesis,
project future conditions, and carry out further extension work to March 31st

2004. Specifically, we proposed to:
• expand the work on natural disturbances in high elevation forests of the

Southern Interior;
• carry out planned long-term re-measurements of windthrow;
• re-measure regeneration trials at the Sicamous site and on similar sites in the

Southern Interior Region;
• fill identified knowledge gaps (including soil organism response to treatments,

coarse woody debris in control, ITS and 10 ha treatments, and effects of
recently-arrived pocket gophers);

• project future stand structures and habitat conditions through modelling;
• complete scientific publications on regeneration, vegetation and wildlife;
• and undertake extension targeted at operational foresters and others in the

forestry community.
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• maintain the site, camp, plot locations, climate station and data archive to
secure the infrastructure for future research.

The Sicamous Research Team

Alan Vyse BC Forest Service and UCC (250) 828-4099
*Andre Arsenault BC Forest Service, S. Interior Region (250) 828-4128
*Dennis Lloyd BC Forest Service, S. Interior Region (250) 828-4124
*Walt Klenner BC Forest Service, S. Interior Region (250) 828-4258
Rita Winkler BC Forest Service, S. Interior Region (250) 828-4162
*Graeme Hope BC Forest Service, S. Interior Region (250) 828-4166
Lorraine Maclauchlan BC Forest Service, S. Interior Region (250) 828-4179
Hadrian Merler BC Forest Service, S. Interior Region (250) 828-4131
Ken Soneff BC Forest Service, S. Interior Region (250) 828-4164
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Dan Durall Okanagan University College, Kelowna (250) 762-5445
*Kristin Mackay Okanagan University College, Kelowna
*Cindy Prescott Univ. of British Columbia, Forest Sciences (604) 822-4707
*Mike Feller Univ. of British Columbia, Forest Sciences (604) 822-3729
Bart Van der Kamp Univ. of British Columbia, Forest Sciences
*Joe Antos University of Victoria
*Pasi Puttonen University of Helsinki
*Peter Brang Swiss Federal Research Institute
Rob Scherer Forest Extension and Research Partnership
*Kathie Swift Forest Extension and Research Partnership (250) 860-9663
*Ian Cameron J.S.Thrower Ltd., Kamloops (250) 314-0875
*Jeff Battigelli Private consultant, Edmonton
Vanessa Craig Private consultant, Gabriola Island
*Christine Ferguson Private consultant, Kamloops (250) 573-1970
*Dave Huggard Private consultant, Vancouver (604) 986-1073
*David Miege Private consultant, Kamloops (250) 374-5198
*Cleo Lazjerowicz Industrial Forestry Service, Prince George (250) 564-4115
*Ernest Leupin Ecoscape Consulting, Kamloops (250) 820-2069
*Alberto Orchansky Private consultant, Edmonton (780) 726-9860
*Don Sachs Private consultant, Vancouver (604) 228-0433
*Russ Walton Private consultant, Kamloops (250) 579-0059
Sherry Brimacombe Brimacombe Design Assoc. (250) 573-2333

*cooperators in 2003-04
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Reports on project studies active in 2003-04

1. Harvest treatment effects on regeneration (Vyse et al.)

The uncertainty of regeneration success led to interest in alternatives to large
clearcuts in high-elevation forests. Standard operational site preparation is also
being challenged in these stands. Sicamous Creek anticipated this need and can
provide sound experimental comparisons of different options. We will expand the
inference of Sicamous Creek results by comparing results at other Southern
Interior ESSF sites. We will also study the possible impact of newly arrived
pocket gophers on regeneration.

We re-measured planted seedlings continued with soil temperature studies,
assessed natural regeneration and prepared reports.

a) Natural regeneration (Vyse et al.)

Is natural regeneration a feasible option following logging of high elevation fir-
spruce stands in south central British Columbia?

By Alan Vyse1, Peter Brang2, Mona Doney3, Christine Ferguson3, Dennis Lloyd1,
Roberta Parish4, and Pasi Puttonen5

1. B.C. Forest Service, Southern Interior Region, Kamloops, B.C. Canada
2. Swiss Federal Research institute, Birmensdorf, Switzerland
3. Consultant, Kamloops, B.C. Canada.
4. B.C. Forest Service, Research Branch, Victoria, B.C., Canada
5. Department of Silviculture, University of Helsinki, Finland

We studied regeneration processes in a high elevation sub-alpine fir (Abies
lasiocarpa (Hook) Nutt.) and Engelmann spruce (Picea engelmanni Parry ex
Engelm.) forest. The stand was logged in the winter of 1994-95 as part of a
silvicultural systems trial at Sicamous Creek, in the south central interior of
British Columbia. Five treatments were applied to the stand: 10 ha clearcuts,
arrays of 1 ha patch cuts; arrays of 0.1 ha patch cuts, individual tree selection
cuts and uncut controls. One third of the stand volume was removed in each.

After 9 years, we estimate that seedfall has exceeded 500 viable seeds/m2 in the
control stand. There have been two years of good seed crops of spruce, and five
years without seed. There has been one good seed crop of fir, but only three
years without seed. Production of spruce seed exceeded fir seed by about 50%
in the control stand.
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Natural regeneration is abundant and dynamic in the uncut stand. Seedlings are
found mostly on rotten wood with raised micro-sites. Seed pathogens play an
important role in determining suitable seedbeds. Fir is the dominant species
suggesting that many viable spruce seeds either do not germinate or spruce
germinants die more rapidly in the low light conditions. Mortality of germinants is
high, but once established, seedlings persist. Growth, however, is very slow.

Logging destroyed much advanced regeneration even though the logging was
done on snow. Random skidding in early winter was the most damaging. The
amount of damage increased with opening size. Growth of residual stems was
slowest in the larger openings where damage was greatest.

Post logging seedfall from the timber edge declined rapidly with most seed found
within one tree height (30m). The lighter spruce seed dispersed further than fir
and thus the ratio of spruce to fir increased with increasing distance from the
forest edge. Regeneration is substantial on the site despite the impact of seed
pathogens and seed predators on the amount of seed available for germination.
Germination is greatest on mineral soil seedbeds, in the small openings, and
close to the stand edge. Survival of germinants is high even in the largest
openings.

The combined results of numerous studies suggest that natural regeneration is a
feasible option on relatively low productivity ESSF sites similar to Sicamous,
within 2 tree heights of the stand edge. There is sufficient seed produced on a
regular basis, suitable seedbeds are available, seed pathogens and seed
predators are not limiting, and seedling survival is high. Advanced regeneration
is also available to add to the regeneration potential but it must be protected
during logging. However, the distribution of naturally regenerated seedlings is
irregular, and may not meet minimum legal regeneration requirements. This
shortcoming can be relieved by site preparation that creates patches of mineral
soil, but at an additional cost.

R. Parish and  Joseph A. Antos  Advanced regeneration and seedling
establishment in small cutblocks in high-elevation spruce-fir forest at Sicamous
Creek, southern British Columbia

Draft Abstract:

We examined the potential of natural regeneration for stocking 1 ha patch cuts
in high-elevation Engelmann spruce (Picea engelmannii Parry)-subalpine fir
(Abies lasiocarpa [Hook.] Nutt.) forests.  Using the Sicamous Creek Silvicultural
Systems site, which was harvested during winter 1994-95, we established 1 m2

seedling plots in patch cuts, adjacent forest and control forest.  We marked and
recorded microsite characteristics for all original and new seedlings for up to five
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years; over 12,000 seedlings were included.  Advanced regeneration was
abundant, and was about one-quarter spruce.  Spruce and fir germinants
occurred in all years, but numbers varied greatly, with a very large cohort in
1998.  Both advanced regeneration and new recruits were concentrated on
decaying logs, which may be a key to effectively using natural regeneration.
Mortality on the cutblocks was high following harvest, but subsequent survival
was good, approaching rates in the undisturbed forest within four years.
Survival rates were higher for spruce than fir, but differed little among surface
types and microtopographic positions. Survival of new seedlings was high, ca.
42% the first year and 73% of those during the second, and was similar
between spruce and fir.  If the 1998 cohort has similar survival, the patch cuts
could be adequately filled.  Use of natural regeneration, in combination with infill
planting, is a viable silvicultural option for wet high-elevation forests of southern
British Columbia.

b) Planting on 1 ha cutblocks (Parish)

In 1994, a large multi-disciplinary trial was established at Sicamous Creek, BC to
provide information on the management of wet, cold high elevation forests in the
Southern Interior. The overall trial was designed to examine some of the current
operational issues in high elevation harvesting and reforestation and study forest
dynamics and ecosystem response following a range of harvest options.  This
study was a sub-component to examine in small (1 ha) patch cuts the survival
and growth of planted P. engelmannii and A. lasiocarpa under two different site
preparation treatments and to evaluate the survival and growth of C.
nootkatensis.

Logging of the site was carried out during the winter of 1994-1995.  In summer
1995, six, 1ha cutblocks were selected and a Kubota backhoe used to prepare
planting spots, mounds and screefs, in four parallel lines ca. 10 m apart across
the north-south and east-west axes of the cutblocks. Mounds had ca. 14 cm
organic- mineral soil cap and screefs, in which the organic layer was removed,
were ca. 1 x 2 m in size.

In summer 1996, three species of container grown seedlings (A. lasiocarpa, P.
engelmannii and C. nootkatensis) were planted.  Picea and Abies stock were
grown in 1+0 PSB415B containers at Skimikin Nursery. Picea seed came from
two seedlots which originated from the same local seed orchard but in two
subsequent years (orchard #306, Kalamalka Research Station; BC Ministry of
Forests seedlots #6016 and #6025 from 1450-2000 m elevation, 51º11' N,
119º21' W). Abies seed was from a single seedlot (BC Ministry of Forests seedlot
#2501 from 1463 m elevation, 50º44' N, 119º25' W). Chamaecyparis was 1+0
PSB 415B stock from a high elevation seed source, collected at Fall Lake in the
Coquihalla area (1350m elevation, 49º37' N, 121º02' W), and grown by the BC
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Ministry of Forests, Research Branch at Mesachie Lake. All stock had ceased
annual height growth in the nursery prior to planting, but foliar acclimation and
root and stem growth occurred during the remainder of the 1996 growing-
season.

Several microsites were available for planting, the selection of which varied
among species (Table 1).  A total of 1853 Abies and 1853 Picea seedlings were
planted in the cutblocks, on the screefs and mounds created through site
preparation.  One seedling of each species was planted edge of each screef and
side of each mound. The actual numbers of trees per cutblock varied slightly due
to the availability and suitability of prepared spots.  A total of 630 Chamaecyparis
seedlings were planted along three parallel transects which ran north-south and
east-west, extending across the cutblock.  In four blocks, planting of
Chamaecyparis began 15 m into the forested areas adjacent to the cutblock; all
six blocks could not be planted because of a lack of available seedlings.
Planting spots were lightly boot- screefed to plant Chamaecyparis into mineral
soil, avoiding the mechanically prepared microsites.

Picea, usually P. engelmannii but also the natural hybrid with P. glauca, is the
planting stock of choice after harvesting in the Southern Interior.  A. lasiocarpa is
an alternative species that has been recommended for sites with heavy snow
accumulation.  Both species had higher survival and better growth on raised
mounds than on flat microsites.  The growth advantage on raised sites increased
over time so that by the seventh year after planting, differences in height growth
were clearly visible.

Mortality of planted Picea and Abies also increased considerably overtime.  There
was minimal mortality in the first two years after planting but over 40% were
dead seven years later.  Unspecified leader damage in the year before death was
common in Picea. The invasion of the cutblocks by Thomomys sp. (pocket
gopher) was a major contributor to the death of Abies seedlings.  These animals
were not present prior to logging but established during the post-logging period.
They are found in the subalpine, especially in disturbed areas with large numbers
of forbes (Teipner et al. 1983). In Washington State, they are known to pose a
serious risk to conifer regeneration for up to 10 years after planting (Teipner et
al. 1983).  At Sicamous Creek, Thomomys demonstrated a preference for Abies
over Picea and Chamaecyparis.

Given the poor growth performance of Abies compared to Picea and its
susceptibility to animal browsing, Picea appears to be a better choice for
reforesting high elevation cold, wet sites.  Tree species diversity will be
maintained because Abies seed is usually plentiful (Vyse ??).   Although Abies
seed is heavy and does not disperse as far into cutblocks as that of Picea, Abies
recruitment has been usually widespread throughout subalpine forests even after
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extensive fires that may have destroyed much of the local seed source (Parish et
al. 1999; Antos and Parish 2002).

Over the short term, Chamaecyparis has performed well at Sicamous Creek.
Mortality of Chamaecyparis was substantially less than for Picea and Abies.
Survival was highest in the forest but growth was very slow. Height growth in
the open cutblocks was less than that of Picea but about the same as Abies.
Growth form was highly variable with some robust upright specimens >1 m tall
and some small individuals that demonstrated horizontal rather than vertical
growth.  The high survival and moderate growth suggest that Chamaecyparis
may have potential as component of reforestation on Interior sites in the future.

c) Strip cut study (Vyse, Ferguson and Mitchell)

Objective
To quantify the growth of Engelmann spruce and subalpine fir seedlings with and
without site preparation and fertilization, across a 50 m wide strip cut with
different amounts of overstorey protection, and in the middle of an adjacent
clearcut at 1800m on a site at Sicamous Creek.

Activities and progress 2003-2004
Seedlings planted 10m and 40m from the South edge in a 50m wide E-W
oriented strip cut and in an adjacent clearcut with and without mounding and
with and without fertilization (at planting) were sampled for biomass production
in September 2003, four years after planting. Seedlings were excavated, bagged
in plastic and returned to Pacific Forestry Centre where roots were washed free
of soil and separated from the tops which both were dried for 48h at 70C prior to
weighing. Data were entered, checked and analysed (mean, standard error).
Results were summarized and presented as a poster at the Southern Interior
Silviculture Committee Winter meeting in Penticton March 2-3, 2004.

Results
After 4 seasons of growth, position in the strip was the most important variable.
Growth on the south facing edge was better than growth in the middle of an
adjacent clearcut and was poorest in the understorey. Site preparation by
mounding increased soil temperature during the day, but not at night. Seedling
growth was increased on mounds but not substantially. Fertilization did not
increase growth. Spruce responded more than fir.

d) Cold root study (Mitchell)

Objective
To quantify the effects of soil temperature alone on seedling phenology,
physiology, growth and biomass production.
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Activities and progress 2003-2004
A facility for growing seedlings with different root temperatures was established
at the Pacific Forestry Centre greenhouse in 2002 using chest freezers equipped
with controllers capable of regulating temperature within one degree C of the set
points (5C, 10C, 15C, 20C). Modifications to the facility were undertaken during
the spring of 2003 to enable measurement and continuous recording of soil and
air temperature using a data logger and a cuvette system was constructed to
enable the simultaneous measurement of whole plant shoot and root carbon
balance (photosynthesis and respiration) using an open gas exchange system
(IRGA). One-year-old Douglas-fir and black spruce seedlings were planted into
specially designed pots in May 2003 and placed in the root temperature
treatments (4 temperatures/3 replicates). Bud break was monitored and weekly
measurements were taken of seedling height and diameter growth through
October 2003. In January 2004, shoot photosynthesis and respiration and root
respiration were measured. Shoots from all the treatments were kept at 20C and
roots were kept at 5C, 10C and 15C depending on the treatment from which they
were sampled. After those measurements, seedlings were sampled for biomass.
Roots were washed free of soil and separated from the tops which both were
dried for 48h at 70C prior to weighing. Data were entered, checked and analysed
(mean, standard error). Results were summarized and presented as a poster at
the Southern Interior Silviculture Committee Winter meeting in Penticton March
2-3, 2004.

Results
Poor root growth was not reflected in shoot growth. Photosynthesis can be
reduced as a result of low root temperature. Root growth may occur at the
expense of shoot nutrients. Growth limitations resulting from cold soils can be
compounded over time. Species differ in their responses to cold soils.
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2. Windthrow and snow damage (Ferguson and Vyse)

Windthrow had a major impact on the harvest treatments in the first 3 years
after harvest; snow damage had large and different effects in the subsequent 3
years. We carried out re-measurements to cover years 6-9 to address the long-
term post-harvest trends and patterns of these damaging agents. The results
were presented at the FERIC partial cutting workshops in Kelowna and Prince
George, November 2003

Wind and snow damage in the ESSF: Nine years after harvesting at Sicamous
Creek

Christine Ferguson1, Dave Huggard2, Walt Klenner3 and Alan Vyse3

We used transect surveys at a large-scale experimental site at Sicamous Creek,
BC to measure the effects of 5 treatments on wind and snow damage: 10-ha
clearcuts, arrays of 1-ha patch cuts, arrays of 0.1-ha patch cuts, individual-tree
selection cuts and uncut controls. We also examined edge effects and conditions
predisposing trees to damage. Transects were surveyed in 1997, 1999 and 2003
(2.7, 4.7 and 8.7 years post-harvest). We recorded substantial changes in rates
and types of damage over the course of the study. The initial increase in
windthrow in the 4 harvested treatments compared to the uncut controls
(Huggard et al. 1999) was no longer evident following a catastrophic windthrow
event in the winter of 1998-1999 which was most severe in the uncut controls.
The damage recorded from this event was predominantly stem breakage rather
than uprooting. Damage rates between 1999 and 2003 in all treatments were
similar to those recorded in the uncut controls in the initial survey in 1997 (0.4 -
0.6% of basal area per year for live subalpine fir; 0 - 0.07% for live Engelmann
spruce). Overall, after 9 years the lowest average rates of damage for both
species were observed in the 0.1-ha patch cut arrays (1.3% of basal area per
year in 0.1-ha PCA treatment vs. 1.7 – 2.0% in other treatments for subalpine
fir; 0.14% vs. 0.19 – 0.56% for spruce). The highest damage rates overall were
observed 5m from the N and E edges of the 10-ha clearcuts (4% basal area per
year for subalpine fir; 1.5% basal area per year for spruce). Characteristics of
windthrown stems varied between surveys. While trees that fell initially had
lower height:diameter ratios on average (there was greater windthrow on sites
that produce shorter trees), those that fell or snapped subsequently had higher
height:diameter ratios than random stems. Windthrow damage appears to have
stabilised at a very low level after the initial high losses immediately following
logging, but snow breakage remains a common if infrequent disturbance in these
stands.

1. Consultant, kamloops, B.C.; 2.  Consultant, North Vancouver, B.C.
3. B.C. Forest Service, Southern interior Region, Kamloops, B.C.
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3. Projections of stand structure and wildlife habitat (Klenner)

Studies at Sicamous Creek of reconstructed tree growth, regeneration, mortality
agents, deadwood dynamics and understory vegetation, combined with wildlife
habitat relationships developed at the site, provide an excellent opportunity to
develop projections of important stand structures. This will help integrate
Sicamous Creek studies and help address the key uncertainty about long-term
effects of harvest alternatives.

As part of this effort we used a stand simulation model to estimate arboreal
lichen response to partial cutting treatments in forests similar to those at
Sicamous Creek.

Draft Abstract

Using a Stand Simulation Model to Estimate Arboreal Lichen Response to Partial
Cutting Treatments in High Elevation Engelmann Spruce-Subalpine Fir Forests

Doug Lewis1, Walt Klenner2, Ian Cameron3 and Russ Walton1

1Consultant, Kamloops B.C.
2B.C. Forest Service, Southern Interior Region, Kamloops, B.C.
3J.S. Thrower and Associates, Kamloops B.C.

Large-scale use of a partial cutting systems to manage for lichen will ultimately
affect management of landscapes. Assuming a constant annual cut, the use of
low removal partial cuts can encroach upon undisturbed forest areas at a greater
rate than under a management regime utilizing high removal systems. Thus, the
outcome of extensive use of low removal partial cuts may be larger road
networks and faster rate of dispersion of early seral habitats on the landscape.
Increased road networks and landscape fragmentation are potential concerns to
managing current threats (i.e. backcountry access and predation) on caribou.
Used in a proper spatial and temporal landscape context, the use of high basal
area removal partial cuts may provide greater flexibility and control in the
management of human access and in spatial and temporal management of
habitats. Aggregating low retention harvests may allow larger areas of forest
interior to be maintained for longer periods. Such protective measures may be
particularly useful in already highly fragmented landscapes where further
dispersion of cutblocks may increase habitat fragmentation, isolate habitats and
lower habitat connectivity. In addition, high removal partial cuts focused in
already highly disturbed areas may allow managers to spatially and temporally
manage large portions of the landscape to manage recovery of suitable forested
habitat or spatially separate early seral habitats that attract other ungulates
away from high use caribou areas.
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From a timber management perspective, high removal partial cuts offer a better
opportunity to meet timber objectives. High removal partial cuts utilize a greater
amount of tree volume on the site, potentially decreasing logging costs. Single
logging entries also allow greater use of temporary roads and minimize extensive
road networks for frequent access. Both these factors can potentially minimize
road construction and maintenance costs. High removal partial cuts may also
provide for better survival and growth of planted regeneration or release of
advanced regeneration as more solar radiation reaches the forest floor and can
warm the soil. Soil warming may offer better survival of favored commercial tree
species such as spruce that are less tolerant of shade.
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4. Natural disturbance patterns (Feller)

Information on natural disturbance patterns is a key ingredient in today’s forest
management decisions. We expanded work already accomplished by examining a
wider range of sites and projecting stand structure changes in response to
management and natural disturbances using data from Sicamous and other long
term ESSF sites where available.

A study began with 2 general objectives which were to have been accomplished
during a 2.5 year period to better quantify the natural disturbance regime of
ESSFwc2 forests, and to determine the structural characteristics of ESSFwc2
stands arising from two different natural disturbances – fire and insects. We also
plan to compare these characteristics to those of the stands regenerating after
the different types of harvesting at Sicamous and elsewhere in the ESSFwc2
variant to determine how closely the different harvesting techniques mimic
natural disturbances.

The specific objectives of our study were to –
1. Determine the natural fire frequency in ESSFwc2 forests, like those at

Sicamous.
2. Determine the structure of forests developing after fire and after

insect/disease natural disturbances in the ESSFwc2 variant.
3. Determine the structure of forests developing after clearcutting and partial

cutting in the ESSFwc2 variant at Sicamous and elsewhere.
4. Compare the forest structures resulting from these 4 different forest

origins to determine how closely the harvesting-origin stands mimic the
natural disturbance stands from a vegetation structure perspective

Objective 1     Natural fire frequency

The natural disturbance regime in the Sicamous ESSF forests is one of infrequent
stand-replacing fires. The traditional approach to determining fire frequency in
such forests is to apply the Weibull or negative exponential equation to stand
age distributions (Johnson and Van Wagner 1985). These models assume that
the trees regenerating after a fire are not killed by any other agents, such as
insects or disease, and that fire is the dominant disturbance agent. However, this
assumption is not correct for forests that experience very long intervals between
fires as well as other more frequent causes of mortality, which prevent trees
from surviving until the next fire. Fire disturbance frequencies were to have been
determined by

1. Dating the most recent fire in at least 20 different aged ESSFwc2 stands
using 14C dating of charcoal samples collected from the layer closest to
the forest floor surface,
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2. Determining the age of the oldest trees in these stands (increment boring
or counting rings on stumps),

3. Determining the relationship between the fire ages and the stand ages,
from 1 and 2, then applying this relationship to the BC Ministry of Forests
GIS database stand age distribution data, to assess the likelihood of forest
stands surviving to different ages.

During summer, 2003, six ESSFwc2 stands, located from Avola to Enderby, of BC
Ministry of Forests age class 9 were visited and replicate (3 – 4) charcoal
samples were extracted from the layer closest to the surface of the soil in which
charcoal was found. In all samples, this was either the mineral soil – forest floor
interface or the deepest forest floor layers. These samples were cleaned and
dried in the laboratory, then sent in October, 2003, to the Iso Trace Laboratory
at the University of Toronto for 14C analysis. The results of these analyses will
not be available until May, 2004.

Objectives 2-4            Comparing forest structures

The strategy for accomplishing these objectives was firstly to investigate the
effects of the different disturbance regimes at the landscape level, then use the
findings of this to guide the subsequent investigation of the effects at the stand
level.
To compare the 2 disturbance regimes at the landscape level, GIS data were
obtained from the BC Ministry of Sustainable Resource Management. These data
included forest age and biogeoclimatic classification information. Unfortunately it
took 2 months to obtain these data, and it was subsequently found that the
biogeoclimatic data sent were from an old biogeoclimatic classification, which did
not agree with the current BC Ministry of Forests published biogeoclimatic maps.
This resulted in a further 2-3 week delay until current biogeoclimatic GIS data
could be obtained from the BC Ministry of Forests.

A total of 767 digital mapsheets that included portions of the ESSFwc subzone
were identified then obtained. Each mapsheet represented an 11.2 km x 14.6 km
area. All mapsheets were brought into the vector based GIS ArcView 3.3 as
separate polygon themes. These 767 themes were then merged together to
create one coherent theme that represented the initial study area. This theme
was exported to another vector based GIS, Arc/Info, in order to perform an
overlay with the biogeoclimatic subzone and variant themes. Both the ESSFwc
subzone and the ESSFwc2 variant were analysed separately as it was of interest
to compare disturbance impacts in the variant to those in the larger subzone.
Arc/Info was used for this operation because of its superior capacity to perform
functions on large quantities of data. This new theme (final study area) was then
exported back into ArcView for further analysis.
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Queries were performed to extract 9 age classes from the study area theme.
These age classes follow those designated by the BC MoF except that age
classes 8 and 9 were combined into one age class – age class 8 – as this was
considered to be old-growth. For this study, old-growth forest was considered to
be any forest older than 140 years, as defined by MacKinnon and Vold (1998).

Harvesting has been occurring in the ESSFwc2 for approximately 40 years. In
order to determine the distribution of forest age classes in the pre-harvested
landscape, 40 years was subtracted from the age of each polygon. For this, it
was assumed that all harvested stands were old growth prior to being harvested.
The validity of this assumption was checked by aging tree stumps in 15 logged
stands during summer, 2003, as well as using the results of Kopra (2003). The
largest stumps in all harvested stands had ages of 150-350 years, supporting the
assumption. It was also assumed that pre-harvest age class zero polygons were
comprised of polygons currently aged 21-40 years. This was to allow for the very
slow growth of trees in the ESSFwc subzone, which produces considerable
uncertainty in a determination of the precise age of a very young forest. Many of
the polygons currently classified as age class 0 are likely to be age class 1 with
very young trees present.  It was also impossible to separate areas of slide alder
from areas that had become non-commercial brush as a result of fire or timber
harvesting. Polygons of age zero, which were described as alpine, rock, lake, or
swamp, were deleted from the database. These polygons occupied 299,640 ha.

The following parameters calculated from the GIS pre/post harvesting database:

(1) Patch Size: Average patch size and patch size range values for pre and post
harvested landscapes were determined, the size and shape of patches being
important determinants of interior habitat.

(2) Patch perimeter/area ratios: Patch perimeter/area ratios indicate the amount
of interior vs. edge habitat that is available. All polygons with areas less than
1 ha were deleted from the database before perimeter area ratios were
calculated. Many small polygons with areas considerably less than 1 ha had
impossibly long perimeters of hundreds of metres. These polygons occupied
17,150 ha.

(3)  Landscape Diversity: The Shannon-Wiener index was used to calculate
landscape diversity (Magurran 1988).

Forest stands originating after either natural disturbances or forest harvesting,
were visited in the field in the Sicamous – Vernon area and data collected as
described below. Stands were all located on mesic sites Site Series 01) and
stratified by age class, so that comparisons between stand origins would not be
confounded by age or site differences. Data were obtained from 6 stands – 4
harvested  (2 of each age class 1 and 2) and 2 natural disturbance (one of each
age class 1 and 2).
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1. Tree height and age class distribution and species composition were
determined in three 20x20m square plots per study stand from field
measurements and counting of rings in increment cores.

2. Coarse woody debris – Mass of different size and decay classes were
estimated using published photoguides (Fisher 1981)

3. Snags – the number of snags in each of 6 decay classes (e.g. Thomas et al.
1979) occurring within the three 20x20m square tree plots per study plot,
were counted.

Results

The present study was designed to be completed over a 2.5 year period.
Insufficient stand structure data were collected during the first year to allow any
conclusions to be made. In addition, results from the 14C analyses will not be
available until May, so little can currently be stated about fire frequency. The GIS
analysis, however, has been completed, so this report will concentrate on its
results.

The ESSFwc subzone is currently considered to extend from well north of
Mackenzie, through the Rocky Mountains to north of McBride, then south
through the Columbia Mountains to the U.S. border. The forested portion of the
subzone was found to cover 1,835,100 ha. The total area of the subzone,
including all ecosystems, is 2,134,740 ha. The ESSFwc2 variant occupies the
central portion of the subzone , and its forested portion covers 570,600 ha, or
31% of the forested area of the subzone.

The ESSFwc2 variant has been subject to a greater intensity of disturbances in
the last 40 years, than has the entire ESSFwc subzone. This is indicated by the
area of old growth forest (forest > 140 years old), which has actually increased
in the subzone, from 50% of the entire area 40 years ago, to 54% today (Table
1), but has decreased in the variant from 64% of the area 40 years ago to 54%
today. If there had been no disturbances during the last 40 years, age classes 6,
7, and 8 of the pre-harvest period would all be old growth (age class 8) today.
The difference between this total potential old-growth and the current old-
growth represents the area disturbed. This disturbed area is 28% of the potential
old-growth in the variant and 19% of the potential old-growth in the subzone. .
Once a stand has reached the old-growth stage (age 140 years), its survival rate,
from one decade to the next, has averaged 65% for the subzone and 62% for
the variant, up to age 250 years. It is unlikely that this difference in disturbance
frequency can be explained by greater rates of natural disturbance in the variant,
although this should be checked by looking at fire and insect records. This
difference may be due to a higher rate of timber harvesting in the variant.
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In general, average patch size does not vary much with age class and time (now
vs. 40 years ago), or between subzone and variant, mostly lying between 7 and
13 ha. Within the subzone, average patch size varies even less between age
classes, or now compared to 40 years ago, lying mostly between 7 and 9 ha.
Average patch sizes for both the variant and the subzone now compared to 40
years ago, tend to be slightly greater for younger age classes (class 0-4) and
slightly smaller for older age classes (class 5-8). Again for both the variant and
the subzone, the variability in these patch sizes, as indicated by the standard
deviations for the average values, is generally greater now than 40 years ago
(for 6 out of 8 age classes, with age class 5 being the common exception). One
effect of disturbances in the last 40 years, then, has been to reduce the size of
patches of old-growth forest and to increase the size of patches of younger
forests, as well as increasing the variability in their sizes.

Perimeter/area ratios have not shown any consistent trends now compared to 40
years ago, either for the subzone or the variant , although there is currently a
greater range in the average ratios for different age classes than there was 40
years ago, both for the subzone and the variant. This would suggest that
disturbances within the last 40 years have not had a major impact on the shapes
of the patches. In the case of old-growth patches, the perimeter/area ratio is
almost unchanged for the subzone, but slightly greater for the variant,
suggesting disturbances in the last 40 years have created more edge habitat in
old-growth in the variant.

Landscape diversity, as measured by the diversity of different age class patches,
has increased in both the subzone and the variant during the last 40 years. The
Shannon Wiener index increased from 1.17 and 1.41 to 1.61 and 1.58 for the
subzone and variant, respectively. In the case of the variant, this can be
attributed to a decrease in the extent of old-growth and its redistribution to
younger age classes. In the case of the subzone, this can be attributed to a
slightly more even distribution of the younger age classes now than 40 years
ago.  An increase in landscape diversity over the last 40 years does not
necessarily indicate an increase in genetic or species diversity. A decrease in old-
growth in the variant may be accompanied by a decrease in species or genetic
diversity associated with those species, such as some lichens, dependent on old-
growth. It should also be noted that continuation of old growth harvesting may
ultimately lead to a decrease in landscape diversity.
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5. Coarse woody debris (Arsenault)

Coarse woody debris is an important element in forest ecosystems contributing
to the structural organization of forests and linked to species composition and
ecosystem function. Although individual disciplines recognized the role of
downed wood in forests for a long time, it is only recently that a comprehensive
view of the ecology of CWD was developed for temperate forests. This study will
describe the abundance and distribution of cwd in the permanent sample plots
established at Sicamous Creek over time.  In addition the study will assess the
functioning of large cwd using non-vascular plant community abundance as an
indicator.

Objectives

To establish permanent transects to monitor changes in cwd abundance,
distribution, and structure over time.

Abundance and distribution of cwd

The primary objectives are to collect quantitative and qualitative data about
dispersed Coarse Woody Debris (CWD) in the Sicamous PSPs. Plots will consist a
spoke pattern, with each spoke having 3 17 m transects, each separated by
120°. One plot (3 transects will be established in each PSP. The centre of the
spokes will correspond to the PSP centre.

All CWD pieces > 10.0 cm in diameter (outside bark) at the point of intersection
on the transects will be tallied and measured, and tagged.

1. Tag #
2. Species (using Vegetation Resources Inventory [VRI] 2 – 3-place codes)
3. Decay Class (using the 5 VRI classes)
4. Transect crossing diameter if > 10.0 cm at the point of intersection (all
outside bark, to nearest 0.1 cm).
5. Tilt angle of each piece of CWD at the transect crossing (to nearest degree) (if
greater than 15 degrees)
6. Length for portion of log >  10.0 cm in diameter (to nearest 1.0 m), estimated
or measured
7. Solid or hollow - if hollow, measure inside diameter (to nearest 1.0 cm) and
length of hollow (to nearest 1.0 m).
8. Height above ground.
9. Distance along transect where piece is intersected (to nearest cm).
10. Percent cover of non-vascular plant categories will be noted for large woody
debris > 30 cm.
11. origin: From inside or outside the plot.
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12. Origin from logging, from pre-harvest, caused by harvesting (and associated
snag-falling), post-harvest: if log came from a snag determine if it fell
completely, or if it was just a fragment of a still standing snag (i.e., is the butt of
the tree part of the log or not).

Analysis

The analysis presented here basically describes the data collected over the
summer. In addition, volumes for specific decay and diameter classes will be
produced by harvesting treatments. These assessments will help calibrate stand
structure models. Future analyses will compare levels of cwd at Sicamous with
other ESSF silviculture systems studies.

Volumes for each transect (3 per plot) were calculated as follows:
Vol per ha (m3): (pi*pi)/(8*L) * sum(((width+height)/2)*((width+height)/2)),
where L is length of transect and always = 17m for this study.

Plot volumes per ha were calculated as the mean of the 3 transect volumes in a
plot. Transects with no CWD in a class were given a value of 0 m3/ha.

From looking at the GIS distribution of the plots, I found that 2 plots were
located inside the B5 clearcut. Other plots were located in the uncut portions of
B5 and C3, and I lumped these with the controls for their respective blocks.

Volume by piece size (length and diameter) and decay class. Decay class 1,2,3
(HARD) together  and 4 and 5 (SOFT) together. Blobs are logs that have lost
structural integrity and are believed to be more than 50% gone.

Results

900 pieces were recorded along 132 transects located in 44 permanent sample
plots. Of these pieces 138 (15%) are “blobs which are not considered further as
part of this preliminary analysis. Volume of coarse woody ranged between 0 to

400 m3/ha and piece length varied between 0.02 metres to 16.5 metres. The
general trend illustrate higher volume of larger and well decayed coarse woody
debris in the control as opposed to larger volumes of smaller and less decayed
cwd in harvested treatments.

The functional condition of cwd was assessed by recording % cover of non
vascular plant groups on the horizontal and vertical surface of cwd. The plant
groups utilized for this exercise were: moss, liverwort for bryophytes and
Caldonia, Peltigera and other for lichens. We assessed 243 larger cwd pieces and
blobs.
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6. Soil biodiversity and nutrients (Berch, Feller, Hope and Jones)

Soil biodiversity is an emerging issue in forest management. We continued
measurements on this topic. We also continued our work on nutrient cycling.

a) Ectomycorrhizae (Jones and Mackay)

Earlier work at Sicamous Creek established that a different community of
ectomycorrhizal fungi established on Picea englemannii seedlings planted in the
forest or in the periphery of clearcuts compared to seedlings planted 16 m or
further into clearcuts (Hagerman et al. 1999).  The objective of our current
research is to determine whether these two groups of ectomycorrhizal fungi
differ physiologically in ways that would influence nutrient supply to their hosts.
To this end, we plan to compare enzyme production and nutrient uptake by roots
colonized by different ectomycorrhizal fungi.  The first phase of this work was
completed in 2003/04.

One of the ways in which ectomycorrhizal fungi increase nutrient supply to their
hosts is by degrading soil organic matter (Smith and Read 1997).  This results in
the release of inorganic nutrients, which can be absorbed either directly by roots
or by the ectomycorrhizal fungi and subsequently translocated to plant roots.
Ectomycorrhizal fungi excrete several kinds of degradative enzymes.  Proteases
break down proteins into amino acids; phosphatases release inorganic P from
organic compounds such as phytate; chitinases and related enzymes break chitin
down into N-acetyl glucosamine, with further release of ammonium; and
sulphatases release sulphate from organic S compounds.  Our initial goal is to
compare phosphatase production by clear-cut and forest ectomycorrhizal fungi.
We have selected phosphatase because good methods exist for measuring the
activity of this enzyme in soil.  Our long-term goals include the optimization of
methods to measure other enzymes.

Two aspects of this research were completed in 2003/04.  First, root windows
were installed.  Second, phosphatase activities were compared amongst spruce
and fir seedlings planted in mounds.

Root windows

In August and September 2003, 18 root windows were installed at the Sicamous
Creek site.  One window was installed in the centre of each 10 ha cutblock and in
the centre of one 0.1 and one 1.0 ha cutblock in each of the three replicate
blocks.  In addition, windows were installed in the forest 40 m to the north and
south of each 10 ha cutblock and in the center of each uncut treatment unit.
Therefore, there were nine root windows installed in the forest and nine installed
in clearcuts.
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Each root window is 100 cm wide by 80 cm deep.  It has a 30 cm X 30 cm
hinged door, which opens to allow access to the soil face.  We had proposed to
measure phosphatase activities of roots growing against the windows in the
summer of 2004.

Phosphatase activities of excised roots

In September 2003, roots were collected from Picea englemannii and Abies
lasiocarpa that had been outplanted at Sicamous Creek in the summer of 1995.
The following treatments were compared: seedlings planted on mounds or
between mounds, fertilized and unfertilized seedlings, seedlings planted different
distances from the uncut forest.  Root samples were analyzed for phosphatase
production following the method of Tabatabai and Bremmer (1969).  After the
assay for phosphatase activity, the roots were frozen at –20 °C.  These roots are
currently being characterized for the presence and morphotype of
ectomycorrhiza.  The soils in which the roots were growing will be analyzed for
bicarbonate-extractable P and for total digestible P.  These analyses will be
completed by March 30, 2004.

Phosphatase activity was square root-transformed to achieve normality and then
analyzed by four-factor (tree species, distance from forest, mounding,
fertilization) ANOVA using JMP Version 3.2.1.  Phosphatase activities were
significantly higher (P < 0.05) in spruce than fir roots and for roots growing in
mounds (Table 1).

Table 1. Phosphomonoesterase activities (mean ± SE) of Engelmann spruce and
subalpine fir planted at Sicamous Creek in 1995.  Roots were sampled in
September 2003.

Phosphatase activity (µg
product g-1 root s-1)

Number of seedlings
sampled

Spruce 674 ± 48 43
Fir 416 ± 31 41

P 0.002
Mounds 618 ± 41 47
Adjacent to
mounds

459 ± 48 37

P 0.0008
Fertilized 574 ± 43 45
Unfertilized 519 ± 49 39
P 0.07
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Several factors influence phosphatase activity associated with roots.
Phosphatase activity varies with species and with ectomycorrhizal fungi (Dighton
1991).  Our further examination of these roots will determine whether
differences in ectomycorrhizal fungi colonizing spruce and fir or in different
rooting environments are responsible for the differences observed in this case.
This will also be examined in future years using the root windows.  Second,
phosphatase production tends to be higher in environments where inorganic P
levels are lower.  We are currently analyzing the soils to determine if this could
be a factor in this case.  Earlier comparisons at Sicamous Creek found that
extractable P levels in mound soils were indeed lower than non-mound soils (S.
Berch, personal communication). Finally, high phosphatase activities are often
detected in the rhizospheres of P-deficient seedlings.  The tendency for fertilized
seedlings to have higher phosphatase activities than non-fertilized seedlings
suggests that low nutrient status was not a factor in this study.
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b). Nutrient cycling studies (Feller)

Nutrient cycling studies were initiated in the Sicamous Creek Silvicultural Systems
research area in 1994. Initial results suggested that nitrogen, the most common
growth-limiting nutrient in B.C.’s forests, had precipitation inputs that were
approximately balanced by soil leachate outputs in the undisturbed old-growth
forests, that N fixation inputs were relatively low, and that forest harvesting
increased N leaching from the system. An issue of concern became the longer-
term effects of forest harvesting on N, and other nutrient balances. The nutrient
leaching study, established in 1994, was continued, in order to address this
issue. After the 2000-2001 water year, it seemed as if NO3 leaching in the
harvested area had returned to pretreatment levels, but that NH4 leaching could
be increasing. The present report summarizes the results to the end of the 2002-
2003 water year (until October, 2003).
Methods

Precipitation and mineral soil leachate were sampled as previously described.
Snow samples were collected in April, 2003, then rainfall was collected in July,
then not again until October during the snow-free period, due to an unusually
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dry August - September. Mineral soil solution and throughfall samplers were
activated towards the end of the snowmelt period in June and leachate samples
were collected in July, but could not be collected again until early October, due
to the low rainfall. Throughfall was measured at the same time as leachate and
precipitation samples were collected.

Data were extracted from the weather station, measuring precipitation, solar
radiation, and temperature – the weather parameters necessary to estimate soil
water fluxes – established near the main Sicamous research camp. Data were
also obtained from the official Sicamous base station. Weather data were not
available for the last 11 days in September. Consequently, weather data for this
period were estimated, and will be corrected, if necessary, in summer, 2004,
when the weather station will be next visited.

All solution samples were brought to the laboratory where they were analysed
for pH and electrical conductivity within 24 hours of collection, then frozen, if
necessary, until analyzed for K, Mg, Ca, NO3, organic-N, PO4, organic-P, and SO4

using methods described previously.

Nutrient fluxes were calculated by multiplying concentrations of nutrients in
water samples by the water flux those samples were considered to represent.
This was usually the amount of water that had flowed through the ecosystem,
either precipitation or soil solution, since the previous sampling.

Water fluxes attributed to snowmelt were estimated by multiplying the snow
water equivalent data estimated by Spittlehouse (2001) for April 15 by a
conversion factor. This conversion factor was calculated as the ratio of the
maximum snow water equivalent to that at April 15 for the nearby Enderby snow
course. Maximum snow water equivalents at this snow course were found on
either May 1 or May 15. Spittlehouse (2001) gave no snow water equivalents for
1996 and beyond 2000. These were estimated from the maximum Enderby snow
course snow water equivalents by multiplying these values for each of 1996,
2001, 2002, and 2003 by the average ratio of maximum Sicamous SWE to
maximum Enderby SWE for the 1994 – 2000 period.

Results

Annual precipitation and soil leachate fluxes for the duration of the study are
given in Table 1. Comparing precipitation inputs to soil leachate outputs in the
undisturbed forest, it can be seen that there has been a net loss of K, Mg, Ca
and SO4 during this 10 year period, but total N inputs have almost exactly
balanced N outputs. Nitrate fluxes in precipitation have been greater than fluxes
in soil leachates, but the reverse has occurred for organic-N. Phosphorus fluxes
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have been too low to detect any trends. The most recent year’s data are
consistent with those of previous years.

Nutrient fluxes were clearly elevated after harvesting in the 94/95 winter, then
declined with time (Table 2). The excess nutrient flux attributed to harvesting
was calculated by subtracting the measured flux from the estimated flux from
the forest had harvesting not occurred. This latter flux was calculated by
multiplying the undisturbed forest flux by the ratio of the harvested forest flux to
the undisturbed forest flux for the year prior to harvesting (1993/94). The excess
nutrient fluxes attributed to harvesting all peaked during the second and third
years (water years 1995/96 and 1996/97) after harvesting (Figures 1 and 2). By
year 6 (water year 1999/2000), Ca, NO3, organic N, and total N fluxes appeared
to return to undisturbed forest values, while K, Mg and SO4 remained elevated.
Since year 8 post-treatment (2001/02),  Mg, Ca, SO4, NO3, and organic-N fluxes
have been close to pretreatment levels, while K fluxes have remained elevated.
Ammonium fluxes have become slightly elevated again since year 7 post-
treatment (2000/01), while total N fluxes appear to have dropped below
pretreatment levels in the most recent 2002/03 water year (Figure 2) and may
be related to increased plant uptake of N.

A continuing concern about the nutrient leaching calculations is their reliance on
water flux estimates which depend on assumptions made about the hydrological
recovery of the clearcut areas. There are no local B.C. data applicable directly to
the ESSFwc subzone so it has been necessary to estimate the changes in the
parameters “g” (ratio of net interception loss rate to gross interception loss rate)
and “l” (gross interception loss rate)  – used in the Penman-Monteith equation
for estimating ET on the site. These have been assumed to be changing only
slowly from one year to the next (g went from 0.8 in the forest to 0.2 after
harvesting, increasing to 0.5 by year 8 and 9 post-harvesting, while l went from
25% of precipitation in the forest to 5% after harvesting, increasing to 12% by
year 8 and 9 post-harvesting). These assumptions are based on visual
observation of the rate of vegetation regrowth (cf. Stednick 1996) together with
published results for ESSF-type forests in the U.S. which suggest prolonged (>
20 years) periods of recovery (e.g. Burton 1997, Leaf 1975).

Continued monitoring is warranted to determine:
1. If N losses remain below undisturbed forest levels, helping to explain

accumulation of N in the forests over millennia;
2. If NH4 losses continue to increase in response to some perturbations to

the N cycle;
3. When elevated K  fluxes return to undisturbed forest levels, and if fluxes

of nutrients other than N decline below undisturbed forest levels.
4. If assumptions made in the estimation of soil water fluxes are correct.
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c) Soil mesofauna community response to site preparation treatments at high
elevation in southern British Columbia (Berch, Battigelli, and Hope)

Introduction
Previous studies at Sicamous have demonstrated changes in soil microarthropod
biomass and species distribution related to opening size, and responses in forest
floor invertebrates (collected in pitfall traps) to site preparation treatment. This
data represents the only BC or Canadian data on the impact of harvesting
regimes at high elevation on soil invertebrates (Nadel 1999). There is no
information on the duration of these changes and their significance to forest
establishment and growth. There are also no data on the longer-term effects of
site preparation on microarthropods in the ESSF. Combining soil microarthropod
sampling with soil chemical property sampling would also provide a much
stronger data set.

Objectives

1. Determine the effects of site preparation treatments on soil mesofauna,
2. Determine whether there is correlation between soil mesofauna and soil

chemistry,
3. Determine how site preparation affects the community structure of

oribatid mites.

Discussion

Both the burn and scalp processes result in a loss of habitat (removal or the litter
and OM layers).  This would result in a loss of species associated with those
habitats simply by the loss of the habitat. Species that remained in the mineral
soil, undisturbed by the burn or scalping would remain and still be active on the
sites in greater proportions since other specie shad been removed.  Mounding
resulted in a disturbance or redistribution of the habitat (inversion of the organic
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and mineral soils?) This type of change resulted in the loss of species unable to
respond t the change in habitat. Those species from the mineral soil would now
be exposed to wider temperature fluctuations and desiccation. Unable to deal
with this change in habitat, these species would leave. Species able to deal with
these types of environmental/habitat changes would continue to be active in the
soil. Species such as O. nova are well known for their ability to survive and
prosper in disturbed habitats.
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7. Vegetation response to treatments (Lloyd and Miege)

Vegetation response to forest management is also a concern. We prepared two
manuscripts on the response of vascular and non-vascular plants to logging and
site preparation treatments.

Abstract of submitted journal paper

Lichens of snags in middle-elevation conifer forests, southern inland British
Columbia.

By Trevor Goward, David Miege, Alan Vyse and Dennis Lloyd

Standing dead conifers, or snags, provide important habitat for many lichens. We
document 81 lichen species from snags in a middle-elevation oldgrowth conifer
forest in southern inland British Columbia. Species richness is higher on north-
facing slopes than on south-facing slopes. Lichen community structure on snags
varies both with height above the ground and, in the case of leaning trunks, with
exposure. Lichen diversity is highest on large, well-decayed snags in forested
sites; similar habitats in open cutblocks support a much lower species richness.
Twelve species appear to be restricted to snags, representing about 10% of the
epiphytic lichen flora of the study area. We recommend that current cutting
prescriptions be modified to ensure that large snags remain an integral part of
managed forest ecosystems.

Draft abstract.

Vegetation Response to Site Preparation in the Engelmann Spruce—Subalpine Fir
Zone

David Miège1, Dennis Lloyd2

The high-elevation, ESSF forests of the southern interior of B.C. are recognized
as an area with considerable regeneration difficulties following logging.  A
silvicultural research area at Sicamous Creek was designed to address these
difficulties and other concerns including wildlife, biodiversity, watershed
protection, and forest sustainability.  This particular study was designed to
examine the vegetation response to three site preparation techniques.  The
research area has five treatment types replicated within three blocks.  The
treatments include uncut forest, single tree selection, 0.1ha patch-cut, 1ha
patch-cut, and 10ha patch-cut.  Each treatment unit (15) received each of four
site preparations: 1) scalp (removal of humus layer to mineral soil), 2) burn, 3)
inverted mound, and 4) control (no site preparation).
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Our results indicate that burn and scalp treatments have less than half the cover
of the control plots at one and two growing seasons since the site preparation,
but have only 30% less cover by the fourth growing season.  At four growing
seasons since site preparation, the plant cover within the burns and scalps had
recovered significantly, albeit with plant species that were not originally
dominant in the research area.

Individual species are shown to respond to site preparation and to treatment
quite differently. Shrub species generally decrease with site preparation and
treatment disturbance. Some herbs, like Epilobium angustifolium and Luzula
parviflora tend to increase, especially in the burns and scalps of the patch-cut
treatments.  Other herbs, like Valeriana sitchensis, decrease in the site
preparations.  Dominant bryophytes of the research area decrease with site
preparation, but some bryophytes, like Ceratodon purpureus, tend in increase.
Lichens are reduced in all site preparations and in patch-cut treatments.

Species richness is significantly lower in the burns and scalps.  Mounds have
essentially the same number of species as controls.

The inverted mound treatment likely has the most benefit for long term nutrient
delivery to new seedlings, controls vegetation without introducing a large cover
of ruderal species, and is most effective at maintaining understory species
diversity.

1 Consultant,
2 Ministry of Forests, Kamloops
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8. Songbirds (Leupin and Dickinson)

Songbirds are an important component of faunal biodiversity and are a topic of
concern. We carried out the 12th annual survey at Sicamous Creek and prepared
a manuscript on community changes over time and in response to treatments
which was accepted for publication.

Songbird communities in the Sicamous Creek Research Forest

Ernest Leupin 1 and Tom Dickinson 2

1 Ecoscape Biological Consulting 2 Dept of Biological Sciences, University College
of the Cariboo

In general, the responses of the songbird community in 2003 at the Sicamous
Creek Research Forest were similar to those observed in previous years (see
Dickinson and Leupin 2001 and 2002). There were however some salient points:
In 2001-03 we observed a higher number of species per census point than in
previous years. Although the species present at each of the census points were
all original members of the untreated forest. This suggests that some species
may be re-colonizing areas that had been abandoned as a result of treatment
application. Equally likely, climatic factors may account for the changes reported.
In 2001 and 2002, snowmelts were delayed and thus songbird arrivals were
likely late to coincide with peak snowmelts. At the individual treatment level,
most species did not respond differently to the treatments applied in 2003.
Rather, the response was related directly to the disturbance in general.

The responses of songbirds observed at the Sicamous Creek Research Forest are
consistent with other perforation and fragmentation studies in forested
landscapes. Robinson and Robinson (1999), and Schmiegelow et al. (1997)
found that songbird communities, particularly old-growth associates were
resilient to some degree of forest harvest. At Sicamous Creek this was the case
for most species. However one species Golden-crowned Kinglet showed marked
responses to harvesting. For the period between 1995 and 2000, this species
declined on average by 42% from the treatment areas. This decline is higher
than expected by habitat loss alone (30%), which suggested that other factors
were influencing their abundance. In 2002 abundance for this species at
treatment points was commensurate with the degree of habitat loss suggesting a
stabilization of factors other than habitat loss that were influencing the species in
previous years.

We conclude that perforation, albeit in different ways, of the Sicamous Creek
Research Forest had little effect on the core breeding songbird community.
However, we caution that the results observed may not apply to uncommon or
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area-sensitive species, and or to higher levels of disturbance. Other research has
suggested that there may be a threshold of the level of disturbance that impacts
species persistence. In addition, this study focused its efforts on abundance of
species and not on breeding productivity, which is a more accurate way to assess
impacts of disturbance. Several authors have suggested that songbird abundance
may be a misleading indicator of habitat quality. Although we observed nests and
fledglings for all core species during the study, our observations were too few to
make any meaningful comparisons possible. In future years, the study should
focus its efforts on songbird productivity.
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9. Extension activities

Twenty three items were listed in the proposal and approved workplan for
Sicamous Creek.   

1. Research Report (BC Forest Service series) and summary for extension (if
appropriate) on projections of stand structures and wildlife habitat

Draft report prepared. See abstract in appropriate section.

2. Extension Note (BC Forest Service series) on silvicultural options for
regenerating spruce and fir in wet high-elevation sites.

Draft report prepared. See abstract in appropriate section.

3. Extension Note (BC Forest Service series) on site preparation at Sicamous
Creek.

The extension note was published in 2003.

Site preparation alternatives in the wet, cold ESSF: results from Sicamous Creek

By David J. Huggard, and Alan Vyse

Summary

Site preparation decisions for high-elevation sites are becoming more complex,
with increasing concern over costs, management responsibilities for values
beyond tree regeneration, use of alternative harvest systems, and natural
regeneration. The Sicamous Creek silvicultural systems project includes studies
of the response of many forest values to four site preparation treatments—
mounding, burning, scalping, and no treatment—within five types of harvest
treatments. Initial results are presented for planted and natural regeneration of
both species, soil properties, vegetation, and response of plant and animal
components of biodiversity.

Burning is favoured for planted spruce, while mounding is favoured for subalpine
fir.  Exposed mineral soil is required for abundant natural regeneration. Soil
chemistry is affected less by site preparation than by harvesting effects.
However, mounding can substantially reduce vegetation cover and soft woody
debris, which leads to declines in animals that use these habitat features, such
as red-backed voles. The damage results mainly from the excavator, and might
be reduced by careful management of the mounding operation.

Burning, scalping and to a lesser extent mounding lead to large increases in
species associated with disturbances, such as fireweed, small-flowered woodrush
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and invasive ants. These changes will affect many other aspects of the
ecosystem, and are likely to persist for a long period in the slow-growing ESSF.
Burning, however, also provides a unique habitat for organisms that are well
adapted to recently burned sites.

The findings suggest that where an important management goal is to retain and
rapidly recover environmental values of older forests, planting without any site
preparation will meet basic regeneration objectives without incurring the
negative effects of site preparation.
Using a variety of site preparation options remains key, as it does for any other
aspect of silvicultural practice that affects many resource values.
Abstract

4. Scientific manuscript updating initial year 3 windthrow results to include year 6
(snow damage) and year 9 results, and associated archived data.

Draft report prepared. See abstract in appropriate section.

5. Scientific manuscript on the lichens of Sicamous Creek

Draft report prepared.

FOREST LICHENS OF THE ENGELMANN SPRUCE-SUBALPINE FIR ZONE OF
BRITISH COLUMBIA

by Trevor Goward1, Curtis Bjorke1, Tor Tonsberg2 and Christian PrintzenY

1 Edgewood Blue, Box 131
Clearwater, B.C. V0E 1N0
CANADA

2 Dept. of Botany, Univ. of Bergen
Allégt 41, Bergen
N-5007 NORWAY

3 Forschungsinstitut Senckenberg
Abt. Botanik/ Paläobotanik
Senckenberganlage 25, Frankfurt/ Main
D-60325 GERMANY

Abstract

To date, very little work has been published on lichen floristics and ecology of
high-elevation forests in North America. In Forest Lichens of the ESSF, we
attempt to provide an inventory of all non-saxicolous lichens occurring in the
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Engelmann Spruce - Subalpine Fir Zone, at least as encountered in the Sicamous
Creek Research Area during the 1990s. A total of 222 species are documented,
of which 113 are macrolichens and 109 microlichens. Five species have not
previously been reported for North America, while 22 appear to be new to
science. Short descriptions are provided for each genus, and key references are
given. Each species is accompanied by a brief description, in which diagnostic
characters are indicated in bold. Also given are spot test reactions, chemical
contents, notes on habitat, status in the ESSF, alternative published
photographs, points of distinction with similar species, and miscellaneous notes
on distribution, taxonomy, and ecology. Finally, a detailed section on lichen
ecology in the ESSF is included.

6. Scientific manuscript on the response of lichens on snags to harvest
treatments

Draft report prepared. See abstract in appropriate section.

7. Scientific manuscript on vegetation response to harvest and site preparation
treatments

Draft report prepared. See abstract in appropriate section.

8. Scientific manuscript on response of planted seedlings to edge conditions and
cold soil temperatures

Poster prepared and displayed at the Winter SISCO 2004 poster session

9. Scientific manuscript on planted seedling growth in small patch cuts.

Draft report prepared. See abstract in appropriate section.

10. Scientific manuscript on natural regeneration response to harvest and site
preparation treatments.

Draft report prepared. See abstract in appropriate section.

11. Scientific manuscript on stand growth response to harvest treatments.

Poster prepared and displayed at the IUFRO Conference on Uneven-aged
management in Helsinki Finland.

Early tree and stand response to individual tree selection in a high elevation fir-
spruce stand in south central British Columbia, Canada
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By Vyse, A.1, Cameron I.2, and Ferguson C. 3

1. B.C. Forest Service, Kamloops Forest Region, Kamloops, B.C. Canada
2. J.S. Thrower and Associates, Kamloops B.C. Canada
3. Consultant, Kamloops, B.C. Canada.

Corresponding author: Alan Vyse, B.C. Forest Service, 515 Columbia Street,
Kamloops, B.C. Canada. V2C 2T7; 250-372-8607; vyse@telus.net

A high elevation forest composed of sub-alpine fir (Abies lasiocarpa (Hook) Nutt.)
and Engelmann spruce (Picea engelmanni Parry ex Engelm.) was selectively
logged in the winter of 1994-95 as part of a silvicultural systems trial at
Sicamous Creek in the south central interior of British Columbia. The oldest trees
in the stand were approximately 350 years old. The prescription called for  one
third of the stand volume to be removed by cutting stems across the range of
diameters. The remaining stems were to be well distributed. Three blocks of 20-
30 ha each were logged, two by hand falling and one by machine falling. We
report on post logging stem size and distribution, stand and stem growth seven
years after cutting, and volume losses due to mortality and damage caused by
windthrow, snow break, balsam bark beetle (Dryocoetes confusus Swaine),
logging damage and other factors. We discuss the advantages and
disadvantages of cutting using individual tree selection when compared to group
selection and clearcutting on the same site.

12. Scientific manuscript on planted seedling response at ESSF silvicultural
system trials in the Southern Interior.

Draft report prepared.

What influences planted seedling performance in high elevation fir-spruce
forests? Some early results for British Columbia’s southern mountain forests.

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

Three high elevation silvicultural systems trials are located in the central and
southern interior of British Columbia (Fig. 1).  All three trials are situated in the
wet subzones of the Engelmann spruce - subalpine fir (ESSF) biogeoclimatic zone
(Meidinger and Pojar 1990) and were established between 1992 and 1996.
These three trials differ in latitude and elevation, however the use of silviculture
systems and management objectives between sites were similar.  See Table 1 for
a summary of site characteristics.  All sites have similar macroclimate features,
cold continental climates with short cool growing season and long cold winters
with the majority of the mean annual precipitation falling as snow.
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The use of partial cutting in the wet ESSF forests is possible, we found that
regeneration by planted seedlings is slow but successful in most cases.  The
harvest treatments examined between the five sites (three trials) represent a
large range in opening sizes or range in overstory canopy structure.  Harvest
opening size had a strong influence on regeneration performance, and we a shift
in species response with elevation and latitude.  Size of stock plays an important
role; investments into these attributes can be rewarding and important at high
elevation 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, subsequently this might
be a favorable species in some partial. The smaller openings at the Quesnel
Highlands sites are limiting to growth and represent concern for regeneration
with unacceptable rates of mortality.

These findings question the feasibility of planting these areas as partial cut
stands are managed for both the remaining trees, and forest stand surrounding
the openings, as well as the regeneration layer. In the ITS at Lucille, the leave
trees showed a significant increase in basal area over an eight year period.
Regeneration of these areas perhaps should occur after the second pass of
harvesting when the microenvironment might be more suitable and growth rates
higher. A proper understanding of the climatic and biophysical conditions within a
site and how this relates to the physiological limitations of the regenerating
species is a must for predicting the impacts of partial cutting in high elevation
forests

13. Scientific manuscript on response of woodpeckers to harvest treatments at
Sicamous Creek.

The manuscript was not completed. The author published an article on small
mammals at Sicamous Creek.

Klenner, Walt and Thomas P. Sullivan. 2004. Partial harvesting of high elevation
spruce fir forests: implications for small mammal communities. Can. J. For Res.
In press

14. Scientific manuscript on response of songbird community to harvest
treatments at Sicamous Creek.

The manuscript has been accepted for publication.

Leupin, E.E., T. E. Dickinson and K. Martin. 2004. Resistance of songbirds to
habitat perforation in a high elevation forest.. Can. J. For Res. In press.
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15. Extension Note on planted seedling response at ESSF silvicultural system
trials in the Southern Interior

A draft report has been prepared.
Early results on seedling performance from three high elevation silviculture
systems trials in the interior of British Columbia.

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

Understanding the effects of the silviculture system on ecosystem function is
crucial to understanding and predicting outcomes.  In high elevation areas,
climate is one of the main driving forces affecting plant growth, and local
biophysical variables as well as the type of harvest treatment, can have a strong
influence on site macro- and microclimate and growing conditions.  A proper
understanding of the conditions and physiological limitations of both the site and
the species chosen for regeneration is a must to ensure successful regeneration.
The smaller openings at the Quesnel Highlands sites were limiting to growth and
represent concern for regeneration with unacceptable levels of mortality.  These
sites represent the limit in elevational range of harvesting at this latitude and the
physiological limit to tree growth.  Otherwise, several of the opening sizes
represented across the sites had good regeneration performance and met other
management objectives.

When considering the application and use of partial cut stands it should be
understood that these silviculture systems 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 and this represented more biomass than what
was accounted for in the regeneration layer.  ESSF forests are generally clumpy,
not normally distributed, and regeneration is sparse or limited to favorable
microsites.  The natural variability in stand structure should be considered when
planting and surveying these areas.  In smaller partial cut openings, or areas
with high retention, it might make economic and biological sense to rely on
natural ingress, or at least use ingress to increase stocking on these sites.
Another option to increasing regeneration success and decrease costs would be
to delay planting until the second pass occurs and harvesting creates a larger
opening that might have better conditions for regeneration.  In the mean time,
treatments to increase natural regeneration, such as scarification, could be used
as well as setting realistic targets and expectations for regeneration
performance.  Due to the short growing season, size of stock and selection of
species is important; investments into these attributes can be rewarding and
important at high elevation sites.  Increased use of fir in artificial regeneration
programs, especially those in lower light partial cut systems and in high latitude
areas, should be considered.
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These trials were designed and implemented to provide forest managers and
researchers with short-term, medium-term and some insights into long-term
effects (Vyse 1997).  The value of this data now and in the future is immense as
we begin to understand early stand dynamics and response of juvenile trees to
these harvest treatments over a longer snapshot of time.  Understanding the
early development of young stands is paramount to generating silviculture
prescriptions for multi-resource management.  As our managed landbase
increases, the ability to base decisions on research supported results is valuable
both to the forest manager and the public.  Already results from these early trials
have been used to design and establish new “second generation” trials; these
include Mount Tom, Pinkerton Mountain, and Bear Paw Ridge as well as lower
elevation partial cut trials.  The harvest treatments examined across the five sites
represent a large range in opening sizes, from clearcuts down to single tree
selection, and the results show that is possible to use different silvicultural
systems in the wet ESSF of the interior of BC from a regeneration perspective.

16. Report on natural disturbance component

The report was prepared (See section on natural disturbance).

17. Report on pocket gophers at Sicamous Creek.

The report was prepared.

Pocket gophers (Thomomys sp.) at Sicamous Creek

A report by Alan Vyse, Christine Ferguson and Roberta Parish

Our original plan was to survey the recently established pocket gopher
(Thomomys sp.) population and distribution at Sicamous Creek immediately
following snow-melt. Pocket gophers are relatively easy to survey because they
leave evidence of sub niveal winter foraging activity in the form of winding
tracks. Unfortunately, project funds were not made available until August 2003,
long after snow melt, and after vegetation re-growth obliterated winter tracks.
We turned our attention instead to a survey of suspected pocket gopher feeding
activity on planted seedlings which were being re-measured as part of two other
funded studies on the same site.

Pocket gophers characteristically strip the bark from small tree seedlings and
snip the current shoots (Tiepner et al. 1983). Often the seedling is killed outright
and only a whitened skeleton tree remains. Lightly damaged seedlings may
survive. This type of damage was seen in the neighbourhood of pocket gopher
digging activity. We also observed less severe damage that could have been the
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result of vole feeding. However, we think this damage was more likely caused by
gophers. Numerous gophers were seen on site and several were caught and
identified.

Planted seedling studies.

1. Performance of Picea and Abies on mounds and screefed microsites in 1 ha
cutblocks at Sicamous Creek

Six 1 ha. openings were planted with Picea and Abies 2+0 seedlings on mounds
and screefs in August 1996.

After 7 seasons, mortality of Abies was 45% and Picea 43%. Of the Abies
mortality about one third was caused by animals. Animals caused only 6% of
Picea death. Most of the animal damage was caused by pocket gophers.

Of the remaining live stems, 56.7% showed signs of animal damage.

2. Performance of Picea and Abies planted across a strip cut at Sicamous Creek

Two 50 m wide E-W strip cuts adjacent to the main project site at Sicamous
Creek were planted in the summer of 2000 with Picea and Abies. Extensive
gopher damage was first noted in 2002. Of 560 Abies seedlings alive in 2002 178
had been damaged and 70 killed by 2003. The level of damage to Picea
seedlings was much less with 165 damaged and 23 killed from a total of 604.

Conclusions

The invasion of the cutblocks by Thomomys sp. (pocket gopher) was a major
contributor to the death of Abies  and Picea seedlings with the animal preferring
the former. Seedlings on mounds were also preferred.

The damage represents a serious threat to the establishment of new forests by
artificial regeneration at the Sicamous site. Further work is required to determine
if this level of damage is present at other locations in the ESSF wc and if natural
regeneration is similarly affected.

These animals were not present prior to logging, or in the first three years
following harvest (D. Huggard and W. Klenner pers. comm.), but established
themselves later during the post-logging period.

Seedling damage from pocket gophers is common in the Montane Spruce zone
but has not been widely reported for the ESSF. In Washington State they are
known to occur in the subalpine, especially in disturbed areas with large numbers
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of herbaceous vegetation (Teipner et al. 1983). There they are known to pose a
serious risk to conifer regeneration for up to 10 years after planting.

Reference

Teipner, C.L., Garton, E.O., and Nelson, L. Jr. 1983. Pocket Gophers in Forest
Ecosystems. USDA Forest Service. General Technical Report INT-154.

18. Report on data archiving for the Sicamous project.

162 data sets are stored on the LAN of the Southern Interior Region. Each data
set has a meta data form describing the contents of the data files.

19. Winter SISCO 2004 Poster Session on high elevation silviculture

A total of 29 posters were presented of which 9 were from Sicamous Creek and 2
more dealt with high elevation silvicultural topics. About 150 forestry
practitioners from around the province attended the meeting.

20. Extension presentations to operational partners.

Three presentations on Sicamous results were made to the FERIC Partial Cutting
Workshop sessions held in Kelowna and Prince George in the fall of 2003.

21. Tail-gate extension sessions on site as required.

No sessions were requested.

22. Article on project achievements in Link magazine (FORREX).

The article was published in the Spring 2004 issue of Link published by FORREX.

23. Updating of Mountain Forests web site

The web site was updated.
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