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FIA-FSP Y071047 EXECUTIVE SUMMARY 
 
Project Number: Y071047 
 
Project Title: IMPACT OF CATTLE FORAGING ON UNDERSTORY PLANT 
BIODIVERSITY (RANGE HEALTH) USING LONG-TERM EXCLOSURES 
 
Project Purpose and Management Implications:  
  
Forested range is often described as “transitory” because desired range 
conditions (adequate forage yields) within these upland forests are available only 
temporarily as long as the tree canopy remains open, allowing sunlight to support 
understorey vegetation.  Following tree removal, range conditions typically 
remain favorable for ca. 10 to 15 years.  Silvopasture systems have been shown 
to be both economically and ecologically feasible.  The potential for forest range 
is vastly underutilized and that management can greatly increase productivity 
within these rangelands.  Silvicultural treatments such as thinning, by reducing 
shade and delaying canopy closure, can increase forage yields and prolong 
favorable range conditions.  Fertilization can also have direct beneficial effects on 
the quality and quantity of forage produced within forest rangeland.  The impacts 
of cattle disturbance within such managed stands has not been investigated prior 
to this study. 
 
There is no information on the long-term response of understory vegetation, at 
various densities and fertilization regimes, in young lodgepole pine stands at 
replicated real-world (operational) scales.  In particular, the impact of continued 
annual grazing by cattle on vegetation, and native ungulates, has not been 
addressed in any meaningful way.  The issue of “range health” can only be 
evaluated by relatively long-term installations measuring the responses of 
vegetation to grazing compared with no grazing (exclosures).  Abundance and 
structural diversity of vegetation can act as an indicator for sustainable forest 
management, in this case the impact of chronic grazing by cattle, and help to 
determine the state of “range health”.  Because cattle graze virtually all forest 
ecosystems in the southern interior of B.C., we desperately need “control sites” 
where there has been no grazing for a relatively long period (e.g. 10 years).    
  
Project Objectives: 
 
1)  Determine the impact of cattle grazing on (a) abundance of plant species in 
herb, shrub, and tree layers;  (b) quality and quantity of specific forage species; 
and (c) stand structure (structural diversity) of the vegetation communities. 
 
2)  Determine the influence of cattle foraging on relative habitat use by native 
ungulates: mule deer and moose. 
 
3)  Develop vegetation indicators to measure and predict “range health” in these 
young stands used as summer range for cattle. 
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Project Start Date:  April 1, 2006.  1 year duration.   
 
Methodology Overview: 

 
The study is being conducted in the Bald Range 25 km west of Summerland, 
B.C. in the Montane Spruce (MSdm) biogeoclimatic zone.  Field data on 
understory vegetation, in and outside of exclosures, have already been collected 
over the period 1993 to 2003 at all installations.  Fecal pellet-groups of cattle, 
deer, and moose have been collected in these same stands over a 5-year period 
(1999 to 2003).  Thus, this project was designed for analysis and synthesis of 
these data, combined with data on forage quality, into three manuscripts for 
publication in scientific journals, and extension to practitioners. 
 
This project commenced in 1993 with pre-commercial thinning of stands (12-14 
years old) to 4 densities: 250, 500, 1000, and 2000 stems/ha at three replicate 
study areas:  Summerland (MSdm), Kelowna (MSdm), and Alex Fraser Research 
Forest in the Cariboo (SBSdw).  These thinning treatments were applied at an 
operational scale.  Optimum nutrition fertilization of one-half the area of each 
stand density was initiated in 1994, and continued at 2-year intervals in 1996, 
1998,  2000, and 2002 at all 3 areas.  An unthinned stand, a mature stand, and 
an old-growth stand are included in the design at each area. 
 

Experimental design 
The three study areas are regional replicates (blocks).   Within each replicate, 
there areeleven experimental units which have lodgepole pine stands treated in 
the following randomized block design with stems/ha indicated (T=Thinned; 
T+F=Thinned and Fertilized): 

 Stand Density and Treatment 
 250 500 1,000 2,000 Unthinned   
 T T+F T T+F T T+F T T+F   

Replicate            
1 A B C D E F G H I   
2 A B C D E F G H I   
3 A B C D E F G H I   
            
            

 
Cattle exclosures 

A cattle exclosure was installed within each of the nine treatment stands and 
provided a comparison of plant community attributes that had developed within 
silvopasture with a history of seasonal cattle disturbance (hereafter referred to as 
open range) to plant community attributes that had developed without cattle 
disturbance (up to 10 years of cattle exclusion).  One exclosure was randomly 
located within each experimental unit and measured 0.03 ha in size (10 x 30 m, 
ca. 1.5 m tall, enclosed by 6 strands of smooth wire).  Use of exclosure habitat 
by native ungulates was confirmed by the presence of mule deer and moose 
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fecal pellets and bedding sites within exclosures.  All cattle exclosures were 
installed during the fall of 1993 or early spring of 1994 (prior to cattle release), 
and, while sampling of open range habitat began in 1993 (pre-treatment), 
sampling within exclosures did not begin until 1994, one year following the onset 
of treatments. 
 

Vegetation sampling (completed) 
Vegetation transects measured 5 m wide by 25 m long and were made up of five 
contiguous 5-m x 5-m plots.  Each plot contained three sizes of nested sub-plots: 
the 5-m x 5-m plot for sampling trees, a 3-m x 3-m sub-plot for sampling shrubs; 
and a 1-m x 1-m sub-plot for sampling herbs.  Plants were classified as herb, 
shrub, or tree based on species, not size.  All plants were subdivided into six 
height classes: 0-0.25, 0.25-0.5, 0.5-1.0, 1.0-2.0, 2.0-3.0, and 3.0-5.0 m.  A 
visual estimate of the percentage of ground occupied by the vertical projection of 
a species crown was made for each species height class combination within the 
appropriate nested sub-plot.  A given plant would only be measured once within 
the height class that the tallest part of the plant occurred.  These data were then 
used to calculate a crown volume index (m3/0.01 ha) for each plant species 
(Stickney 1985).  The product of percent cover and corresponding height gives 
the volume of a cylindroid, which represents the space occupied by the plant in 
the community.  Crown volume index values were then averaged by species for 
each plot size and converted to a 0.01-ha base to produce values for herb, shrub 
and tree layers.  Sampling was carried out annually during July-August and 
began in 1993 and 1994 within open range and exclosure plots, respectively.  
The final sample took place in 2003.  To ensure consistency of any data 
collection bias, the same individual carried out all of the vegetation sampling. 
 

Relative habitat use (completed) 
Sampling of fecal pellet-groups was used to measure relative habitat use by mule 
deer and moose for summer (May to September) and winter (October to April) 
periods 1999 to 2003.   
 
Project Scope and Regional Applicability:  The project will lead to guidelines 
for sustainable forest management indicators in a variety of thinning and 
fertilization regimes for young lodgepole stands.  The guidelines will be used by 
field foresters and range managers to integrate silviculture treatments within the 
framework of FRPA.  Range health in upland and riparian zones has been 
identified as a major research priority, and development of indicators and 
monitoring systems is highly relevant to practitioners that include silviculturalists, 
range managers, ranchers, First Nations, private companies, and other rural 
groups.   
 
Interim Results:  Results indicate that the impacts of cattle disturbance on plant 
community abundance and diversity cannot be generalized as either detrimental 
or beneficial, as responses varied and were closely related to the nutrient status 
of the site.  Within fertilized stands, impact of cattle disturbance was found to be 
beneficial, particularly for the herb layer, as grazing decreased volume and 
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slowed the rate of competitive exclusion, resulting in increased species richness  
and diversity.  However, the beneficial impacts were not initially evident, as it 
took up to five years before the combined effects of fertilization and cattle 
disturbance brought about significant differences between exclosure and open 
range conditions.  Impacts of cattle disturbance were different within unfertilized 
stands, and were reversed for the shrub layer.  Within unfertilized stands, cattle 
disturbance did not significantly reduce herb or shrub volumes, however, 
richness, and to a lesser extent diversity, of the shrub layer were decreased.  
Within these young lodgepole pine stands, cattle disturbance did not have any 
effect on the volume, richness or diversity of the tree layer. 
 
Relative habitat use by cattle was greater within heavily thinned (particularly 500 
stems/ha) and repeatedly fertilized silvopastures compared to heavily stocked 
and unfertilized silvopastures.  Summer habitat use by mule deer and moose 
appeared to be greater within silvopastures that had been heavily thinned, 
however, differences were not statistically significant.  Mule deer and moose 
habitat use was greater within fertilized than unfertilized silvopasture, however, 
for moose, this treatment effect was not significant.  During winter, mule deer 
appeared to make greater use of the higher-density silvopastures (1000 and 
2000 stems/ha), presumably for the cover provided within these stands, however, 
this density effect was not significant.  Winter habitat use by moose, on the other 
hand, continued to be greater within heavily thinned and fertilized than high-
density and unfertilized silvopastures, however, only fertilizer effect was 
significant. 
 
Of the several hundred plant community attributes that were analyzed, only a few 
appeared to have potential as indicators of grazing intensity.  Within unfertilized 
silvopastures at the Summerland study area, an increased presence of Carex 
spp. and Arctostaphylos uva-ursi appeared to be indicative of increased grazing 
intensity.  Within fertilized silvopastures at this same study area, increased 
presence of Mahonia aquifolium and decreased presence of Pachistima 
myrsinites appeared to be indicative of increased grazing intensity.  Within 
unfertilized silvopastures at the Cariboo study area, increased presence of 
Sheperdia canadensis and Ribes lacustre appeared to be indicative of increased 
grazing intensity.  And finally, within fertilized silvopastures at this same study 
area, decreased presence of Lonicera involucrata and Vaccinium caespitosum 
and increased presence of Epilobium ciliatum appeared to be indicative of 
increased grazing intensity. 
 
 
Contact Information:   Thomas P. Sullivan 
Forest Sciences UBC 
Faculty of Forestry, 2424 Main Mall, UBC, Vancouver, B.C. V6T 1Z4 
tom.sullivan@ubc.ca 
Phone: 604-822-6873  250-494-7160 
Fax:  604-822-9133 


