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1.0 Introduction

1.1 Background

Native grasslands in the Prince Rupert Forest Region (PRFR) have historically been maintained in the landscape through natural and anthropogenic burning.  Periodic fire prevents encroachment of grassland sites by trees and shrubs, particularly aspen and associated vegetation.  Fire suppression over the last 50 years has significantly reduced the amount of fire in the landscape.  A recent comparison of air photos in the Hungry Hill area by O’Byrne (2000) revealed an areal encroachment of as much as 70% between 1949 and 1994.  This realisation has prompted Range Section of the PRFR to consider re-establishing an operational burning program to reduce and reverse this encroachment on grassland communities.  This report is put forward to begin to provide information necessary to implement such a program.

This project is aimed at developing an operational methodology to reclaim rangeland ecosystems that have been encroached by trembling aspen and shrubs over the last 50 years or longer.  The higher area of rangeland that existed prior to 1950 in the Prince Rupert Forest Region (PRFR) was probably a result of frequent anthropogenic burning, as well as more frequent natural burns.  Since 1950, two factors have contributed to reduced fire and aspen encroachment – fire suppression policies have extinguished fire, and fire weather in general has been cooler and wetter, so there have been fewer fires occurring (Cichowski et al. 2001).  The point is that the rangelands that are being ‘reclaimed’ in this project are not natural grasslands, but dynamic ecosystems where aspen ecosystems and grassland ecosystems have fluctuated with fire weather and anthropogenic burning over millennia.  There are natural grasslands in the PRFR on the steepest, driest sites (SBSdk/81,82), but these ecosystems are generally too steep and non-productive to provide useful range values.  The decision to ‘reclaim’ these areas as rangeland is based on management objectives to provide more area of productive rangeland where rangelands existed previously.

1.2 Objectives

The main objectives of the project are to ;

· provide ecological descriptions of the primarily aspen-dominated plant communities that have encroached what were functional rangelands;

· use PEM methods to develop an regional inventory of existing grasslands and encroached grassland sites;

· review methods for treating trembling aspen stands where they have encroached grasslands, and provide recommendations for the most promising methods to use in the PRFR, and;

· provide criteria and considerations for prioritizing stands for reclamation treatments. 

2.0 Grassland-Aspen complexes

2.1 Grasslands of British Columbia

British Columbia’s grasslands are a little-known and poorly understood resource (Gayton 2001).  They are among the most threatened ecosystems in the province, and are globally significant for the maintenance of biodiversity at all levels – genetic, species, and ecosystem (Fast et al 2002).  Grasslands cover approximately 800,000 ha in BC, occupying 1.8% of the provincial land base.  They occur primarily in the Bunchgrass and Ponderosa Pine biogeoclimatic ecosystem zones (Fast et al 2002, Grasslands Conservation Council of BC 2002).

Despite their limited extent, native grasslands contain approximately 40% of the provincial species of concern and blue-listed species, and 11% of the provincial red-listed species (Forest In-growth and Encroachment Committee 2000).  Over 76% of the grasslands have been lost (Rocky Mountain Trench Ecosystem Restoration Steering Committee 2000).  Very few grasslands in the province are protected.  This is due to several factors, including:

· most are on private land,

· much area has been converted to various types of agriculture and pasturage, and,

· their conservation is less topical, compared to ecosystems such as large old growth forests (Fast et al 2002).

Like old-growth forests, late successional grasslands provide specialised habitats often not found in younger seral stages.  For example, one characteristic of late successional stage grasslands is the occurrence of a cryptogam layer among the grasses.  As seral conditions of grasslands change, species dependent on those specialised habitats will be affected.  Moths and butterflies present a good example of the intimate associations that can exist.  Some of these insects depend upon a single plant genus to satisfy their feeding or reproductive requirements (Forest In-growth and Encroachment Committee 2000).”

BC’s grasslands evolved under unique climatic, fire, and grazing pressures (Fast et al 2002).  Native grasslands in BC are associated primarily with south central British Columbia in valley bottom positions in the Bunch Grass (BG), Ponderosa Pine (PP), and Interior Douglas Fir (IDF) Biogeoclimatic Zones.  Steep, south-facing slopes in the Sub-Boreal Spruce (SBS), and the Boreal White and Black Spruce (BWBS) zones also support native grasslands. Locally, soil texture and depth, as well as site aspect and slope play an important role in determining where grasslands will develop and be maintained (Strang and Parminter 1980, Koterba and Habeck 1971).  Historically, recurrent fire was also a very important factor in maintaining native grasslands, especially in primarily forested landscapes in the SBS and BWBS (Gottesfeld 1994, Kirby and Campbell 1999, Parminter and Daigle 1998, Pojar 1983).

2.2 Grasslands of the Prince Rupert Forest Region

The Prince Rupert Forest Region is not known for its grasslands; they cover less than 10% of the land base and are generally restricted to azonal sites.  Brink (1949) observed noted that they are “scattered, often limited by virtue of a fairly rough topography, and only in a few instances involve large areas.”  There is some historical evidence that such grasslands were originally fairly common in west central B.C., but most have been converted to hay pastures or grazing areas (Pojar 1982).

The BC Grasslands Mapping Project has collected draft grassland statistics for the region, as summarised in Table 1.

Table 1: Draft Grassland Statistics (Delesalle and Holmes 2000).

	Forest Region
	Grasslands (ha)

	Prince Rupert
	10,970*

	Forest District
	Grasslands (ha)

	Lakes
	3,680

	Morice
	1,080

	Kispiox
	30

	Biogeoclimatic Zone
	Grasslands (ha)

	SBSdk
	4,330

	SBSmc2
	1,070

	ICHmc2
	20



*A great deal of inaccuracy surrounds the estimation of grasslands in the PRFR, particularly the northern grasslands found in the Cassiar part of the region.  Statistics are from preliminary grassland mapping work for the entire province.  Currently grassland area has been estimated using OR (Open Range) on forest cover maps.  This is known to not include all grasslands, particularly in the north (Grasslands Conservation Council of British Columbia 2002).

Various ecosystems contribute to rangelands in the PRFR, including natural grasslands and meadows, and cleared and/or burned land.

2.2.1 Forest encroachment onto grasslands

In the forested zones of BC, grasslands are gradually overgrown by trees and shrubs in the absence of fire (O'Byrne 2000, Pojar 1982).  The encroachment of the forest onto grasslands is a concern throughout North America, and has been attributed to a variety of often interacting and cumulative factors.  These include fire suppression, overgrazing, farm abandonment, climatic cycles, and local variations in aspect, topography, soil depth, soil texture and soil moisture (Bailey and Anderson 1979; Parminter and Daigle 1998).

From a range perspective, forest encroachment onto grasslands changes forage species composition, decreases forage production, and reduces forage quality. In terms of biodiversity, grassland loss brings biodiversity loss because grasslands support a unique suite of species and provide landscape heterogeneity.  The areal reduction of grasslands in BC also increases pressure on remaining sites, as livestock, wildlife, and agricultural and recreational users are concentrated onto a constantly decreasing land base (Rocky Mountain Trench Ecosystem Restoration Steering Committee 2000, Ross 1997, Kirby and Campbell 1999).

2.2.1.1 Aspen encroachment

In the major grassland regions of south central BC, coniferous species such as pines and Douglas-fir are the major trees encroaching onto grasslands.  This contrasts with the PRFR, and other areas in northern BC, where encroachment is primarily by trembling aspen (Populus tremuloides) and shrubs.  Dealing with aspen encroachment is the main focus of the range ecosystem restoration prescriptions developed in this project.  We review studies of aspen grassland encroachment, and aspen autecology and control aspects, from research carried out primarily in the aspen parkland of Alberta, Saskatchewan and Manitoba.

2.2.1.1.1 Autecology of trembling aspen

Trembling aspen is both the most widespread tree in North American and also the world’s largest known organism.  A male clone in the Wasatch Mountains of Utah occupies 43 ha, has more than 47,000 stems, and is estimated to be 1 million years old (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Across North America, trembling aspen grows in association with various shrubs.  In Alaska, Bebb’s willow, Scouler’s willow, roses, soopolallie, mountain cranberry and highbush cranberry are common associates.  In the Rocky Mountains, aspen grows with mountain snowberry, saskatoon, chokecherry, common juniper, Oregon-grape, Wood’s rose, myrtle pachistima, red elderberry, and various Ribes species.  In the Pacific Northwest and coastal British Columbia, aspen alternates dominance with Douglas hawthorn (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Many herbs associated with aspen, and forbs dominate most sites.  Trembling aspen grows best on south to southwest aspects in western Canada.

Trembling aspen readily colonises areas after fire, clearcutting, and other disturbances.  Extensive young stands of aspen are now uncommon in the some areas of the US west due to the effective fire suppression of the past century, which allows stands to age so that conifers grow up underneath the deciduous canopy.  Aspen is shade-intolerant, and so it will not grow well under its own canopy.  In other areas, extensive clearcutting of the conifer overstory has removed the seed source, creating disclimax aspen stands.  This has happened on former pine stands in the East (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002), and has likely also happened in some areas of the Bulkley Valley (Oikos 2002).

Trembling aspen is a soboliferous species: a plant that sprouts from carbohydrate-storing lateral roots.  Aspen can reproduce vegetatively by root suckering, collar or basal sprouting, and stump (above root collar) sprouting (Bowes 1975); it can also grow from seed.  Sprout development is hormonally controlled.  When parent trees are alive, apical dominance is pronounced, and high auxin concentrations reduce cytokinin: auxin ratios.  As parent trees are killed, auxin concentrations diminish, cytokinin:auxin ratios increase, and suckering occurs in proportion to the degree of removal of parent trees (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Many researchers agree that most of the regrowth occurs in the first 1 to 3 years after clearing (Bowes 1975, Bowes 1996).  Others disagree, speculating that diurnal temperature fluctuations play a favourable role in sucker initiation, and that suckers will appear on root systems even when trees are undamaged or vigorously growing (Pringle et al 1973).

Trembling aspen is intolerant of fire but is well adapted to colonizing sites following fire.  The thin top bark has little heat resistance, and is easily top-killed by fire, but root systems of top-killed stems send up many sprouts for several years after fire.  Sprouts grow rapidly by extracting water, nutrients, and photosynthate from an extant root system, and usually outcompete other post-fire vegetation. In addition to vegetative spread, fire-exposed mineral soil provides an excellent seedbed for aspen.  Low severity fires do not kill all aspen but act to thin the stand.  Gaps are filled with suckers and fire-tolerant conifers.  In this way thriving stands of healthy aspen trees can develop and occupy sites following fire.  (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002)

Repeated burning has been thought to promote suckering and result in denser stands, but eventually the aspen roots run out of resources.  Studies have found that repeated spring burns will eventually cause a significant reduction in sucker density (Trottier 1992, Higgings et al 1989, Haeussler et al 1990).  Others caution that frequent fires may adversely affect site quality for aspen (Haeussler et al 1990).  Aspen suckering is common on burned sites in the SBS zone, and is particularly prolific on dry sites that have abundant aspen prior to harvest.  Root suckers can reach over 2 m in height within a few years and attain 10-20% cover in 16 years following burning of submesic and mesic sites (Haeussler et al 1990).

2.2.1.2 Trembling Aspen Encroachment in the Prince Rupert Forest Region

Although aspen encroachment rates are slow (0.5 to 5.3% annually), this encroachment is significant over time.  For example, a central Alberta study found that brush encroachment was about 5 to 10% in the early 1900’s, but increased to 60 to 100% on mesic sites by the late 1970’s (Bailey and Anderson 1980).  This latter estimate agrees with those calculated by O'Byrne (2000) for native grasslands in the PRFR, where the small and scattered grasslands are vulnerable to aspen encroachment. In that study, carried out on a 118 km2 area from Houston north to Hidden Lake in the Morice Forest District, a 75% decrease in the area of native grasslands was detected over the 45 year period between 1950 and 1995.  Along with the total decrease in area, the grasslands have been subdivided and are now under more pressure from encroachment at the boundaries.

This encroachment in the PRFR was noted by Brink as far back as 1949: “It is now apparent that the aspen forest is advancing into the grassland, especially in the intermountain valleys and plateaux between the Coast Range and the Rocky Mountains.”  He also noted degraded grassland soil profiles and species characteristic of the grassland in forested areas.  Brink postulated that the observed advance had commenced within the last hundred years (around 1850), and noted that during this same period the glaciers had undergone accelerated retreat and the timberline had moved upward.  Currently, encroachment is most notable in the Francois Lake area; aspen encroachment is easily spotted on the large grassy slopes.  Tom Shelford, a local rancher, recalls that the lower hillsides, now covered with dense aspen stands, used to support only a few, scattered aspen (pers. comm.).

Due to the limited extent of grasslands in the region, any loss directly affects biodiversity, as well as wildlife and livestock forage (Forest In-growth and Encroachment Committee 2000).  Formal studies are only beginning to take place.  An estimate of encroachment by Forest District is summarised in Table 2.

Table 2: Encroachment – British Columbia Area estimate by BEC zone (Kirby and Campbell 1999) and Forest District (Forest Ingrowth and Encroachment Committee 2000).

	BEC zone
	Encroachment (ha)

	ICH
	200

	SBS
	8,000

	Forest District
	Encroachment (ha)

	Lakes
	3,000


2.2.1.3 Case Study 1 - Aspen invasion in the Alberta Parkland (Bailey and Wroe 1974)

The study was carried out twenty-five miles south of Stettler, Alberta, where aspen groves are invading rough fescue grassland.  Forty one-mile transects were measured for brush (tree and shrub) cover in 1907 and 1966, using aerial photographs.  Stem cross-sections were also collected, and growth rings were analysed.

The results showed a significant increase in brush (aspen and willow) cover.  “Most one-mile transects had some brush on them in 1907 and 1966, but the mean area occupied by brush increased from 4.8% to 8.0%.  Of the transects sampled, 68% increased in brush cover, while only 7% decreased.”  In terms of number of stands, on one transect the number of willow stands increased from five to eight; the number of aspen stands increased from zero to five.  The rate of invasion of aspen and willow onto grassland averaged 0.05% per year.

Growth ring analysis indicated that the invasion was concentrated in two major periods of expansion.  This was assumed to have occurred in years of high precipitation.  In this study, aspen tree establishment was found to be negatively related to precipitation, and positively related to mean temperature regimes that had occurred in the previous 1 and 2 years.  Aspen suckering and invasion of grasslands was closely linked to high soil temperature, low precipitation, and possibly also to apical dominance.  Aspen suckering is stimulated by any disturbance that results in an increased soil temperature.  In particular, this study found that aspen encroachment into rough fescue grassland was related to high growing season temperatures, particularly during the month of June, one to two years prior to establishment, and to low annual precipitation, particularly during the growing season from May to September, two years prior to establishment.  “The effect of the loss of apical dominance in aspen on invasion into grassland by suckers was uncertain.

3.0 INVENTORY of grassland-aspen complexes

3.1 Background

A main objective of the project is to identify and map the extent and location of existing natural grasslands, encroached grasslands, and historic, now forested, fire maintained rangelands.  Maps showing present and historic rangelands of the Bulkley, Morice and Lakes Forest Districts of the Prince Rupert Region, will provide a basis for prioritising potential burn and treatment sites for an operational rangeland recovery and maintenance program.  

Haeussler (1998) has already identified many of the grassland-aspen complexes of the Kispiox, Bulkley and Morice Forest Districts, but not of the Lakes Forest District.  Haeussler (1998) created hand drafted maps using local knowledge and air photo interpretation.  She followed Terrestrial Ecosystem Mapping (TEM) protocol and the Bulkley Forest District subsequently digitised her maps.  As noted by Haeussler (1998), the maps in that report are not inclusive for the Bulkley and Morice FDs and there is no mapping at all for the Lakes FD.  We used Haeussler’s (1998) maps as a check on the accuracy of the mapping we completed for this project.

Fieldwork was conducted in the summer of 2002 to assess the condition of various grasslands in the PRFR.  This work was done in connection with Oikos’ native grassland restoration contract (Oikos 2002).  Collected field data was used in generating the PEM maps.  A summary of data collected is included in Appendix 1, and selected site photographs are in Appendix 2.

3.2 Description of Range Ecosystem Units

This section describes site, soil and vegetation characteristics of the range units that we identified and mapped in this report.  Forage and wildlife values are also described briefly.  We divide the units into natural grasslands, forb-dominated  meadows, and trembling aspen ecosystems.  The unit descriptions are combined from our reconnaissance field work for this project, and from TEM projects we have completed in the PRFR.  We classified the ecosystems using Banner et al. (1993) and Williams et al. (2001) to standardize interpretations and extrapolate research results.

3.2.1 Natural Grasslands

3.2.1.1 Saskatoon – slender wheatgrass scrub/steppe (SBSdk/81)

These red-listed ecosystems occur on dry rocky sites with favourable warm aspects over generally base-rich parent materials.  Seasonal drought precludes mature tree growth so site vegetation is characterised by a mosaic of shrubs, forbs, and grasses.  Shrub and tree species include saskatoon, common snowberry, Rocky Mountain juniper, chokecherry, prickly rose, and stunted aspen (Banner et al 1993).  The diverse herb layer includes slender wheatgrass, interior bluegrass, stiff needlegrass, spreading needlegrass, purple peavine, and northern bedstraw.  The moss/lichen layer is sparse, consisting of sidewalk moss, pixie-cup lichens and pelt lichens (Haeussler 1998).

3.2.1.2 Bluegrass – slender wheatgrass grassland (SBSdk/82)

Rare and red-listed in the SBSdk, it is postulated that these grasslands originally covered extensive areas on warm aspects in the Bulkley, Morice and Lakes FDs.  Soils are typically Brunisols and Luvisols, with some Chernozems (Banner et al 1993).  This ecosystem contains few trees, shrubs and mosses.  The well-developed herb layer contains numerous species of grasses and forbs, including Sandberg bluegrass, interior bluegrass, slender wheatgrass, spreading needlegrass, stiff needlegrass, Kentucky bluegrass, timothy, creeping red fescue, junegrass, blue wildrye, false melic, bromes, timber oatgrass, thick-headed sedge, purple peavine, fireweed, yarrow, western meadowrue, and northern bedstraw (Haeussler 1998).

3.2.2 Forb-dominated meadows

3.2.2.1 Cow parsnip – avens forb meadow (SBSdk,mc2/52- CA)

This subhygric to hygric unit was described and by Oikos (1997), is a suggested addition to the blue list (Oikos 2000), and is found on deep, rich, moist soils.  Species include cow parsnip, fireweed, stinging nettle, western meadowrue, large-leaved avens, blue wildrye, bromes, and bluejoint.  Sites are uncommon and threatened by encroachment at lower elevations.  Canada thistle is often found on these sites (Haeussler 1998).

3.2.2.2 Aster – meadowrue – peavine – fireweed forb meadow (AM)

Mesic to submesic forb meadows are scattered throughout the interior Prince Rupert Forest Region, particularly at higher elevations.  They occur on level inactive fluvial deposits with fine-textured soils over gravels, and on gentle to steep southwest-facing slopes with rapidly drained, deep soils.  These sites support an incredible variety of species, and composition varies from site to site.  Species include buttercups, monkshood, asters, peavine, western meadow-rue, northern bedstraw, meadow valerian, fireweed, yarrow, goldenrod, indian paintbrush, cinquefoils, native thistles, grapeferns, moschatel, blue wildrye, bluegrasses, bromes, Alaska oniongrass, false melic, and thick-headed sedge.  Compared to CA, these sites are of shorter stature, have a higher species diversity, lack cow parsnip, stinging nettle, large-leaved avens and arrow-leaved ragwort, and are more susceptible to tree encroachment.

3.2.3 Aspen ecosystems

The aspen ecosystems we mapped are assumed to be plant communities that have encroached grasslands and rangelands that were historically maintained by natural and anthropogenic burning. We have used the Williams et al. (2001) classification approach to identify and map these ecosystems. The classification also serves as a method for prioritising restoration burns in the next section.

3.2.3.1 Aspen – anemone (50)

This hardwood association is restricted to very dry, thin-soiled, south-facing slopes or crest positions, and is not common on the landscape.  Soils are often fine-textured but with large rock fragments; the humus layer is thin but active.  This unit is transitional to the saskatoon – slender wheatgrass scrub/steppe ecosystem (81).  Aspen has low vigour and is present as small clones.  Shrubs include saskatoon, common juniper, common snowberry, and choke cherry.  The diverse herb layer includes slender wheatgrass, western meadowrue, wild sarsaparilla, and cut-leaved anemone. An ecosystem restoration program under the TERP umbrella of prescribed burning and other treatments is presently planned for the PRFR where these ecosystems have encroached native grasslands (Oikos 2002). 

3.2.3.2 Aspen – kinnikinnick (Atki)

Found on dry, south-facing slopes, and level to gently sloping gravelly terraces, this unit is slightly more common than the At – anemone unit.  Soils are coarse-textured Brunisols with thin Moder humus forms.  Aspen with low vigour are present, possibly along with scattered lodgepole pine.  Shrubs include saskatoon, common juniper, kinnikinnick, and dwarf blueberry.  The diverse, but relatively unproductive herb layer includes blue wildrye, bluejoint, fringed brome, rough-leaved ricegrass, purple peavine, western meadowrue, northern bedstraw, false Solomon’s seal, fringed aster, fireweed, showy aster, wild strawberry, one-sided wintergreen, twinflower, and creamy peavine.

3.2.3.3 Aspen – saskatoon – snowberry (Atss)

This seral association is found on dry, warm aspects, on mid to upper slope positions.  Soils are coarse- or fine-textured Brunisols, and humus forms are generally Moders.  This unit has high forage potential.  Aspen is typically the only tree species, with saskatoon and common snowberry dominating the shrub layer.  The herb layer includes blue wildrye, bluejoint, fringed brome, purple peavine, western meadowrue, northern bedstraw, false Solomon’s-seal, fringed aster, fireweed, American vetch, showy aster, wild strawberry, mountain sweet-cicely, Canada violet, and creamy peavine.

3.2.3.4 Aspen – pink wintergreen (Atpw)

This mesic seral association is common on level to moderate slopes, and is best-developed on warm aspects with well-drained Brunisols or Luvisols.  Forage value is medium to high due to the abundant herbs.  Aspen is the leading tree species, with Scouler’s willow and scattered conifers also present.  The dominant shrubs are prickly rose, black twinberry, highbush cranberry, and birch-leaved spirea.  Herbs include blue wildrye, bluejoint, rough-leaved ricegrass, purple peavine, western meadowrue, northern bedstraw, false Solomon's-seal, bunchberry, fringed aster, fireweed, pink wintergreen, American vetch, showy aster, trailing raspberry, wild sarsaparilla, twinflower, mountain sweet-cicely, and creamy peavine 

3.2.3.5 Aspen – Canada violet (Atcv)

This association is found on fresh to moist sites with rich soils.  Forage and wildlife values are high.  Aspen is very productive, but stands tend to be open, with a meadow-like appearance.  Shrubs include red-osier dogwood, black twinberry, prickly rose, Scouler’s willow, and thimbleberry.  Herbs dominate the understorey, including blue wildrye, bluejoint, purple peavine, western meadowrue, northern bedstraw, false Solomon’s-seal, cow parsnip, sweet-scented bedstraw, fringed aster, fireweed, American vetch, showy aster, trailing raspberry, wild sarsaparilla, baneberry, mountain sweet-cicely, great northern aster, Canada violet, tall larkspur, creamy peavine, and queen’s cup.

3.2.4 Other forested stands

The aspen and grassland ecosystems described occur in complexes with each other and with coniferous forests.  They include the following, all described for the SBSdk (Banner et al. 1993):

· Pine – juniper – ricegrass (02).  A dry, poor site series found on rock outcrops and gravelly terraces.

· Pine – feathermoss – cladina (03).  A moister, more productive, more diverse and more common site series than the 02.  Open stands found on gravelly glaciofluvial deposits or bedrock outcrops.  Sparse shrub and herb layers.

· Spruce – spirea – purple peavine (01).  The zonal site series, common and widespread, most often on deep morainal deposits.  Forested with moderately developed, diverse shrub and herb layers.

· Spruce – spirea – purple peavine, coarse-textured phase (01b and 01c).  Phase of 01 found on well- to rapidly- drained Brunisols with large, abundant coarse fragments.

· Douglas-fir soopolallie – feathermoss (04).  Uncommon localised along eastern ends of Francois and Babine lakes, usually on relatively steep, dry, south-facing slopes with shallow soils.

· Spruce – twinberry – coltsfoot (06).  Slightly moister and richer than 01, on finer-textured soils.  Similar species composition to 01 but growth and vigour are higher.  

3.3 Predictive Ecosystem Mapping (PEM)

We have used PEM (Meidinger 1999) methods to provide a comprehensive map of natural grasslands and rangelands in the PRFR.  PEM uses different kinds of digital map data to develop models that predict biogeoclimatic site series or ecosystems, and then projects this information onto maps. The PEM approach is less expensive, less time consuming and less labour intensive than TEM, but is considerably less accurate. The results should thus be considered a first step in developing a comprehensive inventory of natural and encroached rangelands in the PRFR.

We provide a PEM methodology and 3 mapsheets to demonstrate the accuracy and approach of the mapping.  The PEM products delivered provide all that is required to produce a map of grasslands in the Bulkley, Lakes, and Morice FDs.  Producing the final product for three districts requires preparation of all 1:20,000 maps for the three districts, and regional staff did not have time before the end of the fiscal year to complete this task. 

3.3.1  PEM Approach and Methods

We selected three 1:20,000 TRIM test mapsheets (93L.066 -Bulkley FD, 93L.048 - Morice FD, 93L.010 - Lakes FD) to develop the PEM models.  These 3 sheets were selected because we conducted groundwork in the area and were familiar with the ecosystems mapped in these areas.  For further verification the Morice FD (93L 010) was mapped by O’Byrne (2000) and the Bulkley sheet was mapped by Haeussler (1998) so was overlain to check the mapping.  

Shawn Reed, GIS Analyst of MSRM, Prince Rupert Region helped create an input database and he can be used to finalize the mapping for the PRFR. Three common map bases, across the Forest Districts, with quality digital spatial and thematic data useful in predicting grasslands were chosen.  1:20,000 scale Biogeoclimatic Ecosystem Classification (“Big BEC”) maps, 1:20,000 scale TRIM maps, and 1:20,000 scale Forest Cover (FC) map bases were used to generate the model.  Based on field data collected and airphoto interpretation, several attributes from the TRIM and FC maps were used and are described below.   The PEM knowledge base used to generate the maps form these variables is included in Appendix 3.

3.3.1.1 TRIM Attributes

Slope and aspect classes were derived from the Digital Elevation Model (DEM) component of TRIM base maps.  Based on field data and air photo interpretation, it was found that grassland-aspen complexes occur on southerly aspects, and the more intact natural grasslands on steep southern slopes, while aspen encroached historic grasslands occupied more gentler south, south-western and south-eastern slopes. Based on this data several slope and aspect classes were created to help predict potential sites (Tables 3 and 4). 

Table 3: PEM Slope Classes

	Slope Class
	Description
	Slope Gradient Range (%)

	1
	level
	0 - 20

	2
	gentle
	21 - 34

	3
	moderate
	35 - 50

	4
	steep
	> 50


Table 4: PEM Aspect Classes

	Aspect Class
	Description
	Aspect Range (degrees)

	A
	All aspects
	all aspects, with slope class = 1

	H
	Hot
	135-240, with slope class > 1

	W
	Warm
	241 - 285, with slope class > 1

	K
	Cool
	286 - 134, with slope class > 1


3.3.1.2 Forest Cover (FC) Attributes

Several FC attributes were found to be useful in predicting range ecosystem units.  The Non-productive descriptor (NP_DESC) attributes Open Range (OR), was a useful predictor on steep, south-facing slopes.  Rock (R), Non-productive forest (NP), Non-productive brush (NPBR), Non-Forest descriptor (NF_DESC) attribute, Non-commercial brush (NCBR), were also used.

Other forest cover attributes were useful in developing the PEM model. Attributes identifying poor, low height, open canopy, aspen leading forests were used to map potential present and past rangelands.  Useful attributes included the following;

· environmentally sensitive areas (ESA_1 and ESA_2) with productivity problem areas (P), steep soil erosion problem areas (S), and combination SP;

· leading and secondary tree species (SPC_1 and SPC_2) with values for aspen (AT), lodgepole pine (PL) and Douglas Fir (FD);

· crown closure class (CRNCL_CL) with values less than 5;

· height class projected (HTCL_PR) with values less than 4;

· age class projected (AGECL_PR) with values less than 4, and;

· site index classes (SI_CL_5M) with values less than 20.

After the input databases for each mapsheet was constructed, a knowledge base table was created (Appendix 3) This table comprises of a matrix of weighted scores of the input attributes likeliness in predicting a map unit.  The map units predicted are described in the following section.

The input databases and the knowledge base table was then run through the EcoNGen (MoF 2001) modelling engine.  EcoNGen adds up all the scores and assigns the map unit with the highest score to a given map polygon.  In this way, a final map is produced presenting location and extent of the predicted potential grassland-aspen complexes as map units on the landscape.

3.3.2  PEM Map Units

The PEM map units (Table 5) are combinations of the range ecosystem units described in Section 2.2.  The units were developed to provide a useful basis for the rangeland inventory, and to reflect the level of detail that was possible with the mapping.  The Natural Grasslands (NG) map unit is mostly comprised of existing natural grasslands on steep south-facing slopes.  In most cases the NG unit is surrounded by the EG and DR map units occurring in grassland-aspen copse complexes on south-facing ridges across the region.  The EG map unit described very small aspen stands that probably have recently encroached the native grasslands, whereas the DR unit describes larger aspen ecosystems that are either more productive or older.  The Mesic Rangeland (MR) unit describes relatively mature aspen stands which we assume have invaded historic grasslands, possibly before 1949 in some cases.  Not all of the  MR units mapped supported grasslands historically, but where they occur in the south facing complexes with other map units it may be desirable to restore them to range use. This is discussed further in Section 4.

Table 5: Range Ecosystem Map Units

	Code
	Name
	Site Series
	Brief Description

	NG
	Natural Grasslands
	81; 81/50 complex; 81 complexed with: 02, young 03 forests, Atki & Atss seral associations
	Natural intact grasslands with little Aspen encroachment, occurring on steep south facing upper slopes, with thin soils, with a dry (xeric – subxeric) soil moisture

	EG
	Encroached Natural Grasslands
	50, Atss; encroached 81/82 & intact dry 82 complexes with young 03, 01b, 01c, 05, 04 & dry Atcv, (Atpw)
	Moderately encroached natural grasslands with young stunted Aspen, occurring on south facing moderately steep mid slopes, with thin to medium thick soils, with a slightly dry to dry (submesic-subxeric) soil moisture

	DR
	Dry Rangeland
	Drier Atcv, wetter Atss; heavily encroached 82 (& few moist 81/50), complexed with young 01, 01b, dry 06, (04, 05, Atpw) & other meadows & openings
	Heavily encroached historic natural grasslands, with young short Aspen; now more of a young open short Aspen stand; occurring on mostly south facing moderate-gentle mid-lower slopes, with medium thick –deep soils; with a slightly dry to mesic (submesic-mesic) soil moisture

	MR
	Mesic Rangeland
	older moister Atcv; historic 82, now young-older 06, 01, Atpw & complexes with small meadows & openings
	Young, somewhat short and open Aspen stands, that potentially & historically supported fire maintained range & openings; occur on somewhat south facing gentle mid-lower slopes, with deep soils; with a mesic to moist (mesic-subhygric) soil moisture

	OF
	Other Forests, ecosystems and areas
	All other site series and ecosystems
	Other Forests, ecosystems and areas; including coniferous forests, some deciduous forests (older and taller Aspen forests), wetlands, alpine and developed areas


3.3.3 PEM Results

Three PEM maps were produced and are included in Appendix 4.   The maps represent 1:20,000 forest cover and/or TRIM sheets for each of 3 forest districts, and include areas we have ground checked.  Map units in the map sheets correspond to those outlined in Table 5.  The maps are suitable for planning at the regional or district level (ha of the different units etc). In many cases the units are represented as small, isolated slivers (mostly DR units) so these should not be interpreted as grassland complexes.  The most promising for restoration burns are those where there is a complex of all of the mapping units. The maps are presented as draft products to be reviewed and we welcome format suggestions for the final draft of the report.

We are confident that the maps reflect an accurate representation of the map units described in Table 5.  We base this conclusion on aerial photo interpretation of the maps, and on overlaying of the map from Haeussler (1998) onto the Bulkley FD map.  This overlay produced a very good fit between her mapping and the units we have delineated. We will conduct further quality assessment of the maps using air photos for the final draft.

4.0 treatment of grassland-aspen complexes – A REVIEW

4.1 Prescribed burning for aspen control

Prescribed burning is not a simple, one-time solution for grassland restoration, nor is it a ‘magic bullet’ that alone will erase past management failures or make up for improper management in the future (Ortmann et al 1998).  However, prescribed fire can produce many benefits, including (Trottier 1992, Ortmann et al 1998):

· increased grass nutrient quality,

· enhanced flowering and seed production,

· removal of unpalatable dead plant matter,

· creation of suitable seedbeds,

· reduced hazardous fuel build-up,

· topkill of shrubs and trees,

· suppression of some undesirable, introduced grasses and forbs,

· increased browse at a height that grazers, both wild and domestic, can reach, and;

· increased control of insect pests.

After an initial prescribed burn, topkilled shrubs and trees will often increase in cover and vigour (Higgings et al 1989).  Aspen resprout vigorously after a burn, so subsequent burns or other treatments have to be implemented for success.  In Utah, it has been found that high-severity fires merely increase the depth of the parent roots from which the sprouts originate (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

The slope position of aspen also affects how it responds to fire.  Trees on slopes show greater damage than those on flatter areas, as flames moving uphill curl around the tree, charring the stem further up (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

The timing of a prescribed burn is important.  Various times of year produce differing results.  In most cases, however, the only practical time to burn is in the spring when fires are easily controlled.  Spring burning often results in aspen sprouting later in the growing season, and again the following year (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Repeated fall burns (“reclamation burns”), at 1-2 year intervals to allow fuel build-up, have been found successful in reducing tree and shrub cover (Trottier 1992).  One or two fires, followed by several rest years, tend to result in increased tree and shrub cover (Higgings et al 1989).  Maintenance burns every 5-10 years, after the reclamation burns, are important to prevent encroachment.  In northwestern Minnesota, 13 years of annual burning significantly reduced the number of aspen suckers (Boyd 2001).

Bailey and Anderson studied fire temperatures in grass, shrub and aspen communities of central Alberta (1980).  They found aspen forests very hard to burn, requiring the following conditions: very dry surface fuels, low relative humidity and winds in excess of 6 kph.  A fire under such conditions can result in nearly 100% mortality of aspen trees.

4.1.1 Effects of prescribed fire on herbs

When using prescribed fire to reduce encroachment, it is important to look at the effects on the rest of the plant community, as these species in most cases will comprise the grassland that is being restored.  Daubenmire (1968a in Bailey and Anderson 1978) reported that burning favours forbs over grasses.  Bailey and Anderson’s work concurred; further, they found that burning favours perennial forbs rather than annuals (1978).  These results may be misleading in that responses are generally quite species-specific and may not apply to our region.

4.1.1.1 Native species

Slender wheatgrass (Elymus trachycaulus) is an indicator species of the grasslands in the Prince Rupert Forest Region.  It is also widely used for revegetation on disturbed lands.  A short-lived perennial species, it is favoured by summer or fall fires and most sensitive to spring fires which coincide with its growing season (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Given the spring burns planned for this project, the impact on slender wheatgrass will be an important consideration for monitoring proposed for the project.

Junegrass (Koeleria macrantha) is little to moderately damaged by fire, and is considered a superior fire-resistant, perennial bunchgrass.  It is usually top-killed by fire, but the meristematic tissues at the ground surface and root crown persist.  Junegrass tends to respond positively to fire,  with increased seed heads and taller inflorescences.  Over time, production increases on burned sites compared to unburned ones (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Fringed brome (Bromus ciliatus) has a low tolerance to moderate and severe fires.  However, the seeds of most plants survive grass fires.  In one study, fringed brome did not show appreciable recovery from a moderate-intensity fire.  Another study found that, after a spring prescribed burn (intensity not noted), cover and frequency of fringed brome increased the third year (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Blue wildrye (Elymus glaucus) is adapted to survive fire.  Bunches are small, and burn quickly, so that little heat is transferred to the root crown.  Blue wildrye resprouts from the root crown and re-establishes from on-site seeds after a fire.  It is recommended for using in seed mixes to revegetate burn mixes because it germinates well and establishes rapidly.  However, it may be suppressed by other seeded species (typically agronomics) (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Yarrow (Achillea millefolium) completes its life cycle by the onset of the summer drought season.  After a fire, it regenerates from rhizome spread and wind seed dispersal.  Yarrow is not highly susceptible to fire, but fire can damage its rhizomes.  Cover and frequency initially increases beyond pre-fire levels, but after about 2 years tends to drop back to original pre-fire levels (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Rosy pussytoes (Antennaria microphylla) is killed by moderate to severe fires, but not low-intensity fires.  Where rosy pussytoes is killed, it tends to return in 2 to 3 years (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

American vetch (Vicia americana) is moderately resistant to fire, and typically will increase following fire (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Showy aster (Aster conspicuus) is moderately resistant to fire, and typically sprouts from surviving rhizomes.  Fire stimulates growth and flowering in subsequent years (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

4.1.1.2 Non-native species

Timothy (Phleum pratense) is common in our region and is well-adapted to fire, due to its underground regenerative organs that are only harmed by severe fires.  It can be harmed if burned during the active growing season.  Otherwise, fire stimulates the production of tillers, and increases seed production (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Kentucky bluegrass (Poa pratensis) rhizomes tend to survive fires.  Phenology at the time of burning influences damage to the plant.  Late spring fires, after the plants have been growing for about a month or more, are most damaging; it cannot survive frequent burns at this time.  Cover, biomass, and flower stalk density are often greatly reduced the first growing season following a late spring fire.  Burning at other times of the year may increase, or not affect, grass densities.  Annual burning will decrease bluegrass density over time.  Otherwise, densities will return to pre-fire levels within 1 to 3 years (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Smooth brome (Bromus inermis) is usually rhizomatous; these rhizomes survive fires and resprout.  Early spring or late summer/fall fires can increase smooth brome productivity, especially when it has become sod bound.  Late spring fires generally damage smooth brome, but has been observed to stimulate it (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Dandelion (Taraxacum officinale) is a common non-native species, and is well adapted to fire.  Late spring burns have been most effective at reducing dandelion cover.  Seeded native grasses may compete with dandelion (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

Crested wheatgrass (Agropyron cristatum) burns quickly and is therefore less susceptible to fire damage than some bunchgrass species.  The underground parts tend to survive fire, and postfire recovery is rapid (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).

As a tool, fire is never simply beneficial or detrimental: it varies according to growth stage, season and species (Bailey and Anderson 1978). The native grasses and forbs studied tend to be well adapted to fires.  Slender wheatgrass is sensitive to spring fires, during its active growing season.  Fringed brome and rosy pussytoes are sensitive to fire at any time, but will often return within a few years.  The non-native grasses and forbs studied are very tolerant of fire, except for late spring fires during their active growing season.  Fire during the active growing season of any herb seems to be detrimental, so one could not harm the non-natives without also harming the native species.  The planned early spring prescribed burns will likely not cause severe damage to any species.  The response of any grassland to fire is complex, and the monitoring carried out for this project will show how the saskatoon – slender wheatgrass communities respond.

4.1.2 Case Study 2: Northwest Boreal Region, Alberta

The Northwest Boreal Region of Alberta has recently been carrying out prescribed burns:

Many of the burns are found along drainages with south facing slopes.  Controlled burning is an effective tool to help manage and reduce aspen encroachment.  As aspen communities reduce it allows grassland communities to expand, creating a diverse mosaic of winter range habitat.  These burns increase winter forage and browse that can support larger populations of ungulate.  In the spring when aspen foliage begins to appear, burning begins to stimulate greater stress on large aspen.  This method of burning achieves a greater percentage of killed aspen trees.  Several years after completion of the initial burn, aspen trees begin to litter the ground.  These heavy fuels are allowed to accumulate for 3-5 years before a second burn.  The second burn and often the final burn will remove these heavy fuels and further reduce aspen canopy for grassland communities to grow (Alberta Conservation Association 2001).

4.2 Other methods of aspen control

Fire alone is usually insufficient to control the spread of trembling aspen.  Indeed, fire alone can cause an increase in the number and cover of aspen sprouts (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Fire is only one of several factors controlling trembling aspen spread; drought and browsing/grazing are also factors.  Today, herbicides, grazing, and mechanical methods, such as hinging and girdling, are often used along with prescribed burns to remove aspen (Bailey 1972).

4.2.1 Climate

Although climatic conditions are not a tool that humans can utilise to control, it has played a large, historic role in determining where aspen will grow.  Knowledge of how climate, specifically temperature, affects aspen can be used to determine the best time of year to implement treatments.  Temperatures below 15.5°C or above 35°C inhibit sucker formation (Pringle et al 1973). Suckers that are established late in the growing season are often winter killed, whereas those established in the spring are not (Pringle et al 1973).  Late establishment suckers may not have developed dormancy characteristics, and temperatures low enough to kill very young shoots may also kill, thereby eliminating, viable primordia (Fitzgerald and Bailey 1984).  There are problems with this timing, however, when dealing with prescribed fire, because acceptable burn conditions may be controlled by other factors.

4.2.2 Browsing and grazing

The history of Elk Island National Park, near Edmonton, illustrates the importance of browsing and grazing in maintaining grasslands and controlling aspen.  This park was described by early settlers as a natural grassland with scattered aspen groves.  By 1895, extirpation of bison and severe reduction of other ungulates was followed by expansion of aspen.  Bison were reintroduced with Park establishment, but fire was not.  Ungulate populations rose rapidly and were culled in the 1930’s and 1950’s.  Grassland expanded with the ungulates, while trembling aspen abundance expanded when culling occurred (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Along with bison, heavy browsing by elk and sheep, and to a lesser extent by cattle, results in substantial suppression of aspen (Fitzgerald and Bailey 1984).  Controlled, moderate to heavy grazing is an effective technique for killing suckers.  This grazing would likely injure the suckers more than the herbaceous understory (Bailey and Anderson 1979).

In the Prince Rupert Forest Region, grazing has likely played a small role in the development of the grasslands.  Native grasslands are important winter and early spring areas for ungulates, but numbers were probably too low to impact aspen encroachment.

4.2.2.1 Case study  3: Prescribed burning and grazing in the Aspen Parkland (Fitzgerald and Bailey 1984, Bailey et al 1990)

This study was carried out to evaluate the effectiveness of post-burn cattle browsing as a technique to control aspen in central Alberta.  Two short term, heavy grazing treatments were carried out: one after the emergence of the suckers (early), and one just prior to leaf fall (late).  Treatment evaluations were carried out three and six years after burning and seeding.

A single heavy late grazing practically eliminated aspen regeneration, and two quite different plant communities resulted from the two grazing regimes.  After the first year, the plant biomass in early-grazed plots consisted of 29% aspen and 28% grass (mainly sown species), while late-grazed plots had only 2.5% aspen and 18% grass, with a higher proportion of shrubs, especially snowberry.  Trends established after the first year were still evident after the second year.  The results indicated that heavy browsing by cattle in August may be an effective technique for control of aspen suckers, following initial top kill (Fitzgerald and Bailey 1984).

After six years of continuing treatment, the plots (including a control plot) were re-evaluated.  Regardless of treatment, density of all woody species was lower 6 years after burning than after 3 years.  Grazing reduced the height of aspen, preventing the development of a forest canopy.  Late season grazing nearly eliminated aspen suckers after only one year, while early grazing took seven years to reduce aspen stem density to 7% of the original stem density.  Both early and late season grazing reduced the density of aspen and wild raspberry (Rubus strigosus).  Late season grazing promoted a greater density of unpalatable western snowberry (Symphoricarpos occidentalis).  After the first two years of grazing, the timing of grazing did not seem critical: provided heavy grazing occurred, the aspen remained at relatively constant levels.  The timing of grazing affected the rate of succession, but did not affect the final, stable community – only the presence or absence of grazing affected this.

4.2.3 Mechanical methods

Various mechanical methods may be applied for controlling aspen.  Experience to date suggests that mechanical approaches are expensive, and may be ineffective in reducing aspen abundance and vigour.

4.2.3.1 Cutting

For cutting of aspen to be effective it is necessary to repeatedly remove shoots and thereby exhaust the supply of nutrient reserves (Bowes 1975).  However, it has been shown that this takes at least 7 to 8 years (Bailey et al 1990) of repeated cutting, which comes with very high costs and may impact other values due to repeated traffic. 

4.2.3.2 Girdling

Girdling reduces aspen abundance; sprouting is weak because the hormone levels remain fairly constant.  Girdled trees die slowly over the course of one to two years.  It is also thought that girdling promotes root system decay (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002, Kennay and Fell 1990).  

The easiest time to girdle a tree is in the spring or early summer, when the sap is flowing and the bark peals readily.  Girdling involves removing the bark and phloem from a band around the tree trunk, while leaving the xylem intact.  Any small stems present near a large, girdled tree should be cut to minimize resprouting.  Girdling and cutting should be done twice in one year (Kennay and Fell 1990).  Glover (pers. comm.) recommends girdling aspen as low as possible on the bole for best results. 

4.2.3.3 Hinging

Stem hinging is an approach to controlling young aspens that needs more research.  We did not find reference to it in the literature , but local experience (P. Glover, pers. comm.) suggests the method may have promise for this project.  Hinging aspen involves bending over young trees so that apical dominance is maintained and suckering is minimal.  In theory, hinged aspen gradually succumb as competing grasses and forbs occupy the niche formerly occupied by the healthy aspen.  Hinging before fire also lays aspen on the ground where the opportunity for fire kill is higher. Hinging is appropriate for aspen stems up to 15cm in diameter at the root collar.

4.2.3.4 Ploughing

Ploughing is generally an unsatisfactory method of aspen sucker control (Pringle et al 1973).  Aspen resprouts vigorously from disturbed suckers and densities may actually increase following ploughing treatments.  It is also clearly unacceptable as a method for restoring red-listed native grassland ecosystems due to impacts on other species.

4.2.4 Herbicides

Many researchers (Bailey and Anderson 1979, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002, Bowes 1975) have concluded that herbicides are the only cost-effective and efficacious method for controlling established aspen.  A typical protocol involves the following methods (Bowes 1996). 

· Aspen suckering is most profuse during the first 3 years after clearing.  For best sucker control, time of treatment is more important than choice of herbicide.  The best time to kill aspen is when the suckers are two years old.

· Low density aspen suckers that are less than 5-6.5 feet tall can be controlled by a bark scraper, herbicide wiper, or use of fire or grazing.

· Aspen sucker regrowth after a herbicide treatment is predictable and linear for 10 years.  The lower the canopy cover achieved one year after a herbicide treatment, the better the long term control.  When the aspen canopy is greater than 10% one year after treatment, canopy growth is similar to untreated sites.  This means that herbicide treatments that do not achieve this level of control will not be effective in controlling aspen over the long term.

· If less than 5% canopy cover of suckers can be successfully achieved, the calculated time to reach 80% canopy cover in future increases from 12 years (on the check) to 42 years.  The lower the achieved canopy cover after treatment, the better the long term control.

4.2.4.1 Glyphosate

Use of glyphosate after cutting has been shown to control trembling aspen regeneration for some time (U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2002).  Broadcast applications of glyphosate have provided good to excellent control of aspen, with summer applications being the most successful.  Hack-and-squirt treatments are highly effective, especially on small stems (<40 cm dbh).  Late summer or fall is the best time of year to ensure the movement of the chemical to the roots (Haeussler et al 1990).

4.2.4.2 2,4-D and 2,4,5-T

An application of 2,4-D at 2 lb/acre followed a year later by a mixture of 2,4-D plus 2,4,5-T (2:1) at 2 lb/acre gave 95% reduction in the population of aspen for 3 years and effective control for at least 5 years.  Reduction in the number of aspen shoots was 6 to 18% less from the application mixtures of 2,4-D plus 2,4,5-T at 2 lb/acre than from the same rate of 2,4-D.  Prickly rose was controlled for 2 years with a mixture of 2,4-D plus 2,4,5-T (2:1) at 2 lb/acre.  However, when both species are present, 2,4-D plus 2,4,5-T must be used and at least two treatments should be applied in consecutive years (Bowes 1975).  2,4-D will not prevent sprouting unless it is injected in late summer or fall, so that the chemical moves to the roots.

Bailey and Anderson studied the effects of burning and spraying with 2,4-D on aspen communities in central Alberta (Bailey and Anderson 1979).  They found that this treatment was effective in reducing the cover of woody species, without causing long-term detrimental effects to herbaceous vegetation.  Spraying must be done after a substantial amount of sprouting has taken place in order to be effective.

4.2.4.3 Hexazinone

Broadcast or spot applications of hexazinone control aspen providing organic soil layers are not deep.  Excellent control of aspen was maintained 4 years after September applications of 9-11 mL per spot hexazinone on a mesic SBSmc site in the Prince Rupert Forest District (Haeussler 1990).  Spot gun applied hexazinone has proven very effective around BC, causing aspen defoliation within 2 years of treatment (Haeussler 1990).

5.0 ASPEN-GRASSLAND  MANAGEMENT IN THE PRINCE RUPERT FOREST REGION - RECOMMENDATIONS

5.1 Recommended Methods

As reviewed above, a wide variety of methods have been attempted to control trembling aspen.  Table 6 lists various methods that may be appropriate for the PRFR, where the main objective is the reclamation of rangeland that has been overgrown by aspen and aspen-shrub complexes.  

The research that we reviewed is fairly conclusive that herbicide treatments are the most effective and cost-efficient method for controlling aspen encroachment into grassland areas.  Broadcast and tree-based chemical applications are often combined with burning to reduce on site fuels, and promote the competitive advantage of fire-adapted grasses and forbs with good forage value.  However, there is a well-established record of herbicide permits being appealed in the PRFR and this is both costly and interferes with the timing of scheduled treatments.  For this reason we have suggested a number of non-chemical approaches that may be effective.

Probably no non-chemical method will be effective by itself.  The main reason for this is that killing aspen results in loss of apical dominance and production of abundant and aggressive suckers, especially on mesic sites.  Burn, or fall and burn treatments may work if they are followed by treatments that reduce the density and vigour of post-burn suckers.  These include cutting, hinging and targeted grazing, and each has its own unknowns and impact issues.  Cutting will need to be repeated until all root carbohydrate reserves are used, and the literature suggests this may take up to 7 or 8 treatments, which is clearly too expensive.  However, carbohydrate reserves may be much lower on thin soils on submesic and subxeric sites, so it may be effective as long as site is controlled in the application.

Hinging is a method where aspens up to 15cm in diameter are bent over but not killed.  This is carried out by making a small incision at the base of the stem and pushing the tree over in the opposite direction.  By not killing the aspen, apical dominance is maintained


Table 6: Description of possible treatments, and the pros and cons of each.

	Treatment
	Advantages
	Disadvantages

	Brown and burn: Broadcast glyphosate application, followed by burn, or slash and burn to put fuels on ground.


	· research shows this to be the most effective method

· in the absence of administrative costs around herbicide appeals, this method is relatively inexpensive

· the method is well established and easy to apply with a minimum of crew training and supervision
	· potential negative impacts on non-target species

· the largest issue is the established history of public opinion and the cost and time required for the appeal process; negative public opinions include those who want no herbicide use of any kind and those who feel herbicides and food beef are a bad combination

· First Nations also appealed the recent Canfor PMP hearings

· smoke management issues

· fire safety issues

	Targeted herbicide application:  hack and squirt with glyphosate

(could be followed by burn or fall and burn as above).
	· research shows this method to be very effective

· in the absence of administrative costs around herbicide appeals, this method is more expensive than broadcast chemical application, but still cheaper then manual methods

· the method is well established and easy to apply, with a minimum of crew training and supervision

· this method gets away from impacts on non-target vegetation
	· potential negative impacts on non-target species

· the largest issue is the established history of public opinion and the cost and time required for the appeal process; negative public opinions include those who want no herbicide use of any kind.

· First Nations also appealed the recent Canfor PMP hearings

· can be fairly labour intensive

· smoke management issues

· fire safety issues


Table 6 (cont.): Description of possible treatments, and the pros and cons of each.

	Treatment
	Advantages
	Disadvantages

	Fall and burn: fall trees and burn grass and downed trees.

(combine with targeted grazing or hinging/girdling) 
	· relatively easy to carry out

· also relatively inexpensive
	· downed aspen may be hard to burn

· aspen may  resprout vigorously so some sort of follow up treatment is required (as suggested) – this complicates the treatment and increases costs

· smoke management issues

· fire safety issues

	Burn live trees.
	· the cheapest method of all

· easiest and simplest to implement

· burning will help maintain existing grasslands
	· smoke management issues

· fire safety issues

· green, living aspen will be hard to burn and will require very specific fire weather that will coincide with  increased risk of uncontrolled spread

	Targeted grazing:

(as a follow-up to other methods).
	· proven effective when space and time are controlled

· mostly suitable for young aspen so use to reduce the density of aspen suckering following more broad scale methods
	· only suitable for very young sprouts

· fencing costs will be significant if large areas are to treated

· possibility of erosion on steeper slopes and overgrazing impacts on more desirable forage species that are needed to outcompete the aspen suckers  

· may require considerable supervision and monitoring costs to be effective


Table 6 (cont.): Description of possible treatments, and the pros and cons of each.

	Treatment
	Advantages
	Disadvantages

	Girdling

(combine with targeted grazing or burn)
	· kills mature aspen without herbicides 

· kills trees gradually so suckering may be reduced
	· resprouting density and vigour following girdling not well know

· labour intensive thus relatively expensive

	Hinging

(combine with burning and/or targeted grazing)
	· potential non-chemical method for dealing  with small  (<15cm) aspen

· relatively less labour intensive and expensive than girdling

· makes forage available  
	· untested in a formal way so results not known

· labour intensive thus relatively expensive

· only suitable for young aspen


so sucker growth is not initiated.  This provides an opportunity for grasses and forbs to grow over the aspen, gradually shading it out and killing it without abundant sucker growth.  Another approach is to lay stems down with hinging and then conduct a burn, so that suckers are exposed to more intense heat and possibly higher mortality.  Hinging has been used successfully in the PRFR (Paul Glover, pers, comm.), but has not been formally tested.

Girdling is a proven method for controlling aspen, but is relatively expensive, and is only appropriate for larger stems (>15cm).  Also, the rate of suckering following girdling is largely unknown, so it would be best to plan for follow up treatments such as targeted grazing, hinging, or cutting. 

Another approach put forward here by Oikos is to consider ‘targeted thinning’ as a method for controlling stands of mature aspen.  The idea here is that, by leaving the dominant aspens in a clone, apical dominance would be maintained so that sucker production would be reduced, compared to removing all trees.  The more open aspen canopy would permit higher productivity of subcanopy forbs and grasses that would compete with aspen suckers produced following the treatments.  The thinning could be carried out either by felling or by girdling, and trees for thinning would be selected with the maintenance of apical dominance as the objective.  The art would be to balance aspen canopy removal and stimulation of palatable subcanopy vegetation, with loss of apical dominance and production of suckers from killed trees.  Working within identified clones might provide some guidance for the targeted thinning.  It might be advisable to plan for follow up understorey treatments such as a cool surface fire or targeted grazing, to deal with suckers that do develop following treatments.  The advantage of this method is that it is non-chemical and minimizes site disturbance while promoting range values.

We recommend that trials and treatments be planned using an ecosystem–based approach, i.e., treatments should be stratified according to soil moisture and nutrient regime.  We predict that aspen responses will vary with soil moisture and nutrients because aspen nutrient status and health is directly determined by these site factors.  For example, the mortality rate of aspen due to prescribed burning can be expected to increase as soil depth decreases on drier sites. Similarly, the nutrient reserves of lateral roots that produce suckers may be less on drier sites, so fewer cuttings may be required to exhaust them.  Another factor that will vary with site is the composition of the non-aspen vegetation complex, and this will influence the efficacy of treatments and the interpretation of results.  In general, not accounting for site when designing treatments will confound results by creating a wider variability in measured responses to the treatments.  By reducing this variability fewer experimental replications will be required to assess experimental outcomes.

Aspen stands have been identified in the PRFR as an important component of biodiversity and provide key habitat for songbirds, woodpeckers and sapsuckers, ungulates, bears, and amphibians (Radcliffe et al 1994, Peterson and Peterson 1995).  Rangelands to be reclaimed also intersect important red-listed native grassland ecosystems on the driest and steepest sites.  It is critically important that proposed reclamation efforts account for these biodiversity values when prioritizing areas for treatment.  In the PEM maps we have identified a wide range of potential aspen ecosystems (especially the MR unit), and certainly not all of these will be suitable for reclamation. 

5.2 ‘Learning by Doing’ – An Adaptive Management Approach

It should be clear from the above discussion that controlling aspen encroachment and reclaiming rangeland in the PRFR will involve much trial and error before optimal operational methods are developed. With this in mind we recommend that an adaptive management approach be taken to develop these methods.  An adaptive management approach provides a logical framework that will formalise the ‘learning by doing‘ nature of the proposed treatments.  This will permit the communication of results to researchers in other areas, and provide logic and justification for management decisions that are made. 

An adaptive management approach is a hybrid between unmonitored operational activities and formal scientific research.  Sample experimental design approaches for laying out the trials are discussed and described in .the Procedures for Environmental Monitoring in Range and Wildlife Habitat Management (MWALP/MoF 1996).  We recommend that treatments utilizing herbicides be compared to non-chemical methods in a structured way so that effectiveness and cost efficiencies can be directly compared.  We would also urge regional staff to consider and implement some of the non-chemical approaches suggested here. In particular we feel the targeted thinning and hinging methods are worthy of study, and may be promising non-chemical alternatives.  Given problems with acquiring operational herbicide permits, these methods, or others developed as the program is implemented, may become the main tools for reclaiming rangeland in the PRFR. 

6.0 Prioritisation of sites for treatment

A final objective of the project is to provide criteria for prioritizing sites for reclamation treatments.  We feel the PEM mapping can provide a very comprehensive inventory of candidate stands to treat in the PRFR. While a selection of individual sites to treat is beyond the scope of the project, there are some general considerations we would like to put forward when prioritising sites for treatment (Table 7) 

The most basic consideration when prioritising sites is probably forage potential. Clearly we want to reclaim rangeland that has high value for foraging range animals.  The trade-off here is that these will be the mesic and sub-mesic site series that will be the hardest to reclaim because aspen vigour will be the highest.  Level of use and access to the site are other obvious considerations.

As for range forage value, the level of encroachment has two opposing considerations – more encroached sites will be harder to reclaim, whereas less encroached sites will be easier to reclaim, but the urgency will be lower. The same is true for the size of the site.

Table 7: Some criteria for prioritising sites for treatment.

	Criterion
	Description

	Forage potential
	Encroached areas with higher forage potentials are more desirable for treatment.  These include the forested Atss, Atpw, and Atcv, and the non-forested 82, 52 and AM.

	Level of use
	Sites that are highly used for grazing are a high priority for treatment, to increase forage values.

	Accessibility
	This is a practical consideration, which will aid in determining the feasibility of treating a specific site.

	Degree of encroachment
	Sites with a higher degree of encroachment are at a higher priority for treatment, for there is much grassland/meadow to reclaim.  However, sites with a low degree of encroachment are also important to treat, in order to maintain their area.

	Size
	The smaller grasslands and open range sites are more at risk of disappearing through encroachment than larger ones.  As such, they are high priorities for treatment.  However, it is more feasible to treat and maintain larger openings, where more land can be converted from forest to open range with a single treatment.

	Habitat Values
	Habitat values are a complex issue in that the treatments may enhance values for some species and reduce values for others.

	Presence of rare ecosystems
	Rare ecosystems need consideration.  The natural grasslands (81 and 82) are red-listed sites, and the moist forb meadow (52) has been proposed for blue listing.  Such rare sites are high priorities for treatment, as they are under pressure from encroachment.  Care must be taken when using rare ecosystems as rangeland.


Smaller sites are more at risk of being lost to encroachment, but larger sites give you more ‘bang for your buck’.  Another factor will be that larger fires will be harder to control, so it may be prudent to start with smaller areas that are more at risk, and develop methods there before moving to larger, operational treatments.

Biodiversity and habitat values were discussed in the previous section and are re-emphasized here.  A thorough consideration for habitat supply and general biodiversity values should accompany all treatments.

Final decisions on which of these stands to treat are well beyond the scope of this report.  Regional and district range staff will have their own priorities that are based on their knowledge and experience of range use across the region.  In many cases the sites overlap with private land and this will be an issue.  We invite input on this section from reviewers 
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Appendix 1: Summary of reconnaissance field checks.

	Haeussler Polygon
	Plot
	General Location
	Haeussler Plot
	Haeussler Ranking
	Haeussler BEC Unit
	Terrain
	Fire History
	Slope (%)
	Aspect (°)
	Restoration Priority

	382
	TRP20
	McDonnell FSR where creek from McDonnell Lake joins Copper R
	N/A
	Good
	SBS/mc2/6SWd3a 4SBwx
	?ft e
	big Pl that would be great to drill
	10
	250
	would be a good site to restore, if decide to work on SWd sites, in good condition but can see trees (At) encroaching

	743
	TRP13
	Chapman Road off of Tatlow rd before gates
	N/A
	marginal
	
	
	fire history--burnt aspen? Or maybe browsed
	60
	180
	would be good to restore but is it burnable?

	242
	TRP15
	adjacent to Poly 240, Snake road/Telkwa high road
	N/A
	good
	
	
	can core Pl and Juni to get history
	45
	220
	

	240
	TRP04
	Hillside past intersection of Snake rd and Telkwa high Rd
	96-11962
	Good
	
	
	fire history
	70
	0
	low-good site surr by private land

	236
	TRP05
	Radio Tower above Veenstra Dairy Farm-Driftwood
	AA2
	Marginal
	
	
	
	45
	0
	Low--private land

	27
	TRP06
	Malkow lookout-Radio Tower
	N/A
	Good
	
	
	
	80
	0
	Good public awareness site

	423
	TRP07
	hill above Dahlie Ck, behind cemetery
	N/A
	Poor
	
	
	
	50
	0
	Low

	9
	TRP7a
	Between highway 16 and Moricetown Falls
	N/A
	marginal
	
	
	
	0
	0
	Low on Native reservation

	25
	TRP08
	hillside above Trout Creek, above train tracks
	N/A
	marginal
	
	
	
	60
	170
	

	24
	TRP09
	hillside above Trout Creek, across power line
	N/A
	marginal
	
	
	
	60
	165
	low b/c is a wooded area in most parts

	673
	TRP10
	above switchbacks on skihill road
	N/A
	good
	
	
	there is some
	35
	150
	good reference ecosystem potential although seems a little diff from others visited

	204
	TRP26
	South of Gramaphone Creek, near crest of hill, over looking Hudson Bay Range and Bulkley River
	N/A
	marginal
	SBSdk/SW3
	Cv/Ra
	some old conifers, but we didn't core
	45
	200
	not a lot of grasses here, more scrub than steppe, could use getting rid aspen!!

	203
	TRP27
	Ridge above Bulkley R, south of Gramaphone Creek-across from Irene Ronalds place
	96-1242
	marginal
	SBSdk/SW3
	Cv/R
	old Pl cored (27-1) about 80 +/- years, no fire evidence, may be a fire scar on tree
	70
	208
	would be great to restore but access may be a problem and need to double check if on private land

	665
	TRP11
	hillside above Bigelow lk and Dahlie Creek, end of logging road that starts in CN Yard
	N/A
	good
	
	
	fire history, used by locals-fire pits
	50
	180
	most of site in good condition,

	670
	TRP12
	Steep hillside above Seymour lake, before switchbacks
	N/A
	good
	
	
	
	77
	130
	Low- good site, poor burnability, little encroachment

	358
	TRP16
	steep escarpment on Zymoetz R-just off Copper Forest Service Rd
	N/A
	marginal
	
	
	
	
	150
	Low, no SW on Poly

	709
	TRP14
	Telkwa village-Heritage hill
	A1
	marg-poor
	SBSdk/80+81
	
	0
	0
	Low-middle of Telkwa

	341
	TRP17
	River escarpment above Copper (Zymoetz) river
	N/A
	marginal
	
	
	no obvious evidence seen
	30
	200
	low, no SW seen and is in CWH

	370
	TRP18
	on slope above the copper river
	N/A
	Good
	CWHws2/Swd3
	FGt?
	burnt wood on ground
	65
	170
	low-wrong subzone, Amel aln, but no Agro tra

	375
	TRP19
	Creek bank (gully side) flowing into Zymoetz river
	N/A
	good
	SBSmc2/6SWd3a 4SBwx3
	35
	150
	Low-good site generally and not a lot of SW

	66
	TRP21
	McDonnell FSR, km 20, S of road, riverbank/marshbank
	marginal
	SBSmc2/SWd3a
	no obvious fire evidence, but lots of trees at poly edge, some old Pl, that could be drilled
	30
	180
	?confusing b/c of all the hardhack on site

	92
	TRP22
	Hislop rd-Radio tower
	96-1237
	marginal
	SBSmc2/7SW3 3PH6c 1R
	burnt wood prob from campfires
	0
	0
	low because highly disturbed site, cannot remove disturbance

	214
	TRP23
	McKenzie road off Telkwa Hi road, km 8
	marginal
	SBSdk/7SW3a 3ESzlb
	Cv
	no fire hist signs observed, a fairly large Juni sco on site
	0
	0
	have to see historic size, would be interesting to restore, a small unique site

	213
	TRP24
	Bulkley River near Grammaphone Creek down McKenzie Rd, near clearcut
	N/A
	marginal
	SBSdk/7SW3a 3ESz1b
	Cv/R
	cored lg Pl, no evidence of fire in core-84 years, core kept in cruise vest- bark broken off
	75
	250
	a good site to restore to deal with grazing and aliens

	212
	TRP25
	Bulkley River-McKenzie rd-just off cutblock
	N/A
	marginal
	SBSdk/7SW3a 3ESz1b
	Ra
	burnt logs in forest (01) above site
	60
	180
	Low-this does not look like SW site b/c hera lan, loni inv and tall vegetation

	589
	TRP01
	On cliff overlooking Kitseguecla lake
	9611971
	Good
	ICH81
	
	
	140
	180
	low

	26
	TRP02
	On hillside above Tahltan lake
	N/A
	Good
	ICH 81
	
	burnt area's along top of ridge
	77
	180
	low

	138
	TRP28
	Just below rock bluffs on North forest service rd
	N/A
	Good
	SBSdk 81
	Cv
	not a major factor? Saw old spruce that had been cut and burned
	65
	142
	fairly good,

	139
	TRP29
	Bluffs above North FSR on slopes of Harry Davis Mtn
	N/A
	Good
	SBSdk 81
	Cv/Mv
	
	65
	150
	mid, no alien spp, but major encroachment

	136
	TRP30
	Just below North FSR, on Mt Harry Davis
	Good
	SBSdk 81
	Cv/R
	little fire evidence
	65
	160
	high, would be a good site to restore

	0
	TRP31
	Hubert Rd Juniper site (owned by Land Conservancy)
	Cv/Rs
	
	55
	212
	high, good public awareness site, large site, good to try diff approaches on

	0
	TRP32
	Tenas Hill- Kispiox Valley, take Swan lake Rd-big site 1
	N/A
	
	
	Cvx/R
	burnt-evidence of it, dead trees, burnt logs on ground, fire history (1st nations?)
	70
	220
	high


Appendix 2: Selected site photographs.
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	Aspen encroachment, Colleymount.
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	Aspen/grassland complex, Colleymount.
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	Aspen encroachment, hillside near Summitt Lake.
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	Stunted aspen, Cheslatta Lake.
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	Aspen/grassland complex, Dieleman grazing lease, Grouse Mountain.
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	Stunted aspen, Tenas Hill.
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	Aspen encroachment, Tenas Hill.
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	Aspen encroachment, above North FSR.
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	Grasslands along the North FSR.
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	Aspen encroachment at Malkow Lookout.
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	Aspen encroachment at Malkow Lookout.
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	Hillside above Telkwa Highroad, near Snake Road junction.
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	Aspen encroachment on Tenas Hill.
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	Grassland with aspen, above Zymoetz River.
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	Small grassland on hillside above Telkwa River.
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	Grassland above Dahlie Creek.
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