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Abstract 
Land-use conflicts arise in aspen (Populus tremuloides Michx.) stands of the Peace River area, 

because these areas are important for both timber and forage production.  Disagreements 

regarding cattle grazing on cutblocks concern the possibility of increased tree damage (browsing 

and trampling), decreased plant species diversity and reduction of soil quality, particularly 

increased compaction. The objective of our study was to determine the effects of harvesting and 

long-term cattle grazing on aspen cutblocks. 

This study focused on plant species diversity, soil quality, stem density and forage production in 

the Peace River region of British Columbia (BC). Research was carried out on a long-term 

study-site established 5 km south of Dawson Creek, BC. Sample collection and vegetation 

assessments occurred during the summer of 2001 and 2002. All data were analyzed as split-plot 

randomized complete block design, with three replications and four transects per plot. 

Summer and winter logging significantly increased aspen and total stem density relative to 

unlogged blocks, whereas ten years of cattle grazing had no significant impact on stem density.  

Increases in stem density did not significantly affect forage production, although the 

combination of ungrazed, winter-logged blocks resulted in significantly higher production values 

than did any other treatment combination.  Logging effects on plant diversity could not be 

assessed due to temporal variation (i.e. data was collected at different times).  Ten years of 

summer grazing, within summer-logged blocks, resulted in the increase of several forb and shrub 

species and a general increase in species richness in grazed blocks.  Grazing resulted in the 

decline of two forb and two shrub species, an indication that these species were preferred by 

cattle in these blocks.  Aspen density and plant species diversity was not adversely affected by 

grazing and forage production was not affected by logging activities, indicating there is no land-

use conflict on these blocks. 

 

Keywords: Cattle grazing, species diversity, logging, aspen. 

 
APRIL 2003 PAGE i 

 

 



 

 

Acknowledgements 
Fieldwork and other support for this project was conducted by Hillary Page, Michelle Prosser, 

Korey Green, Craig Demaere and Bruce Roddan.  We would like to thank the following 

individuals for their assistance with this project: Victoria Page, Mike McConnell and Win Hays-

Byl. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Front Cover Photos (project site) 

a. Clear cut and regenerating aspen forest 

b. Aspen forest 

c. Cattle grazing in aspen forest pastures 
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1. INTRODUCTION 

Mature aspen (Populus tremuloides Michx.) stands in the Boreal White and Black Spruce 

(BWBS) biogeoclimatic zone in the Peace River of British Columbia (BC) and Alberta area are 

commonly grazed by cattle.  As much as 50% of the range resources in the Peace River area 

occur in seral aspen communities (Wikeem and Wikeem 1998).  Integration of cattle production 

on aspen cutblocks has caused conflict between foresters and ranchers, especially during the 

early regeneration phases of the aspen rotation. 

Usually, regeneration of aspen occurs following disturbances such as fire and logging.  

Regeneration occurs mostly through root suckering.  Root suckers are produced after disruption 

of apical dominance (Farmer 1962), and increased soil temperature (Maine and Horton 1966) 

created by the removal of the overstory (DesRochers and Lieffers 2001).  After establishment, 

aspen can exist on the landscape for 30 to 70 years, until the species is eventually replaced by 

conifers such as white spruce (Picea engelmannii Parry ex Engelm. × Picea glauca [Moench] 

Voss), black spruce (Picea mariana (P. Mill.) B.S.P.), lodgepole pine (Pinus contorta Dougl. ex 

Loud. var. latifolia Engelm.), and Douglas-fir (Pseudotsuga menziesii (Mirbel) Franco).   

Land-use conflict arises for both cattle producers and foresters for a number of reasons.  It is 

believed that mature aspen stands may have a much higher range value than early regeneration 

stands created by clear-cutting.  This is because forage production tends to increase during the 

early regeneration phase of clear-cuts, however, dense stands of root suckers can restrict cattle 

access to forage and limit the proper distribution of animals. Conditions of reduced access to 

forage can prevail for 10 to 15 years when the stand naturally thins as it matures if no remedial 

action (e.g. mechanical or chemical thinning) is taken to reduce sucker density.  Forestry related 

conflicts regarding cattle grazing on harvested blocks arise because of possible tree damage 

(through browsing and trampling), decreased plant species diversity and reduced soil quality, 

particularly related to increased soil compaction (Peterson and Peterson 1995). 

The forest industry has expressed an interest to obtain assessments of the long-term impact 

of forest grazing to develop sustainable integrated cattle/silviculture systems.  This consideration 

is important in the Interior and the Peace River forest regions of BC where forest grazing largely 
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occurs on seral aspen stands.  Limited number of long-term studies of forest grazing in cutblocks 

has been completed in BC.  Krzic et al. (2001) studied the effect of harvesting and cattle grazing 

on changes in the soil quality of lodgepole pine cutblocks within the Kamloops and Merritt 

Forest Districts.  A similar forest grazing study was initiated by Hays-Byl (1994) near Dawson 

Creek, BC with the emphasis on aspen growth and forage production. 

The objective of this study was to determine the effects of harvesting and long-term cattle 

grazing on plant species diversity, herbaceous plant cover, forage production, and aspen density 

in aspen cutblocks of the Peace River region of BC. This study tested the following hypotheses:  

 

a. plant species diversity and abundance of certain plants are reduced on grazed  relative to  

ungrazed cutblocks,  

b. forage production is reduced on harvested and grazed cutblocks relative to production of 

ungrazed cutblocks and undisturbed aspen forest, and  

c. tree stem density is lower on harvested and grazed cutblocks relative to ungrazed cutblocks 

and undisturbed aspen forest. 

2. MATERIALS AND METHODS 

2.1. Study sites 

The study was replicated at three sites that had already been established for a long-term study 

(Hays-Byl 1994) located within the Bissette Creek drainage (about 5 km south of Dawson 

Creek) in the Black and White Boreal Spruce biogeoclimatic zone (Fig. 1).  

 

 
APRIL 2003 

 

 

Forestry-range interaction research
  

PAGE 2 



 

 

 

 

Figure 1.  Location of study sites within Bisette Creek drainage, Dawson Creek, BC.  
Scale=1:2,000. 

 

The forest overstory of the three sites is dominated by trembling aspen.  Soils are generally 

clay to clay loam Orthic Gray Luvisols developed over morainal deposits.  These soils 

characteristically develop under forest vegetation in sub-humid to humid, mild to cold climates 

(Soil Classification Working Group 1998).  The relatively impermeable underlying morainal 

deposits at the research site produce a perched water-table during periods of heavy precipitation 

or snowmelt.   

On each of three sites, pure stands of mature aspen were harvested using feller-bunchers, 

grapple skidders, wood processors, wheel loaders and crawl tractors.  The designated summer-

harvesting portion of the site was logged in the summer of 1989.  
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In the spring of 1990, two grazing treatments (grazed and ungrazed), of approximately 5 ha 

each, were established at each site following aspen harvesting.  Grazing commenced on June 1st, 

1991, and on the same day in each successive year up to and including 1995.  Fourteen heifers 

and one bull (or 15 heifers and no bull) were used to achieve 75% use of available forage 

(approximately 2-6 weeks depending on vegetation growth and animal condition) (Hays-Byl, 

Sustainable Resource Management, BC Ministry of Forests, per. comm. 2003). The grazing 

treatments were cross-fenced (grazed and ungrazed) into three harvesting units that correspond 

with the harvesting treatments areas (unlogged, summer-logged and winter-logged). 

Vegetation sampling occurred during August 2002, only summer-logged blocks were 

sampled for species composition and diversity (winter-logged and unlogged blocks were 

sampled in August 2001).  Forage production and stem density was sampled in all three logging 

treatments.  Soil penetrometer and soil moisture data collection was completed on all three 

logging blocks in October 2002.  Precipitation levels in 2002 were well below average and 

significantly lower than those in 2001 (McConnell, Range Agrologist, BC Ministry of Forest, 

per. comm. 2003). 

 

2.2. Plant cover 

Canopy cover for all vascular plants was estimated within 0.25 × 0.5 m Daubenmire frames, 

located at every 4 m, along four systematically selected transects per plot (n=40 frames) 

(Daubenmire 1959).  Canopy cover for shrubs, was estimated in 1 x 2 m plots at the same 

locations.  Transects were 50 m long and were located in similar slope positions. In total, 240 

vegetation assessments were made (3 blocks x 2 grazing treatments x 4 transects × 10 

samples/transects = 240).  Plant nomenclature follows Douglas et al. (1998). 

 

2.2.1. Plant diversity and species composition  

Species density (Hurlbert 1971) was calculated by totaling the number of species identified in 

the 40 Daubenmire frames (4 transects × 10 samples/transect = 40 per plot).  Two species 

diversity indices (Shannon and Simpson's indices) were calculated for each plot using canopy 
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cover estimates.  The Shannon and Simpson's indices were chosen because they are widely used, 

have moderate ability to discriminate species diversity differences (Magurran 1988), and 

represent both a Type 1 and Type 2 heterogeneity measure (Peet 1974). Heterogeneity measures 

were defined by Peet (1974), as those indices combining measures of species richness and 

species evenness.  The Shannon index (Type 1) is most affected by species richness, while 

Simpson's index (Type 2) is most affected by abundance of the most common species.  The 

Shannon index (H’) was calculated using the formula:  

H'=-Σpi ln pi 

The value of pi was estimated as ni/N (Pielou 1969) where ni is the cover of a plant species and 

N is the total cover of all plant species considered in the calculation.  Simpson's index (D) was 

calculated using the formula: 

D=Σ[ni(ni-1)/N(N-1)] 

using the same definitions of ni and N.  For ease of presentation, the reciprocal of the Simpson's 

index (1/D) was used for analysis.  

 

2.2.2. Stem density 

Tree stem density (any stem>1.5 m in height) and shrub density (any stem<1.5 m in height) was 

determined in two circular sub-plots placed at 10 m and 30 m along a 40 m transect.  Forty-eight 

density measures were made (3 harvesting treatments x 2 grazing treatments x 4 transects x 2 

sub-samples/transect).  All stems considered to be an obstruction to cattle (>1.5cm diameter at 

breast height (dbh)) were counted.  A variable-radius sub-plot was used to determine stem 

density.  A 5.64 m radius plot cord was used to establish circular sub-plots on the 40 m transect.  

A full plot was considered to be a whole circle (100 m2).  If there were more than 50 stems 

within a 100 m2 plot, a half-plot (half-circle) (50 m2) was used.  If there were more than 50 stems 

within a half-plot, a quarter- plot (quarter-circle) (25 m2) was used to quantify stem density.  In 

even numbered plots, half-plots and quarter- plots were established on the west side of the 40 m 

transect and on the east side of the transect in odd numbered plots. 
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2.3. Soil Sampling 

Soil penetration resistance (Bradford 1986) was measured to 60 cm depth at intervals of 3 cm, 

using hand-pushed 13-mm diameter cone (30°) penetrometer with data logger (Agridry Rimik 

PTY Ltd., Toowoomba, QLD, Australia).  Soil penetration resistance was measured in October 

2002. For each treatment, four transects were established and five profiles were recorded per 

transect.   

Soil water content was determined gravimetrically (Gardner 1965) on samples taken in 

October 2002 from 0-7.5, 7.5-15, and 15-30 cm depths. Since soil penetration resistance is 

strongly affected by the soil water content at the time of measurement, a correction to a reference 

soil water content was done using the method proposed by Busscher and Sojka (1987).  This 

method applies a logarithmic empirical relationship among bulk density, gravimetric water 

content, and penetration resistance allowing comparisons of absolute penetration resistance 

measurements independent of the original soil water content.  Corrections were adjusted to a 

reference water content of 0.25 kg kg-1, an average value for the three sites at the time of 

penetration resistance measurements. 

 

2.4. Statistical Analyses 

Soil and plant data were analyzed as split-block randomized complete block design, with three 

replications and four sampling units (transects) per plot.  Harvesting was considered to be the 

main plot treatment, grazing was the subplot treatment, and the three sites were considered 

replicates. 

Analysis of variance (SAS Institute, 1990) was used to test for significant differences in 

plant species composition and coverage, soil properties and tree density.  Differences were 

considered significant at p<0.1. 
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3. RESULTS AND DISCUSSION 

3.1. Understory Vegetation 

A total of 61 plant species (Appendix 1) were recorded in the summer-harvested plots of the 

three blocks. Twenty-one species were shrubs or trees, 32 were forbs or dwarf shrubs and eight 

species were grass or grasslikes. Three non-native species, common dandelion (Taraxacum 

officinale G.H. Weber ex Wiggers), fowl bluegrass (Poa palustris L.) and orchard grass 

(Dactylis glomerata L.) were observed.  All non-natives were found in the grazed plots.  

 

3.1.1. Forbs, Grasses, and Dwarf Shrubs 

Grazing within summer logging treatments had little effect on understory species.  Ten years of 

summer grazing treatments within the summer-logged treatment affected one forb species.  

Showy aster (Aster conspicuus Lindl.) cover was significantly higher in ungrazed (mean=3.39% 

stdev=1.07) than grazed blocks (mean=1.01% stdev=1.83) (p=0.07).  On the prairies, Asters are 

traditionally classified as an increaser species with an ability to withstand high grazing intensity 

(Weaver 1968) but certain Aster species are considered to be decreaser species in the Boreal 

forest (Bork, assistant professor, Range and Wildlife Resources, University of Alberta, per. 

comm. 2003).  Decreaser plant species are defined as highly palatable species that decline with 

grazing pressure.  Increaser species are plants that are moderately palatable to unpalatable, and 

that serve as secondary forage.  Increaser species may increase or remain stable under a 

moderate grazing regime (Holochek et al. 1998).  It is likely that showy aster was behaving as a 

decreaser species at this site and that ten years of grazing pressure resulted in the decline of this 

species. 

It was interesting to note that the adverse effect of grazing on showy aster was still evident 

when all logging treatments were analyzed together (summer, winter and unlogged).  Showy 

aster was one of the five forb species that was significantly affected by grazing.  Winter-logged 

and unlogged treatments when considered in combination with summer-logged treatments, were 

significantly affected by either grazing (Table 1, Fig. 2), logging or an interaction between the 

two treatments (5 by grazing, 4 by logging, and 1 by a logging×grazing interaction) for ten 
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understory species.  Only grazing effects were investigated, since different sampling methods 

and temporal variation (e.g. high precipitation levels in 2001) likely resulted in significantly 

different results between the logging treatments (i.e. summer vs. winter and unlogged 

treatments). 

 

Table 1.  Percentage cover of understory species significantly affected (p<0.1) by grazing 
treatments when all three logging treatments are combined in analysis (summer-logged 
data collected in 2002, unlogged and winter-logged data collected in 2001). 

 

 Grazed Ungrazed  

 mean stdev mean stdev p<F 

Forbs      

Aralia nudicaulis    1.70 0.91 5.29 4.53 0.04 

Aster cilolatus 2.29 1.32 1.29 1.29 0.10 

Aster conspicuus 0.89      0.88 2.34 1.63 0.03 

Fragaria virginiana 2.32 1.94 0.98 0.59 0.08 

Galium boreale 1.29 1.03 0.87 0.48 0.06 

Taraxcum officinale 1.56 0.67 0.04 0.07 0.06 

Grass/Grasslikes      

Elymus glaucus 1.60 2.10 0.32 0.63 0.08 
 

Showy aster and wild sarsaparilla (Aralia nudicaulis L.) were the only forb species that were 

adversely affected by grazing across all logging treatments.  All other species appeared to have 

benefited from ten years of summer grazing.  Positively affected species are rhizomatous (A. 

ciliolatus, F. virginiana, G. boreale) as are non-native species that are well-adapted to 

disturbance (T. officinale).  Showy aster and wild sarsaparilla are rhizomatous species as well.  It 

is possible that the timing of flowering made these species more susceptible to grazing 

disturbance.  Whether a plant is an increaser or decreaser is dependent on the surrounding plant 

community. 
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Blue wildrye (Elymus glaucus (Raf.) Buckl.) was the only grass or grasslike species 

significantly affected by summer grazing.  Blue wildrye is not considered to be highly palatable.  

It has, rough cauline leaves, and when flowering, awned seedheads that are not readily consumed 

by cattle.  It is likely that this species is more important early in the season, prior to seed set 

(USDA, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory 2003).  For 

these reasons, blue wildrye is considered as ‘fair’ in forage value (Hassell et al. 1983).  Blue 

wildrye is also generally favored by disturbance (Bailey et al. 1998).  A combination of fair 

forage value and adaptation to disturbance has likely contributed to the increase in blue wildrye 

under a moderate grazing regime practiced on these sites.   
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Figure 2.  Percentage cover of understory species significantly affected (p<0.1) by grazing 
treatments when all three logging treatments are combined in analysis (summer-logged 
data collected in 2002, unlogged and winter-logged data collected in 2001). 

 

3.2. Shrubs and Young Trees 
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Ten years of  grazing within summer logging treatments significantly affected two shrub species 

(Table 2).  Cover of both birch-leaved spirea (Spiraea betulifolia Pall. ssp. Lucida) and high-



 

bush cranberry (Viburnum edule (Michx.) Raf.) declined with grazing.  It is surprising that both 

species were adversely affected by grazing, as they are not considered to be highly palatable 

browse species (USDA, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory 2003). Birch-leaved spirea is not considered to be a desirable species to native or 

domestic ungulates, whereas high-bush cranberry is considered moderately palatable to native 

ungulates only (USDA, Forest Service, Rocky Mountain Research Station, Fire Sciences 

Laboratory 2003).  Surrounding plant species composition combined with timing of flowering at 

this site likely made these shrubs desirable to cattle over ten years of summer grazing. 

 

Table 2.  Percentage cover of shrub species significantly affected (p<0.1) by grazing 
treatments in summer-logged blocks.  

 

 Grazed Ungrazed  

Species Mean Stdev Mean Stdev p<F 

Spiraea betulifolia 1.86 0.95 3.51 0.93 0.06 

Viburnum edule 2.52 1.65 4.98 1.75 0.04 
 

Combining all three logging treatments for the purposes of analyses showed that six shrub/tree 

species were affected by treatments (4 by grazing, 2 by logging and 1 by a grazing×logging 

interaction). 
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Table 3.  Percentage cover of shrub species significantly affected (p<0.1) by grazing 
treatments when all three logging treatments are combined in analysis (summer-logged 
data collected in 2002, unlogged and winter-logged data collected in 2001). 

 

 Grazed Ungrazed  

Species Mean Stdev Mean Stdev p<F 

Populus balsamifera 2.93 4.78 1.35 3.08 <0.001 

Rosa accicularis 11.8 2.95 10.0 3.94 0.06 

Rubus idaeus 1.81 1.79 0.68 0.80 0.05 

Viburnum edule 4.10 2.75 7.70 4.56 0.01 
 

Cover of balsam poplar (Populus balsamifera L.), prickly rose (Rosa acicularis Lindl. 

ssp. sayi [Schwein] W.H. Lewis) and red raspberry (Rubus idaeus L. var. strigosus [Michx] 

Maxim) was greater in grazed treatments versus ungrazed treatments (Table 3, Fig.3).  The 

intensity of grazing may have been ideal for enhancement of leaf growth and an increase in 

balsam poplar cover; however, increases in cover were not reflected by increases in stem density 

(Table 6) within grazing treatments.  Grazing may have reduced competition of surrounding 

species, allowing for better resource use and growth by balsam poplar.   

Prickly rose is an unpalatable shrub species at certain times of the season.  Cattle prefer 

this species early in the season, when it has less woody growth, and they tend to avoid it later in 

season (Fitzgerald and Bailey 1984, Fitzgerald et al. 1986, Bailey et al. 1990).  This species will 

become generally woodier during the lifetime of the plant so it was probably not a preferred 

species over ten years of summer grazing.   

Red raspberry cover also increased in grazed treatments.  The U.S. forest service rates 

this species as poor forage for cattle (USDA, Forest Service, Rocky Mountain Research Station, 

Fire Sciences Laboratory 2003).  This is unexpected as in the aspen parkland of Alberta, red 

raspberry has been reported to be readily consumed by cattle at any time during the growing 

season (Fitzgerald et al. 1986, Bailey et al. 1990).  This species palatability likely varies 

depending upon location and the surrounding plant community.     
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Only high-bush cranberry experienced declines within the grazed treatments. Native 

ungulates prefer high-bush cranberry but this species is not known to be highly palatable to 

domestic ungulates.  Browse availability and choice at this site probably resulted in cranberry 

being a relatively palatable species.  Preferential selection for this browse species over others 

likely resulted in decreased cover in the grazed blocks over that in ungrazed blocks. 
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Figure 3.  Percentage cover of shrub species significantly affected (p<0.1) by grazing 
treatments when all three logging treatments are combined in analysis (summer-logged 
data collected in 2002, unlogged and winter-logged data collected in 2001) 

 

3.3. Species Diversity 

 Grazing within summer logging treatments had no effect on any species diversity index, 

including the Shannon-Weiner diversity and Simpson’s index as well as species richness (Table 

4). 

When all treatment results are combined (data gathered in 2001 and 2002), significant 

effects are noted.  Significance due to logging was not considered due to temporal variation and 

data collection methods.   Significant grazing effects should only be used to indicate possible 

trends that could be tested. 
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Table 4.  Species diversity within summer-logged blocks, as sampled in 2002. 
 

 Grazed Ungrazed  

 Mean Stdev mean Stdev p<F 

Shannon-Weiner        1.02      0.27        1.06     0.08 0.82 

Simpsons        8.52      4.01       9.4     2.88 0.77 

Species richness 33 8 33 4 0.89 
 

Species richness was the only index affected by grazing treatments when all logging 

treatments were analyzed together.  Species richness was significantly higher (p=0.06) in the 

grazed (mean=38 spp., stdev=6) than ungrazed treatment (mean=35 ssp., stdev=4).   

Species richness is likely higher in the grazed treatments due to sustained moderate 

disturbance.  The intermediate disturbance hypothesis proposes that the highest diversity is 

maintained at intermediate levels of disturbance.  At very low frequencies of disturbance, the 

community will reach a climax, with competitive exclusion by a few species having reduced 

diversity.  In contrast, after a disturbance, pioneer species will colonize and result in increased 

diversity, unless the disturbance frequency is high, in which case colonization will not occur past 

the pioneer stage (Begon et al.  1990).  Ten years of grazing at 75% of forage use has likely 

imposed intermediate levels of disturbance on these blocks, resulting in increased species 

richness in grazed blocks. 

Increases in species richness on grazed blocks can also be result of higher number of non-

native or weedy species found.  Oftentimes, intermediate to heavy grazing can lead to increases 

in weedy or non-native species.  Disturbances may reduce competing vegetation or even leave 

bare ground, in which case, weedy non-natives will have an advantage over existing native 

species.  Early germination, rapid growth, and allocation of resources to aboveground biomass, 

enable weeds to preempt resource use by their competitors (Sheley et al. 1993, Herron et al. 

2001).  Increases in non-native or weedy species do not seem to have compromised species 

diversity at these sites and are not considered a problem at this time. 
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3.4. Forage Production 

Grazing or logging treatments did not significantly affect forage production.  Woods et al. (1982) 

found that in areas with low basal area (<10 m2 ha-1), there was a poor correlation between basal 

area and forage production.  The authors concluded that other site factors (light, water and 

nutrients), that influenced competition within the herbaceous understory itself, had an effect on 

dry weight production.  Although stem densities were high in this research project, basal area is 

likely quite low, due to the dominance of small diameter stems.  Factors in the understory, such 

as nutrient and moisture availability, rather than overstory influence, may be controlling 

production.   

It appears that there is no significant grazing pressure being placed on any of the harvesting 

treatment blocks, i.e. unlogged blocks are not being overgrazed relative to the logged blocks, 

with high density aspen.  The author is not aware of literature indicating a density threshold, at 

which cattle cannot access forage.  Bates et al. (1993) and Maynard and MacIssac (1998) have 

both recorded higher aspen densities than those recorded in this study (94,900 and 48,375 stems 

ha-1 respectively versus 10,000 – 15,000 stems ha-1).  Both studies were monitoring initial aspen 

suckering response to logging so their numbers are likely to be higher than those found in this 

study due to the 10 year time lag.  Irving (Ranch Manager, Kinsella Ranch, per. comm. 2003) 

has observed cattle grazing in blocks having stem densities as high as 22,000 stems ha-1. 

Logging×grazing interaction (p=0.007) was significant. Forage production was greater on 

ungrazed than grazed winter logged sites, while the opposite was true on the summer logged 

sites (Fig. 4).   

It is generally believed that winter logging results in fewer disturbances to a plant 

community because of operation on frozen soils.  Logging in the winter (with snow cover) 

reduces the chance of soil compaction and prevents damage to understory vegetation (Maynard 

and MacIsaac 1998).  Loss of nutrients, after logging, is related to disturbance in the understory 

and the ability of plants to uptake increased nutrients after logging (Maynard and MacIsaac 

1998).  Winter logging at this site likely resulted in increased production values due to minimal 

disturbance in the understory and soil nutrient conservation.  Increased production at winter-
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logged sites (not experienced at summer-logged sites) may have been utilized by cattle, resulting 

in the significant difference in production between grazed and ungrazed treatments.   

It is also worth noting that summer and winter logging resulted in generally higher 

production values relative to unlogged treatment.   
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Figure 4.  Effect of logging and grazing on forage production (kg ha-1).  Within a 
logging treatment, an (*) indicates a significant difference (p<0.01). 

 

 

3.5. Stem Density 

Logging had a significant effect on stem density, specifically, on live aspen stem density 

(excluding stems <1.5m) (p=0.04), on total conifer stem density (p=0.03) and on total stem 

density (excluding stems <1.5m) (p=0.03) (Fig. 7). 

Predictably, aspen stem density was significantly higher in the logged treatments than in the 

unlogged treatments.  Mean aspen stem density for all treatment combinations are listed in Table 

5.  Additionally, conifer stem density was significantly higher (p=0.03) in unlogged treatments 
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(mean=64.6 stems ha-1, stdev=70.89), than in the winter-logged (mean=2.08 stems ha-1, 

stdev=5.10) and in the summer-logged (mean=0 stems ha-1, stdev=0 stems ha-1) treatments.  

Total stem density (Table 6) was significantly higher (p=0.03) in the summer-logged 

(mean=13,167 stems ha-1, stdev= 5399.50) and in the winter-logged (mean= 12,360 stems ha-1, 

stdev= 4589.30) treatments than it was in the unlogged treatments (mean=957.33, stdev=416.01).  

This is predictable, as aspen and balsam poplar suckering, promoted by logging, results in higher 

stem densities in logged blocks. 
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Figure 5.  Total stem density for all 3 logging treatments.  Among all treatments, 
means with different letters differ significantly (p<0.1). 
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Table 5.  Mean aspen stem density (stems ha-1) for all treatment combinations (3 levels 
of logging and 2 levels of grazing). 
 

 Grazing Live aspen stems 
(stems ha-1) StdDev 

Unlogged Ungrazed     611   331 

    Grazed     792     50 

Summer Logged Ungrazed 14,717 6,146 

     Grazed   9,863 4,243 

Winter Logged Ungrazed 11,150 7,267 

     Grazed 10,775 3,313 
 

Regeneration of aspen occurs following disturbances such as fire or logging, mostly 

through root suckering.  Suckering may be suppressed by soil compaction caused by logging 

(Corns and Maynard 1998) which occurs on unfrozen soils (i.e. summer harvesting treatments) 

(Maynard and MacIsaac 1998).  Additionally, root carbohydrate levels are lowest during the 

early summer (immediately after leaf flush) and gradually increase through the growing season.  

Bates et al. (1993) reported maximum aspen regeneration following winter harvesting and cited 

high root carbohydrate levels and soil compaction as contributing factors.  This seasonal 

relationship may not apply to northern boreal forests where lower soil temperatures may be a 

limiting factor, rather than soil compaction.  

Maine and Horton (1966) and Hungerford (1998) both reported lower suckering densities 

as a result of cooler soil temperatures after harvesting in northern climates.  Researchers also 

report low suckering density where blocks have been quickly invaded by grass (Landhausser and 

Lieffers 1998).  Broersma et al. (2002) reported significant increases in marsh reed grass 

(Calamagrostis canadensis (Michx.) Beauv.)) on the same sites in winter logged blocks, but 

grass competition did not seem to affect suckering densities in these blocks.  No logging season 

effect on stem density was observed in this study. 
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There was also a lack of a grazing effect on stem density within winter and summer 

logged blocks.  Fitzgerald and Bailey (1984) and Bailey et al. (1990) have found that only late-

season, short-duration, high-intensity grazing is sufficient to affect the density of aspen suckers 

within logging blocks.  Grazing treatments in this study are not considered late-season, short 

duration, or high intensity. 

 

Table 6.  Total stem density (stems ha-1) for all treatment combinations (3 levels of 
logging and 2 levels of grazing). 
 

 Grazing Total stems 
(stems ha-1) 

StdDev 

Unlogged Ungrazed 761 382 

     Grazed 1,155 413 

Summer Logged Ungrazed 15,906 5,722 

     Grazed 10,429 4,200 

Winter Logged Ungrazed 12,592 6,638 

     Grazed 12,129 2,903 
 

3.6. Soil Compaction 

Up to depth of 18 cm soil penetration resistance was similar on unlogged, winter and summer 

logged treatments (Fig. 5). Between 18 and 50 cm penetration resistance was about 500 kPa 

greater on the unlogged treatment relative to other two logging treatments.  Cattle grazing had no 

effect on penetration resistance at any depth in the soil profile (Fig. 6).  
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Figure 6.  Soil penetration resistance data obtained in October 2002 on unlogged, 
winter logged, and summer logged treatments near Dawson Creek, BC. 

 

Below the depth of 17 cm soil penetration resistance measurements were consistently greater 

than 2500 kPa - a commonly cited critical value for root penetration and growth (Greacen et al. 

1969; Greacen and Sands 1980; Busscher et al. 1986). This is an indication that soil strength 

likely was limiting to root growth at depths below 17 cm. 
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Figure 7.  Soil penetration resistance data obtained in October 2002 on ungrazed and 

grazed treatments near Dawson Creek, BC. 
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4. CONCLUSIONS 

Ten years of grazing within summer-logged blocks had little impact on species composition and 

diversity.  When winter-logged and unlogged sites were included in analysis grazing resulted in 

the increase of several rhizomatous species that are adapted to disturbance (e.g. dandelion).  

Only two species (showy aster and wild sarsaparilla) were adversely affected by grazing.  Plant 

species composition at these sites was such that these two forb species were probably preferred 

by cattle over other understory species.  Grazed blocks had greater species richness than 

ungrazed blocks, likely due to moderate levels of disturbance imposed at these sites. 

Forage production was not affected by logging or grazing, although grazed winter-logged 

sites had significantly higher production than ungrazed sites.  Increases in production due to 

winter logging may have been fully utilized by cattle, resulting in the grazing by logging 

interaction.  There was no disproportionate grazing pressure being placed on unlogged sites and 

grazing pressure was not heavy enough to adversely affect production levels at these sites. 

Soil penetration resistance, as a measure of compaction, was similar on logged and unlogged 

treatments. Ten years of cattle grazing at 75% of forage utilization did not significantly affect 

soil penetration resistance relative to the ungrazed treatment.  

Stem density was predictably higher at logged sites versus unlogged sites, due to suckering 

promoted by logging disturbance.  There was no logging season effect on stem density.  Aspen 

suckering may have been limited by low soil temperatures rather than soil compaction caused by 

logging.  Ten years of cattle grazing did not affect aspen stem density either. 

Results of this project indicate there is currently no land-use conflict at these sites.  Logging 

has had no impact on forage production and more importantly, increased stem densities on 

logged sites did not appear to restrict access to forage.  In addition, grazing has not had an 

adverse impact on aspen stem density, likely due to the timing of grazing.  Grazing has not 

adversely affected the understory plant community (species cover and diversity).  Harvesting and 

logging appear to be complementary land-uses at these sites. 
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6. APPENDIX 

Table A.1.  Vascular plant species present at the study sites. 

Scientific name Family Common Name Descriptive 
group 

Achillea millefolium Asteraceae common yarrow forb 

Alnus incana Betulaceae mountain alder shrub/tree 

Amelanchier alnifolia Rosaceae Saskatoon shrub/tree 

Angelica arguta Apiaceae sharp tooth angelica forb 

Aralia nudicaulis Araliaceae wild sarsaparilla forb 

Arnica latifolia Asteraceae mountain arnica forb 

Aster campestris Asteraceae meadow aster forb 

Aster ciliolatus Asteraceae Lindley’s aster forb 

Aster conspicuus  Asteraceae showy aster forb 

Betula papyrifera Betulaceae paper birch shrub/tree 

Calamagrostis 
canadensis 

Poaceae bluejoint grass/grasslikes 

Carex spp. Cyperaceae sedge spp. grass/grasslikes 

Clintonia uniflora Liliaceae queen’s cup forb 

Cornus canadensis Cornaceae bunchberry forb 

Cornus stolonifera Cornaceae red-osier dogwood shrub/tree 

Dactylis glomerata Poaceae orchardgrass grass/grasslikes 

Disporum hookeri Liliaceae hooker’s fairybells forb 

Elymus glaucus Poaceae blue wildrye grass/grasslikes 

Epilobium 
angustifolium 

Onagraceae fireweed forb 

Epilobium 
brachycarpum 

Onagraceae tall annual willowherb forb 

Equisetum arvense Equisetaceae common horsetail grass/grasslikes 

Fragaria virginiana Rosaceae wild strawberry forb 

Galium boreale Rubiaceae northern bedstraw forb 
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Scientific name Family Common Name Descriptive 
group 

Galium triflorum Rubiaceae sweet-scented bedstraw forb 

Gentianella amarella Gentianaceae northern gentian forb 

Heracleum maximum Apiaceae cow-parsnip forb 

Larix occidentalis Pinaceae western larch shrub/tree 

Linnaea borealis Caprifoliaceae twinflower forb 

Lonicera dioica Caprifoliaceae red honey suckle shrub/tree 

Lonicera involucrata Caprifoliaceae black twinberry shrub/tree 

Maianthemum 
canadense 

Liliaceae wild lily-of-the-valley forb 

Mertensia paniculata Boraginaceae tall bluebells forb 

Mitella nuda Saxifragaceae common miterwort forb 

Moehringia laterifolia Caryophyllaceae blunt-leaved  sandwort forb 

Petasites frigidus Asteraceae palmate coltsfoot forb 

Picea glauca Pinaceae white spruce shrub/tree 

Poa palustris Poaceae fowl bluegrass grass/grasslikes 

Populus balsamifera Salicaceae black cottonwood shrub/tree 

Populus tremuloides Salicaceae trembling aspen shrub/tree 

Prunus virginiana Rosaceae choke cherry shrub/tree 

Pyrola asarifolia Pyrolaceae pink wintergreen forb 

Ribes glandulosum Grossulariaceae skunk currant shrub/tree 

Ribes lacustre Grossulariaceae black gooseberry shrub/tree 

Ribes triste Grossulariaceae red swamp currant shrub/tree 

Rosa acicularis Rosaceae prickly rose shrub/tree 

Rubus idaeus Rosaceae red raspberry shrub/tree 

Rubus pedatus Rosaceae five-leaved bramble shrub/tree 

Rubus pubescens Rosaceae trailing raspberry shrub/tree 

Salix sp. Salicaceae willow spp. shrub/tree 
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Scientific name Family Common Name Descriptive 
group 

Shepherdia canadensis Elaeagnaceae soopolallie shrub/tree 

Smilacina racemosa Liliaceae false solomon’s seal forb 

Spiraea betulifolia Rosaceae birch-leaved spirea shrub/tree 

Symphoricarpos 
occidentalis 

Caprifoliaceae snowberry shrub/tree 

Taraxacum officinale Asteraceae dandelion forb 

Thalictrum occidentale Ranunculaceae western meadowrue forb 

Trifolium hybridum Fabaceae alsike clover forb 

Vicia americana Fabaceae American vetch forb 

Viburnum edule Caprifoliaceae high-bush cranberry shrub 

Viola adunca Violaceae early-blue violet forb 

Viola canadensis Violaceae Canada violet forb 

Viola renifolia Violaceae kidney-leaved violet forb 
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