
Restoration of Ingrown Dry Forests 

 

 

 

Forest Science Program 
 2004/05 Annual Technical Report 

 
 

Understory Succession following Ecosystem Restoration of Ingrown Dry Forests 

FSP Project Number: Y051069 

Reg Newman, John Parminter and Sheryl Wurtz 
 

 

April 2005 



Restoration of Ingrown Dry Forests 
 

Abstract 
Restoration of ingrown stands of ponderosa pine (Pinus ponderosa) and interior Douglas-fir 
(Pseudotsuga menziesii var. glauca) was carried out using a prescription of partial cutting 
and slashing in 1999 and 2000.  Partial cutting consisted of thinning the forest canopy and 
removing intermediate layer trees.  Slashing consisted of cutting pre-commercial, 
intermediate layers to reduce the risk of crown fire during prescribed understory burns.  The 
ponderosa pine stand was subjected to a prescribed fire in April 2004.  The partial-cut 
treatment opened the canopy by 30% at the ponderosa pine site.  Three years later, 
pinegrass production had recovered at a greater rate than most bunchgrasses. Bunchgrass 
composition had declined in the plant community relative to pinegrass (Calamagrostis 
rubescens).  Total forage standing crop had not yet increased beyond pre-treatment levels.  
The partial-cut treatment opened the canopy by 27% at the interior Douglas-fir site. Five 
years later, pinegrass production doubled while bunchgrass remained unchanged. Total 
forage standing crop increased by about 40%, almost all due to pinegrass increase.  A key 
objective of dry-forest restoration is to increase the abundance of important forage species 
such as bluebunch wheatgrass (Pseudoroegneria spicata) and rough fescue (Festuca 
campestris), while reducing the abundance of their primary competitor, pinegrass.  It is 
clear that this objective has not yet been achieved at these two sites.  It may require more 
than 10 years to realize a shift toward greater composition of late-seral bunchgrass 
species. Selection of sites for restoration should be based on the greatest existing 
composition of bunchgrass if increases of bunchgrass are required in the short term.  The 
prescribed fire applied at the ponderosa pine site in 2004 resulted in a depression of forage 
standing crop and canopy cover for most of the important plant species after one growing 
season.  It is expected that forage standing crop and canopy cover response to the 
prescribed fire will peak over the next two years.  A second key objective of dry-forest 
restoration is to increase the abundance of important browse species for wildlife (e.g., 
saskatoon [Amelanchier alnifolia] and antelope-brush [Purshia tridentata]). Interim results of 
this study show that these shrubs have not benefited from the initial restoration treatment of 
partial cutting (~30% canopy removal). So far, all shrub species at both sites have lower 
canopy cover than before the partial-cut was applied. Prescribed fire at the ponderosa pine 
site reduced the cover of saskatoon and antelope-brush even further.  
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1 Introduction 
Dry forests of ponderosa pine (Pinus ponderosa) and interior Douglas-fir (Pseudotsuga 
menziesii var. glauca) occur along the valleys at low- to mid-elevations within the southern 
interior of British Columbia (BC).  Grassland and open forests occur throughout these 
zones and are thought to have developed as a result of frequent fire and a combination of 
edaphic and topographic conditions.  The understory in the open, drier areas is dominated 
by bluebunch wheatgrass (Pseudoroegneria spicata) and fescue species (Festuca spp.).  
Common shrubs are antelope-brush (Purshia tridentata) and saskatoon (Amelanchier 
alnifolia).  Shaded, cooler areas are dominated by pinegrass (Calamagrostis rubescens) 
(Hope et al. 1991a; 1991b). 
  
These forests provide a wide range of habitat niches for wildlife due to their diverse 
structure.  Dry forests also provide forage and browse for wildlife and livestock (Wikeem et 
al. 1993).  The dry forests of the southern interior of BC have been described as fire-
maintained ecosystems because they evolved with recurring disturbance by fire 
(Heinselman 1978).  Active fire suppression, however, has increased the return interval or 
eliminated fire altogether (Daigle 1996).  Fire suppression, overgrazing, and selective 
logging in these forests are believed to have caused forest encroachment on grasslands 
and ingrowth within open forests. It has been estimated that 1500 to 3000 ha of open forest 
and grassland are lost annually to ingrowth and encroachment in the East Kootenay region 
of BC (Gayton 1997). 
 
Ingrowth often results in the retrogression of understory plant communities, the loss of 
habitat for sensitive wildlife species, and an increased risk of catastrophic wildfires.  
Changes in forest structure within ingrown forests reduce forage availability for wildlife and 
livestock.  For example, a lack of light and increased competition from pinegrass may limit 
the abundance of important forage species such as bluebunch wheatgrass and rough 
fescue (Festuca campestris). Habitat value for grassland and open-forest dependent 
wildlife species such as Badger, Western Rattlesnake, Gopher Snake, and the Great Basin 
Spadefoot Toad is also diminished with ingrowth.   
 

Restoration of ingrown stands usually begins with a harvest pass to remove merchantable 
timber and reduce overstory stocking to between 76 and 400 stems per ha.  Slashing is 
used to eliminate excess intermediate layer trees that cannot be safely removed in a 
prescribed fire.  In the East Kootenay region of BC, restoration prescriptions are based on 
land use guidelines set by the Kootenay-Boundary Land Use Plan (Province of BC 1997).  
 
Land use plan targets have been established and ecosystem restoration of ingrown stands 
is occurring despite a general lack of knowledge regarding the ability to achieve all 
restoration objectives. The Rocky Mountain Trench contains approximately 250,000 ha of 
dry forests.  It is estimated that 135,000 ha will be treated by the year 2030 (Rocky 
Mountain Trench Ecosystem Restoration Steering Committee 2000).  Target plant 
communities have been well defined but an understanding of understory plant succession 
following different restoration treatments is required to achieve success.  The objective of 
this project is to document the changes in understory plant community following partial-
cutting and prescribed burning of two ingrown dry-forest stands. 
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2 Methods 

2.1 Study areas 
The study is located along the east slope of the southern Rocky Mountain Trench, 
within the Rocky Mountain Forest District in the East Kootenay region of BC.  The 
study falls within an area defined as the Skookumchuk-East ungulate wintering area 
(Simpson 1988, Jamieson and Hebert 1993).  Two sites were selected:   

1) The Sheep Creek North site is 50 km north of Cranbrook within the Sheep 
Creek North Range Unit. The Sheep Creek North site lies east of the 
Kootenay River and north and west of the Lussier River and is classified as 
IDFdm2 (Kootenay Dry Mild Interior Douglas-fir Variant). 
2) The Wolf Creek site is 32 km north of Cranbrook within the Wolf/Sheep Creek 
Range Unit (also known as Premier Ridge). The Wolf Creek site is situated north of 
Wolf Creek and east of the Kootenay River and is classified as PPdh2 (Kootenay 
Dry Hot Ponderosa Pine Variant). 
 

2.2 Treatments 
Harvest at Wolf Creek and Sheep Creek North 
Restoration of the two stands was carried out using a prescription of partial cutting and 
slashing in 1999 and 2000.  Partial cutting consisted of thinning the forest canopy and 
removing intermediate layer trees.  Slashing consisted of cutting pre-commercial, 
intermediate layers to reduce the risk of crown fire during prescribed understory burns.  
 
The IDFdm2 site (Sheep Creek North) was treated in June 1999 and the PPdh2 site (Wolf 
Creek) was treated during June-July 2000. The harvest pass removed an average of 68 
m3/ha of tree volume at Sheep Creek North leaving 59 m3/ha on site. Merchantable stem 
density decreased by 261 stems/ha, leaving 243 stems/ha on the site.  Understory light 
increased by 27% following harvest.  The harvest pass removed an average of 48 m3/ha of 
tree volume from the Wolf Creek site, leaving 27 m3/ha on the site.  Merchantable stem 
density decreased by 513 stems/ha, leaving 192 stems/ha on the site.  Understory light 
increased by 30% following harvest.   
 
Prescribed fire at Wolf Creek 
The entire research area at Wolf Creek was subjected to a prescribed fire in April 2004 
(Table 1).  The prescribed fire was a success in terms of achieving objectives of fuel 
management and reduction of regeneration.  The fire burned relatively consistently across 
the study area charring an average of 50% (±3.4%) of the ground surface.  At least 25% of 
the ground surface was burned on every macroplot.  Data on tree mortality are not yet 
available. Most trees were charred at the base to an average height of 2.2 m (0.6  - 4.5 m).   
The fire consumed 65% of the available coarse fuel on the site.  Fuel loads of coarse 
woody debris dropped from 14.1 m3/ha to 5.0 m3/ha following the prescribed fire (P= 0.03).  
Forest floor LFH was reduced by 33% as a result of the burn.  Average LFH depth dropped 
from 1.8 cm to 1.2 cm (P=0.03). 
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Table 1.  Conditions during a prescribed fire at Wolf Creek site in April 2004. 

 

Parameter Value 
Date April 22, 2004 
Area 587 ha 
Main light-up  2:15 PM 
Air Temperature  17oC 
RH  35% 
Wind  5 - 8 km  W/SW 
Grass cure 10 
Fine Fuel Moisture Code 90.8 
Duff Moisture Code 44 
Drought Code 399 
Initial Spread Index 7.8 
Buildup Index 69 
Fire Weather Index 22.0 
Changes during burn     
Air Temperature rose to  22oC   
RH decreased to  ~ 24% 
Winds changed to  0 - 5 S/SW upper winds (main body to SE) 
Finished main burn  6:00 PM 
 
 

2.3 Sampling 
Sampling for understory herbaceous cover, litter, exposed mineral soil, microbiotic crust, 
shrub cover, understory light, LFH depth, woody debris, and forage standing crop were 
completed prior to the partial-cut treatment.  All sampling occurred within macroplots 
consisting of 3 parallel 10-m long transects spaced 4 m apart.  Fourteen macroplots are 
sampled at the Sheep Creek North site, while 18 macroplots are sampled at the Wolf Creek 
site.  Timber cruise data using the same plot centres were used to quantify pre-treatment 
stand characteristics such as basal area, density and volume.  Plots were re-cruised 
following partial cutting to quantify changes in stand structure.  
 
Sampling for post-treatment understory herbaceous cover, litter, exposed mineral soil, 
microbiotic crust, shrub cover, understory light, LFH depth, woody debris, and forage 
standing crop were completed in 2000, 2001 and 2003.  An assessment of fuel load was 
conducted at Wolf Pasture using the line intercept method in 2003.   
 

Understory herbaceous cover, litter, exposed mineral soil, microbiotic crust, shrub cover, 
LFH depth, fuel load, and forage standing crop was resampled in 2004.  Detailed 
methodology for sampling that occurred in 2004 follows: 
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2.3.1 Understory herbaceous cover 
Understory herbaceous cover was determined using a modified Daubenmire canopy cover 
method (Daubenmire 1959).  The cover of each plant species was recorded by exact 
percentage not cover classes.  All herbaceous vascular plant species within the plot frame 
were identified to genus and species using the nomenclature of Douglas et al. (1999).  
Cover assessments were also recorded for the following categories: 

1. Litter (standing or fallen material from previous growing seasons); 
2. Exposed mineral soil; 
3. Microbiotic crust (including lichen, algal crust, bryophytes); 
4. Rocks (over 5 cm diameter only); 
5. Fecal material (cattle manure and wild ungulate pellets); 
6. Dead wood (woody material greater than 1-cm diameter, e.g., stumps, slash) 

and; 
7. Living wood (e.g., tree trunk or branch). 

Twenty Daubenmire quadrats were assessed at each macroplot during August 2004 at 
Wolf Creek (18 x 20 = 360 total quadrats) and Sheep Creek North (14 x 20 = 280 total 
quadrats). 
 

2.3.2 Shrub cover 
The canopy cover of shrubs and small trees (<1.5 m tall) were assessed in a 1 m X 2-m 
frame.  The cover of each shrub/small tree was recorded by exact percentage and 
identified to genus and species. Twenty shrub/small tree frames were assessed at each 
macroplot during August 2004 at Wolf Creek (18 x 20 = 360 total frames) and Sheep Creek 
North (14 x 20 = 280 total frames). 
  

2.3.3 Forage standing crop 
Standing herbaceous vegetation was clipped to ground level within 1 x 1 m plots and the 
litter (previous year's growth) was separated from current year’s growth.  The current year's 
clipped material was sorted into the following groups: 

1. bunchgrasses (Pseudoroegneria spicata, Festuca campestris, Festuca idahoensis, 
Achnatherum richardsonii, Koeleria macrantha, Hesperostipa comata); 

2. pinegrass (Calamagrostis rubescens); 
3. sedges (Carex spp. mostly Carex concinnoides); and  
4. forbs (a mix of 30 - 40 species each usually with less than 2% cover) (see 

Appendices 1 and 2 for a complete listing).   
Clipping was completed at peak standing crop in September 2004.  Shrubs and trees were 
not clipped.  Samples were air dried to minimize decomposition of the plant matter.  
Samples were oven-dried at 70oC to a constant weight, and weighed to the nearest 0.1 g.   
 
A total of 104 plots were clipped at the sites.  Fifty-two plots were clipped on macroplot 
areas protected from grazing using cages that were established during early May 2004 (28 
plots at Wolf Creek; 24 plots at Sheep Creek North).  An additional 52 plots were clipped on 
macroplot areas that were not protected from grazing (28 plots at Wolf Creek; 24 plots at 
Sheep Creek North).   
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2.3.4 Fuel load 
Fuel load was re-assessed at each macroplot using the line intercept method (Trowbridge 
et al. 1989).  Twenty meters of line intercept fuel load sampling were assessed at each 
macroplot at Sheep Creek North (14 x 20 = 280 m) and Wolf Creek (18 x 20 = 360 m). 
 

2.3.5 Bark char height 
The maximum height of stem blackening due to the prescribed fire was measured at each 
macroplot at Wolf Creek.  The closest three mature trees to the macroplot centre were 
selected for measurement.   Bark char height has been correlated with flame length and fire 
intensity by some (e.g., Alexander 1982, Beverly and Martell 2003), but will be used in this 
study as a direct measure of fire influence. 
 

2.3.6 Forest floor LFH depth 
Forest floor LFH was determined to the nearest 1 cm at 20 locations at each macroplot at 
Sheep Creek North (14 x 20 = 280) and Wolf Creek (18 x 20 = 360). 
 

2.3.7 Understory light 
Light penetration into the canopy (diffuse non-interceptance) is a direct measurement of the 
influence of the overstory canopy on understory conditions.  The amount of diffuse non-
interceptance light was recorded with two LI-COR LAI-2000 Plant Canopy Analyzers 
(Welles and Norman 1991). Measurements were taken at the height of a Daubenmire 
frame (25 cm). The ratio of diffuse non-interceptance light measured at the macroplot 
compared to the diffuse light measurement simultaneously taken at a point with an 
unobstructed sky view is a measure of light penetration into the canopy.  Twenty light 
measurements were taken at each macroplot (Wolf Creek: 18 x 20 = 360 total; Sheep 
Creek North: 14 x 20 = 280 total).  These positions correspond to the locations used to 
sample vegetation abundance. 
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3 Results 

3.1 Forage standing crop 

3.1.1 Wolf Creek (PPdh2) 
Understory vegetation production (measured as forage standing crop) initially decreased 
(P=0.003) following partial cutting, dropping to about half that of pre-harvest levels (Fig. 1). 
Most of the decrease was due to the loss of bunchgrass and forbs (Fig. 2).  In fact, the 
partial cutting treatment reduced bunchgrass production to about 30% of pre-treatment 
values.  Pinegrass production was not reduced to the same degree.  As a result, the plant 
community changed from bunchgrass/forb dominated to pinegrass dominated (Fig. 2).  
 
Following these initial declines, total forage standing crop recovered to pre-harvest levels 
within 2 years (P>0.05).  Pinegrass was the only forage component that increased beyond 
pre-harvest levels (Fig. 2).  By 3 years following the partial-cut, pinegrass had increased to 
168% of pre-treatment levels (P=0.10).  The increase of pinegrass came at the expense of 
sedge production.  Sedge production initially doubled but declined as pinegrass continued 
to increase (Fig. 2).   
 
An improved ratio of bunchgrass to pinegrass is a key target in ecosystem restoration in the 
East Kootenay.  The pre-treatment bunchgrass/pinegrass ratio at Wolf Creek was 1.6:1 
indicating that bunchgrass was relatively more abundant than pinegrass.  The ratio 
decreased to 0.9:1 by 3 years after treatment indicating that pinegrass became relatively 
more abundant than bunchgrass.  
 
The application of prescribed fire in April 2004 resulted in initial decreases of standing crop 
for most forage groups (Figs. 1 & 2).   Forage standing crop was reduced to 70% of pre-fire 
levels after one growing season.  
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Fig. 1.  Total forage standing crop (mean ± 1 SE) over time at Wolf Creek.   
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Figure 2.  Forage standing crop of forage groups over time at Wolf Creek.  Primary 

bunchgrasses in order of importance are: Achnatherum richardsonii, Festuca 
campestris, Koeleria macrantha, Festuca idahoensis, Pseudoroegneria spicata.  
Primary forbs in order of importance are: Astragalus miser, Agoseris glauca, 
Penstemon confertus, Solidago spathulata, Fragaria virginiana.  The primary sedge 
is Carex concinnoides.  Pinegrass is Calamagrostis rubescens. (1999 n=10; 2000 
n=17; 2001 - 2004 n=18) 
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3.1.2 Sheep Creek North (IDFdm2) 
Total forage standing crop at Sheep Creek North almost doubled in the years immediately 
following partial cutting of the overstory (Fig. 3).  Most of the forage increase came from 
pinegrass (Fig. 4) which had increased by 2.4 times when measured in 2003.   
Bunchgrasses and sedges did not respond to the partial-cut treatment. The ratio of 
bunchgrass to pinegrass was initially quite low (0.3:1) and has decreased to 0.1:1 by 5 
years after the partial-cut.   
 
Forb production initially increased then decreased.  Forbs initially formed the codominant or 
dominant forage group at Sheep Creek North, but became secondary to pinegrass by the 
fourth and fifth year following the partial cut (Fig 4).  
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Figure 3.  Total forage standing crop (mean ± 1 SE) over time at Sheep Creek North.   
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Figure 4.  Forage standing crop of forage groups over time at Sheep Creek North.  Primary 
bunchgrasses in order of importance are: Festuca campestris, Achnatherum 
richardsonii, Pseudoroegneria spicata, and Festuca idahoensis.  Primary forbs in 
order of importance are: Apocynum androsaemifolium, Aster foliaceus, Antennaria 
neglecta, Balsamorhiza sagittata, Achillea millefolium, and Fragaria virginiana.  The 
primary sedge is Carex concinnoides.  Pinegrass is Calamagrostis rubescens. (2001 
n=13; all others n=14) 
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3.2. Understory herbaceous cover 

3.2.1 Wolf Creek (PPdh2) 
The cover of kinnikinnik (Arctostaphylos uva-ursi), two bunchgrass species (rough fescue  
and spreading needlegrass [Achnatherum richardsonii]), pinegrass, and northwestern 
sedge (Carex concinnoides) initially decreased following partial cutting of the overstory and 
then rebounded after 3 years (Fig. 5).  Spreading needlegrass was the only plant to exceed 
pre-treatment cover values in 2003, increasing by 75% compared to pre-treatment levels.   
 
The prescribed fire that was applied in the spring of 2004 generally reduced the cover of 
many plant species after one growing season (Figs. 5 & 6).   Kinnikinnick was affected 
more by the spring fire (77% reduction) than pinegrass (54% reduction), to the point that 
pinegrass replaced kinnikinnik as the dominant species (Figs. 5 & 6). 
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Figure 5.  Cover of important plant species at Wolf Creek over time.   ACRI=Achnatherum 
richardsonii; FECA=Festuca campestris; CARU=Calamagrostis rubescens; 
ARUV=Arctostaphylos uva-ursi; CACO=Carex concinnoides. 
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Figure 6.  Response of important plant species at Wolf Creek to a spring 2004 prescribed 

fire. ARUV=Arctostaphylos uva-ursi; CARU=Calamagrostis rubescens; 
CACO=Carex concinnoides; ACRI=Achnatherum richardsonii; FECA=Festuca 
campestris; KOMA=Koeleria macrantha; FRVI= Fragaria virginiana. 

 
 
Three bunchgrass species (spreading needlegrass, rough fescue, and junegrass [Koeleria 
macrantha] were reduced by the prescribed fire.  Wild strawberry (Fragaria virginiana), a 
colonizing species, and timber milkvetch (Astragalus miser), a seedbanking legume, both 
increased following the fire. 
 

3.2.2 Sheep Creek North (IDFdm2) 
Pinegrass, the dominant plant species at the site, showed little response to the partial 
cutting treatment until the fourth year following treatment (Fig. 7), at which time it almost 
doubled in cover.  This increase was short-lived as pinegrass decreased to pre-treatment 
levels in the following year.  A similar trend was noted for pinegrass forage standing crop 
(Fig. 4).  Kinnikinnick and birch-leaved spirea (Spiraea betulifolia) initially decreased slightly 
and then rebounded to pre-treatment levels after four years.  Similar to pinegrass, these 
two species then decreased in year 5 (Fig. 7). 
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Figure 7.  Cover of important plant species at Sheep Creek North over time. FECA=Festuca 
campestris; CARU=Calamagrostis rubescens; SPBE=Spiraea betulifolia; 
ARUV=Arctostaphylos uva-ursi; CACO=Carex concinnoides. 

 

 

3.3 Understory shrub/small tree cover 

3.3.1 Wolf Creek (PPdh2) 
Shrubs and small trees were not abundant at Wolf Creek before the restoration treatments 
were applied.  Saskatoon occurred at 4.3% cover before site treatments but decreased to 
almost one-third of that value following the partial-cut and prescribed fire (Fig. 8).  Similarly, 
antelope-brush was reduced to a tenth of pre-treatment cover values.   
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Figure 8.  Canopy cover of important shrubs/small trees over time (1999 - 2004) at Wolf 

Creek. ROGY=Rosa gymnocarpa; PSME=Pseudotsuga menziesii; PUTR=Purshia 
tridentata; AMAL=Amelanchier alnifolia. 

 

3.3.2 Sheep Creek North (IDFdm2) 
Shrubs and small trees showed similar general decreases in cover at Sheep Creek North.  
For example, saskatoon decreased from 2.7% before treatment to 1.3% by 5 years after 
the partial-cut (Fig 9).   The most abundant shrub, birch-leaved spirea, also decreased to 
half of the pre-treatment cover value. 
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Figure 9.  Canopy cover of important shrubs/small trees over time (1999 - 2004) at Sheep 
Creek North. PSME=Pseudotsuga menziesii; AMAL=Amelanchier alnifolia; 
SPBE=Spiraea betulifolia; SHCA=Shepherdia canadensis. 

 

3.4 Relationships among plant species responses and stand treatments 

3.4.1 Wolf Creek (PPdh2) 
Linear and curvilinear regressions were examined among plant species abundance and 
changes in overstory basal area, overstory volume, overstory density, and understory light. 
It is notable that there were no significant relationships found among pinegrass or 
bunchgrass abundance and the partial-cut treatments applied to the site (P>0.1).  There 
were a few significant negative relationships (P<0.1) found with minor plant species such as 
yarrow (Achillea millefolium) and yellow penstemon (Penstemon confertus).  Greater 
degrees of partial cutting resulted in greater reduction in the abundance of these two 
species. 
Linear and curvilinear regressions were also examined among plant species abundance 
and measures of prescribed fire influence such as bark char height, volume of fuel 
consumed, percent of ground surface blackened, and LFH consumed.  Yellow penstemon 
was found to be sensitive to bark char height (sometimes used as a surrogate for fire 
intensity) (Table 2).  In fact, yellow penstemon was completely eliminated when bark char 
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height was greater than 2.5 m.  Northwestern sedge is a common, but never abundant 
plant at Wolf Creek.  This sedge decreased in relation to fuel volume consumed during the 
prescribed fire (indicating a more intense and longer duration burn)  (Table 2).   Junegrass 
and tufted phlox (Phlox caespitosa) decreased in relation to the amount of pre-fire fuel 
available on the site (Table 2). 
 

Table 2.  Relationship of prescribed fire influence and subsequent understory changes at 
Wolf Creek.  Only regressions with P<0.1 are reported. 
 

Independent 
Variable 

Dependent Variable r2 Value Pr.>F n Regression Equation 

Bark char height Yellow penstemon cover 0.51 0.002 18 y=-1.074Ln(x) + 1.5829 
Fuel consumed Northwestern sedge cover 0.18 0.07 18 y=-0.0326x +3.1682 
Fuel loading Junegrass cover 0.35 0.05 18 y=-0.591Ln(x)+2.1042 
Fuel loading Tufted phlox cover 0.56 0.05 7 y=-0.332Ln(x) + 0.928 

  

3.4.2 Sheep Creek North (IDFdm2) 
Linear and curvilinear regressions were examined among plant species abundance and 
changes in overstory basal area, overstory volume, overstory density, and understory light. 
Pinegrass cover was found to increase in relation to the change in understory light (Table 
3).  Greater amounts of pinegrass occurred on plots where the partial cutting treatment had 
removed more overstory canopy (Fig. 10).   Significant changes in pinegrass cover did not 
occur until the canopy was opened by 35% or more.  Northwestern sedge never exceeded 
2% cover at Sheep Creek North over the 5 years of measurement (Fig. 5).  However, 
changes in northwestern sedge cover were found to be highly positively related to changes 
in understory light (Table 3, Fig. 11).   As with pinegrass, significant changes in 
northwestern sedge cover did not occur until the overstory canopy was opened by at least 
35%. 
 
 
Table 3.  Relationship of changes in understory light to subsequent understory changes at 
Sheep Creek North.  Only regressions with P<0.1 are reported. 
 

Independent 
Variable 

Dependent Variable r2 
Value

Pr.>F n Regression Equation 

Δ Understory light Δ pinegrass cover 0.4 0.076 13 y=73.35x2 - 16.34x + 8.60 

Δ Understory light Δ northwestern sedge cover 0.89 0.0004 10 y=23.18x2 - 14.91x + 2.98 
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Figure 10.  Change in canopy cover of pinegrass in relation to the change in understory 

light following partial cutting at Sheep Creek North. 
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Figure 11. Change in canopy cover of northwestern sedge in relation to change in 

understory light following partial cutting at Sheep Creek North. 
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4 Discussion 
One of the key objectives of dry-forest restoration is to increase the abundance of important 
forage species such as bluebunch wheatgrass and rough fescue, while reducing the 
abundance of their primary competitor, pinegrass.  It is clear that this objective has not yet 
been achieved at these two sites.  A partial-cut treatment was used to open the canopy by 
30% at a PPdh2 site near Wasa Lake.  Three years later, pinegrass had recovered at a 
greater rate than most bunchgrasses.  Bunchgrass composition had declined in the plant 
community relative to pinegrass.  Total forage standing crop had not yet increased beyond 
pre-treatment levels.  A similar partial-cut treatment was used to open the canopy by 27% 
at an IDFdm2 site near Skookumchuk.  Five years later, pinegrass production doubled 
while bunchgrass remained unchanged.  Total forage standing crop increased by about 
40%; almost all due to pinegrass increase. 
 
Pinegrass occurs on shaded, cooler areas within the dry forests while bunchgrasses occur 
on the open, drier areas.  Therefore, it is expected that pinegrass will eventually succumb 
to bunchgrasses in the post-restoration light/moisture regime, at least on the drier sites.  An 
important factor in early successional dynamics is that pinegrass can expand vegetatively 
by rhizomes while bunchgrasses must rely on sexual reproduction, which tends to be 
sporadic in a semi-arid environment.  
 
It is unlikely that the plant communities at these sites will rapidly change the present trend 
of increasing or maintaining pinegrass.  It may require more than 10 years to realize a shift 
toward greater composition of late-seral bunchgrass species.  Selection of sites for 
restoration should be based on the greatest existing composition of bunchgrass if increases 
of bunchgrass are required in the short term.   
 
Prescribed fire was applied at the PPdh2 site in 2004.  Very early results (one growing 
season) indicate a depression of forage standing crop and canopy cover for most important 
plant species at the site.  Fire-induced mortality of perennial grass plants was low.  It is 
expected that forage standing crop and canopy cover response to the prescribed fire will 
peak in the next two years.  Ross (2001) reported that a prescribed burning treatment in a 
similar plant community within the PPdh2 required two years for significant increases in 
forage production to emerge. 
 
A second key objective of dry-forest restoration is to increase the abundance of important 
browse species for wildlife (e.g., saskatoon and antelope-brush).   Interim results of this 
study show that these shrubs have not benefited from the initial restoration treatment of 
partial cutting (~30% canopy removal).  So far, all shrub species at both sites have lower 
canopy cover than before the partial-cut was applied.  Prescribed fire at Wolf Creek 
reduced the cover of saskatoon and antelope-brush even further.  Recovery of antelope-
brush following fire may require 15 - 30 years (e.g., Barrington et al. 1988).  Increases of 
saskatoon may require 10 years, especially if under browsing pressure by wildlife (Arno et 
al. 1995). 
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Appendix 1. List of vascular plants at Wolf Creek in 2004. 
 

Scientific Name Common Name Family 
 

Grasses and sedges 
Achnatherum richardsonii spreading needlegrass Poaceae 
Calamagrostis rubescens pinegrass Poaceae 
Carex concinnoides northwestern sedge Cyperaceae 
Elymus repens quackgrass Poaceae 
Festuca campestris rough fescue Poaceae 
Festuca idahoensis Idaho fescue Poaceae 
Koeleria macrantha junegrass Poaceae 
Poa compressa Canada bluegrass Poaceae 
Pseudoroegneria spicata bluebunch wheatgrass Poaceae 
Pseudotsuga menziesii Douglas-fir Pinaceae 

 
Forbs 
Achillea millefolium yarrow Asteraceae 
Agoseris glauca short-beaked agoseris Asteraceae 
Allium cernuum nodding onion Liliaceae 
Anemone multifida cut-leaved anemone Ranunculaceae 
Antennaria neglecta field pussytoes Asteraceae 
Antennaria racemosa racemose pussytoes Asteraceae 
Antennaria umbrinella umber pussytoes Asteraceae 
Arabis holboellii Holboell's rockcress Brassicaceae 
Aster foliaceus leafy aster Asteraceae 
Astragalus miser timber milk-vetch Fabaceae 
Balsamorhiza sagittata arrowleaf balsamroot Asteraceae 
Camelina microcarpa littlepod flax Brassicaceae 
Campanula rotundifolia common harebell Campanulaceae 
Collinsia parviflora small-flowered blue-eyed Mary Scrophulariaceae 
Crepis atribarba slender hawksbeard Asteraceae 
Epilobium angustifolium fireweed Onagraceae 
Epilobium brachycarpum tall annual willowherb Onagraceae 
Fragaria virginiana wild strawberry Rosaceae 
Gaillardia aristata brown-eyed Susan Asteraceae 
Hedysarum sulphurescens yellow hedysarum Fabaceae 
Heterotheca villosa golden-aster Asteraceae 
Heuchera cylindrica round-leaved alumroot Saxifragaceae 
Hieracium scouleri Scouler's hawkweed Asteraceae 
Lithospermum ruderale lemonweed Boraginaceae 
Lomatium triternatum nine-leaved desert-parsley Apiaceae 
Medicago lupulina black medic Fabaceae 
Oxytropis sericea silky locoweed Fabaceae 
Penstemon confertus yellow penstemon Scrophulariaceae 
Phlox caespitosa tufted phlox Polemoniaceae 
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Appendix 1 (continued). List of vascular plants at Wolf Creek in 2004. 
 
Solidago spathulata spikelike goldenrod Asteraceae 
Taraxacum officinale common dandelion Asteraceae 
Viola adunca early blue violet Violaceae 
Viola canadensis Canada violet Violaceae 

 
Shrubs and trees 
Amelanchier alnifolia saskatoon Rosaceae 
Arctostaphylos uva-ursi kinnikinnick Ericaceae 
Pinus contorta lodgepole pine Pinaceae 
Purshia tridentata antelope-brush Rosaceae 
Rosa gymnocarpa baldhip rose Rosaceae 
Symphoricarpos occidentalis western snowberry Caprifoliaceae 
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Appendix 2. List of vascular plants at Sheep Creek North in 2004. 
 

Scientific Name Common Name Family 
 

Grasses and sedges 
Achnatherum occidentale stiff needlegrass Poaceae 
Achnatherum richardsonii spreading needlegrass Poaceae 
Calamagrostis rubescens pinegrass Poaceae 
Carex concinna low northern sedge Cyperaceae 
Carex concinnoides northwestern sedge Cyperaceae 
Elymus repens quackgrass Poaceae 
Festuca campestris rough fescue Poaceae 
Festuca idahoensis Idaho fescue Poaceae 
Koeleria macrantha junegrass Poaceae 
Poa compressa Canada bluegrass Poaceae 
Pseudoroegneria spicata bluebunch wheatgrass Poaceae 

 
Forbs 
Achillea millefolium yarrow Asteraceae 
Agoseris glauca short-beaked agoseris Asteraceae 
Allium cernuum nodding onion Liliaceae 
Anemone multifida cut-leaved anemone Ranunculaceae 
Antennaria microphylla white pussytoes Asteraceae 
Antennaria neglecta field pussytoes Asteraceae 
Apocynum androsaemifolium spreading dogbane Apocynaceae 
Arabis holboellii Holboell's rockcress Brassicaceae 
Arnica cordifolia heart-leaved arnica Asteraceae 
Aster conspicuus showy aster Asteraceae 
Aster foliaceus leafy aster Asteraceae 
Astragalus miser timber milk-vetch Fabaceae 
Balsamorhiza sagittata arrowleaf balsamroot Asteraceae 
Calochortus apiculatus three-spot mariposa lily Liliaceae 
Calochortus macrocarpus sagebrush mariposa lily Liliaceae 
Campanula rotundifolia common harebell Campanulaceae 
Cirsium arvense Canada thistle Asteraceae 
Cirsium vulgare bull thistle Asteraceae 
Collinsia parviflora small-flowered blue-eyed Mary Scrophulariaceae 
Crepis atribarba slender hawksbeard Asteraceae 
Fragaria virginiana wild strawberry Rosaceae 
Fritillaria pudica yellow bell Liliaceae 
Gentianella amarella northern gentian Gentianaceae 
Hedysarum sulphurescens yellow hedysarum Fabaceae 
Hieracium albiflorum white hawkweed Asteraceae 
Hieracium scouleri Scouler's hawkweed Asteraceae 
Hieracium umbellatum narrow-leaved hawkweed Asteraceae 
Lithospermum ruderale lemonweed Boraginaceae 
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Appendix 2 (continued). List of vascular plants at Sheep Creek North in 2004. 
 
Lomatium triternatum nine-leaved desert-parsley Apiaceae 
Medicago lupulina black medic Fabaceae 
Penstemon confertus yellow penstemon Scrophulariaceae 
Phlox caespitosa tufted phlox Polemoniaceae 
Silene noctiflora night-flowering catchfly Caryophyllaceae 
Solidago spathulata spikelike goldenrod Asteraceae 
Stellaria nitens shining starwort Caryophyllaceae 
Taraxacum officinale common dandelion Asteraceae 
Tragopogon dubius yellow salsify Asteraceae 
Viola adunca early blue violet Violaceae 
Viola canadensis Canada violet Violaceae 
Zigadenus elegans mountain death-camas Liliaceae 

 
Shrubs and trees 
Amelanchier alnifolia saskatoon Rosaceae 
Arctostaphylos uva-ursi kinnikinnick Ericaceae 
Pseudotsuga menziesii Douglas-fir Pinaceae 
Purshia tridentata antelope-brush Rosaceae 
Rosa gymnocarpa baldhip rose Rosaceae 
Shepherdia canadensis soopolallie Elaeagnaceae 
Spiraea betulifolia birch-leaved spirea Rosaceae 
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Appendix 3. Rare plants of ingrown dry-forest sites. 
 
1 Introduction 
Rare plant surveys were conducted on May 23, 2004 and September 15, 2004 (following a 
period of above average rainfall) at the Wolf Creek and Sheep Creek North sites. The 
primary objective of the surveys was to locate and quantify plant populations that are 
provincially listed as threatened (red) or "at risk" (blue) by the Conservation Data Centre 
(CDC 2004). Initially, the focus of the survey effort was within the treated areas; however, 
the survey area was later expanded to include a 1-km buffer.  
 
2 Methods 
Red- and blue-listed plant species known to occur in the region and within similar 
vegetation zones were determined by examining information contained in the Conservation 
Data Centre database (CDC 2004), and the Rare Native Vascular Plants of British 
Columbia (Province of BC 1998).  The following vegetation zones were considered similar 
to the study site: 

1. BG 
2. PP 
3. IDF 
4. lowland 
5. steppe 
6. lower montane 
7. montane. 

 
Surveys were then conducted to locate and quantify the identified plants within the study 
area.  The survey was expanded to include a 1-km area outside of the study area. 
 
Surveys were conducted using two methods. Method 1 consisted of surveying the 
pathways between macroplots.  Method 2 consisted of searching for habitats in which the 
species of concern were likely to occur (e.g., wetlands, rock faces, grasslands), then 
inspecting all plant species in the habitats. Particular attention was given to areas of 
suitable habitat as determined by the literature review.   
 
Surveys were conducted in May and September.  When rare species were located, their 
occurrence was mapped and later transferred to ArcMap GIS.  Habitat and demographic 
information was also recorded.  
 
Results 
A total of 89 red- and blue-listed species were identified as possibly occurring within the two 
study areas (Table 1).  Six species of concern were previously documented at locations 
very close to the study areas.  None of these species were found in the 2004 surveys.  A 
new occurrence of Arnica chammisonis ssp. incana was recorded near the Sheep Creek 
North Site at 115o 44' 22.36" W  49 o 59' 3.74" N. 
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Table 1. Red- and blue-listed species that possibly occur within the two study areas. 
 
Scientific Name Zone Habitat BC 

Status 
Survey 
Status 

Adiantum capillus-veneris IDF wet rock cliffs RED NA 
Allium validum BG, PP moist meadows RED NA 
Apocynum x floribundum BG, IDF dry sites BLUE NA 
Arabidopsis salsuginea montane dry saline lakes and meadows RED NA 
Arnica chamissonis ssp. incana IDF mesic to wet meadows BLUE new record 

at Sheep Cr
Artemisia ludoviciana var. incompta steppe mesic BLUE NA 
Aster ascendens IDF dry sites BLUE NA 
Astragalus crassicarpus IDF dry sites RED NA 
Astragalus drummondii IDF dry, open slopes RED NA 
Astragalus filipes BG, IDF, PP dry sites BLUE NA 
Astragalus microcystis steppe dry sites RED NA 
Atriplex argentea ssp. argentea BG, IDF, PP saline or disturbed RED NA 
Botrychium simplex lowland vernal pools, ephemeral 

drainages 
BLUE NA 

Bouteloua gracilis BG, IDF dry sites RED NA 
Calamagrostis montanensis IDF dry sites RED NA 
Carex geyeri montane rocky outcrops BLUE prev record 

near Wolf 
Creek 

Carex lenticularis var. lenticularis lowland wet meadows, sandy beaches 
and marsh edges 

RED NA 

Carex rostrata montane peat bogs BLUE NA 
Carex scoparia lowland moist to wet sites BLUE NA 
Carex sychnocephala BG, IDF, PP shorelines and wet to moist 

meadows 
BLUE NA 

Carex xerantica BG, IDF dry slopes and open forest RED NA 
Castilleja cusickii montane mesic meadows RED NA 
Castilleja minor ssp. minor BG, IDF alkaline marshes and meadows RED NA 

Cheilanthes gracillima IDF dry rocks and rock crevices BLUE NA 
Cirsium scariosum IDF dry, open forest BLUE NA 
Cryptantha ambigua BG, IDF, PP dry sites RED NA 
Delphinium bicolor ssp. bicolor BG, IDF dry sites BLUE NA 
Delphinium sutherlandii montane mesic to dry shrublands and 

open forests 
BLUE NA 

Eleocharis rostellata IDF salt marshes, hot springs, 
alkaline or saline ponds 

BLUE NA 
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Table 1 (continued).  Red- and blue-listed species that possibly occur within the two study 
areas. 
 
Elodea nuttallii BG lakes, ponds, streams BLUE NA 
Epilobium pygmaeum steppe vernally moist sites RED NA 
Epipactis gigantea BG, IDF, PP moist streambanks, marshes and 

swamps and especially around 
hot springs 

BLUE NA 

Gaura coccinea BG, IDF, PP dry slopes RED NA 
Gayophytum humile IDF dry, sandy open sites BLUE NA 
Gayophytum racemosum montane dry grasslands and open forests RED NA 

Gayophytum ramosissimum BG, IDF, PP dry, open sites RED NA 
Gentiana affinis IDF, PP moist, often saline sites BLUE NA 
Glyceria pulchella BG, IDF streamsides, marshes, 

lakeshores and ponds 
BLUE NA 

Glycyrrhiza lepidota IDF, PP moist to wet fields and 
streambanks 

RED prev record 
near Wolf 
Creek 

Hedeoma hispida IDF dry sites RED NA 
Helenium autumnale var. 
grandiflorum 

BG moist to mesic sites BLUE prev record 
near Wolf 
Creek 

Helianthus nuttallii var. nuttallii IDF wet to moist sites RED NA 
Heterocodon rariflorum PP moist sites BLUE NA 
Hypericum scouleri ssp. nortoniae steppe moist sites BLUE NA 
Impatiens ecalcarata IDF moist forest BLUE NA 
Isoetes howellii BG, IDF lake margins exposed in summer RED NA 

Juncus confusus steppe moist meadows and forest 
openings 

RED NA 

Juncus regelii BG, IDF wet streambanks and marshes BLUE NA 
Lathyrus bijugatus IDF dry sites RED NA 
Lepidium densiflorum var. 
pubicarpum 

BG, IDF dry, open sites RED NA 

Linanthus septentrionalis BG, IDF, PP dry slopes and forest openings BLUE NA 
Lomatium triternatum ssp. 
platycarpum 

steppe, 
montane 

dry open slopes and grasslands RED NA 

Lupinus arbustus ssp. neolaxiflorus IDF dry sites RED NA 
Lupinus arbustus ssp. 
pseudoparviflorus 

IDF moist sites RED NA 

Lupinus bingenensis var. 
subsaccatus 

steppe, lower 
montane 

dry sagebrush flats and forest 
openings 

RED NA 

Megalodonta beckii var. beckii IDF lakeshores BLUE NA 
Melica bulbosa var. bulbosa IDF, PP mesic to dry slopes RED NA 
Melica spectabilis IDF wet to dry meadows and open 

forest 
BLUE NA 

Mimulus breviflorus IDF moist to mesic open areas RED NA 
Muhlenbergia andina IDF wet to moist canyons, 

streambanks, meadows, and hot 
springs (in tufa) 

RED NA 

Muhlenbergia filiformis montane wet to moist meadows, seeps, 
and streambanks 

RED NA 
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Table 1 (continued).  Red- and blue-listed species that possibly occur within the two study 
areas. 
 
Muhlenbergia glomerata BG, IDF wet to moist meadows, 

streambanks, bogs, irrigation 
ditches, lake margins, and hot 
springs 

BLUE NA 

Orobanche corymbosa ssp. 
mutabilis 

BG, IDF, PP parasitic, mainly on Artemisia on 
dry sites 

RED prev record 
near Wolf 
Creek 

Orobanche ludoviciana ssp. 
ludoviciana 

montane parasitic on Asteraceae 
(especially Artemisia) and others; 
grasslands, shrublands and open 
forests 

RED NA 

Pellaea gastonyi montane dry calcareous cliffs RED NA 
Penstemon nitidus var. nitidus IDF dry slopes and roadside banks RED NA 
Physaria didymocarpa var. 
didymocarpa 

BG, IDF dry sites BLUE NA 

Plantago eriopoda IDF wet to moist alkaline meadows 
and salt marshes 

RED NA 

Polygonum douglasii ssp. austiniae lower montane dry sites BLUE NA 

Polygonum douglasii ssp. 
engelmannii 

steppe, 
montane 

moist to dry grasslands, 
shrublands, rocky slopes and 
forest openings 

BLUE NA 

Potamogeton strictifolius IDF lakes BLUE NA 
Potentilla nivea var. pentaphylla BG dry to mesic open grassy slopes, 

meadows, tundra, rock outcrops 
and sandy or gravelly benches 

BLUE NA 

Salix boothii IDF streamsides and meadows BLUE NA 
Schizachyrium scoparium IDF dry sites RED NA 
Scirpus pallidus IDF swamps and wet meadows RED NA 
Scolochloa festucacea BG, IDF, PP ponds, marshes, lakeshores and 

streamsides 
RED prev record 

near Sheep 
Creek 

Scutellaria angustifolia IDF, PP dry, rocky areas BLUE prev record 
near Wolf 
Creek 

Senecio hydrophiloides IDF wet to moist meadows and forest 
openings 

RED NA 

Shepherdia argentea BG, PP banks of streams and open 
wooded areas, often on 
limestone and on sandy soils 

RED NA 

Silene drummondii var. drummondii BG, IDF dry sites BLUE NA 
Silene spaldingii PP dry sites RED NA 
Sphaeralcea coccinea BG, IDF dry sites RED NA 
Sphenopholis intermedia steppe moist meadows and 

streambanks, shallow ponds and 
hot springs 

RED NA 

Sphenopholis obtusata IDF, PP moist meadows, streambanks, 
shallow ponds and hot springs 

RED NA 
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Table 1 (continued). Red- and blue-listed species that possibly occur within the two study 
areas. 
Stellaria obtusa IDF wet to moist sites BLUE NA 
Stuckenia vaginata montane lakes BLUE NA 
Thermopsis rhombifolia IDF mesic sites RED NA 
Townsendia hookeri IDF dry meadows RED NA 
Valeriana edulis ssp. edulis IDF moist (sometimes saline) 

meadows 
RED NA 

Veronica catenata IDF wet ditches and slow-moving 
streams 

RED NA 
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