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1.0  EXECUTIVE SUMMARY 

Pre-commercial thinning (PCT) and fertilization are two silvicultural practices 

designed to accelerate the growth of timber that also generate a variety of understory 

vegetative compositions and overstory stand structures in second-growth forests.  

Snowshoe hares (Lepus americanus), mule deer (Odocoileus hemionus), and moose 

(Alces alces) commonly occur in young stands. This project was designed to test the 

hypotheses that (1) large-scale PCT and repeated fertilization at 15 years after 

treatment, and (2) large-scale PCT at 15-20 years after the onset of treatments, would 

enhance relative habitat use by hares, mule deer, and moose in managed stands 

compared with mature/old-growth stands.  Study areas were located near Summerland, 

Kelowna (TFL 49), Gavin Lake, Kamloops, and Penticton in south-central B.C. Each of 

the first three study areas had nine treatments: four pairs of stands thinned to densities 

of ~250 (very low), ~500 (low), ~1000 (medium), and ~2000 (high) stems/ha with one 

stand of each pair fertilized five times at 2-year intervals, and an unthinned stand.  The 

other two study areas had three young pine stands thinned to densities of ~500 (low), 

~1000 (medium), and ~2000 (high) stems/ha, with an unthinned young pine and old-

growth pine stand for comparison.  Relative habitat use by the three mammalian 

herbivores was measured by fecal pellet and pellet-group counts in 2008, 15 and 20 

years after start of treatments in the two studies.  Understory vegetation and coniferous 

stand structure were measured in all stands.  

 Relative habitat use by snowshoe hares started to fit the predicted pattern with 

higher activity in the unthinned and high density (1290 to 1580 stems/ha) stands.  This 

trend was further accentuated by the increase in understory conifers in lower-density (≤ 
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1000 stems/ha) stands, both fertilized and unfertilized, that provided essential cover for 

hares.  This change in stand structure presumably increased their degree of habitat use 

at 15 compared to 10 years since the onset of PCT and fertilization treatments. Relative 

habitat use by mule deer appeared to be enhanced in very low-density (~250 stems/ha) 

stands; with comparable levels of use in the other managed stands (500-2000 

stems/ha) and old-growth stands.  There were no significant relationships between mule 

deer and habitat components of abundance or diversity of understory vegetation, nor 

with fertilization.  Deer habitat use declined with an increase in conifer structural 

diversity that may have been related to preference for open stands. Relative habitat use 

by moose also tended to be enhanced in managed stands, particularly very low-density, 

and generally greater than in unthinned or old-growth stands.  Fertilization further 

enhanced this response with positive habitat relationships for moose and abundance of 

herbs and shrubs. 
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2.0  Introduction 

 There are several silvicultural practices designed to accelerate the growth of 

timber that also generate a variety of understory vegetative compositions and overstory 

stand structures in second-growth forests (Hayes et al., 1997; Busing and Garmen, 

2002; Homyack et al., 2004).  These practices include pre-commercial (PCT) and 

commercial thinning, fertilization, and vegetation management (conifer release).  When 

combined with a variety of tree species, successional stages, stand structures, edges, 

and riparian zones, these practices should help manage second-growth forests for 

natural levels of biodiversity (Hunter 1999). 

 PCT and fertilization have perhaps the greatest potential to enhance forest 

understory vegetation.  PCT contributes to both volume and quality increases in wood 

fibre on those crop trees selected for superior growth and form during stand thinning 

(Johnstone, 1985), and fertilization, particularly with nitrogen, may enhance this effect 

(Weetman, 1988; Brockley et al., 1992).  Young lodgepole pine (Pinus contorta var. 

latifolia) forests cover up to 20 million ha in the Pacific Northwest (PNW) of North 

America and are amenable to these silvicultural treatments (Koch, 1996; Brockley, 

1996).  Responses of understory vegetation, in terms of cover or volume, to stand 

thinning (Sullivan et al., 2001; Lindgren et al., 2006) and to fertilization (Thomas et al., 

1999; VanderSchaaf et al., 2000; Sullivan et al., 2006a) have generally been positive.  

These silvicultural tools could also be used to accelerate development of late 

successional structural features in young managed stands (Hayes et al., 1997; Sullivan 

et al., 2001). 
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 Snowshoe hares (Lepus americanus), mule deer (Odocoileus hemionus), and 

moose (Alces alces) are three mammalian herbivores that commonly occur in 

temperate and boreal forests, including lodgepole pine stands, throughout inland areas 

of the Pacific Northwest (PNW) of North America (Banfield, 1974; Koch, 1996; Hodges, 

2000). 

The snowshoe hare is considered a keystone species in boreal forests of North 

America (Boutin et al., 2003), and potentially in the montane western coniferous forests 

of the PNW (Hodges, 2000).  Hares have a 9- to 11-year fluctuation in abundance 

(Keith, 1963) and represent the main prey for many vertebrate predators in coniferous 

forests, such as Canada lynx (Lynx canadensis), coyotes (Canis latrans), and great 

horned owls (Bubo virginianus).  Population dynamics of hares in the southern part of 

their range are poorly known, but suggest that hare numbers may continue to cycle at 

densities less than half of those in northern regions (Keith, 1990; Hodges, 2000). The 

importance of snowshoe hares, as a principal prey species, for conservation of lynx in 

the PNW has generated considerable recent interest (Ruggiero et al., 2000).  Changes 

in hare habitat from silvicultural practices will likely have direct implications for lynx 

management. 

In PNW forests, hares are usually most abundant in dense stands of pine (Pinus 

spp.), spruce (Picea spp.), or deciduous species, which provide the necessary food and 

cover (Sullivan and Sullivan, 1983; Koehler, 1990a,1990b).  Understory cover is the 

critical factor and shrubs, dense stocking, and a heavy cover of lateral branches are 

essential (Pietz and Tester, 1983; Litvaitis et al., 1985).  These habitat attributes provide 

cover for predator avoidance but need to be interspersed with early seral stages 
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providing forage (Koehler and Brittell, 1990; Hodges, 2000).  Hares shift from relatively 

“open” habitats, which have abundant herbaceous vegetation in summer, to dense 

coniferous stands in autumn (Wolff, 1980). 

Silvicultural treatments such as PCT have been viewed as negative for 

snowshoe hares because the reduction in stand density reduces the cover component, 

and hence susceptibility to predation (Koehler and Brittell, 1990; de Bellefeuille et al., 

2001; Ausband and Baty, 2005; Griffin and Mills, 2007).  This pattern was also reported 

for response of hares to cover attributes in recently harvested sites (Ferron et al., 1998; 

de Bellefeuille et al., 2001).  However, these studies are short-term (2-3 years post-

treatment), and hence do not report on hare responses to development of understory 

vegetation in these managed stands through time.  In a 5-year period, 6 to 10 years 

after start of PCT and fertilization treatments, fertilized 2000 stems/ha stands provided 

habitat for hares to a degree comparable with unthinned stands of lodgepole pine 

(Sullivan et al., 2006a). 

 Mule deer and moose also need early successional understory (herbs and 

shrubs) conditions to provide forage, thermal and hiding cover (Lyon, 1987; Nyberg, 

1990).  In areas and years of relatively high snowpacks, both ungulates appear to 

require mature and old-growth forest with high levels of crown closure for snow 

interception during winter months (Armleder et al., 1994; Pierce and Peek, 1984).  

These old forests often provide the best winter range conditions because of 

characteristics that intercept snow and supply forage via herbs, shrubs, and arboreal 

lichen and Douglas fir (Pseudotsuga menziesii) litterfall (Dawson et al., 1990; Nyberg, 

1990). 



 8

 Nyberg (1990) discussed the use of thinning and fertilization to enhance summer 

and winter ranges of black-tailed deer (O. h. columbianus) in coastal coniferous forests.  

Several authors reported generally on the positive responses of mule deer and elk to 

thinning of lodgepole pine stands (Blair and Enghardt, 1976; Crouch, 1986; Lyon, 1987).  

These ungulates likely responded to the enhanced structural diversity in the understory 

that provided forage and cover.  In a 5-year study at 6 to 10 years after treatments, 

relative habitat use by mule deer during summer months was enhanced by PCT with 

fertilization, and the 1000 stems/ha fertilized stands experienced greater use than 

unthinned or mature stands (Sullivan et al., 2006b).  Winter habitat use by mule deer 

was similar in the 1000 stems/ha fertilized stands and old-growth stands.  In both 

summer and winter, moose preferred fertilized to unfertilized stands, and low-density to 

higher density stands (Sullivan et al., 2006b).  In another study, deer and moose 

responded positively to enhanced volume of herbs and shrubs as well as to species 

diversity and structural diversity of conifers and overall vegetation in heavily thinned (≤ 

1000 stems/ha) stands at 12 to 15 years post-thinning (Sullivan et al., 2007). 

There are no studies investigating the long-term (several decades) responses of 

understory vegetation and relative habitat use by these three mammalian herbivores to 

a range of PCT densities and fertilization.  Thus, this study was designed to test the 

hypotheses that (1) large-scale PCT and repeated fertilization at 15 years after 

treatment, and (2) large-scale PCT at 15-20 years after the onset of treatments, would 

enhance relative habitat use by hares, mule deer, and moose in managed stands 

compared with mature/old-growth stands.  Habitat use was predicted to increase in 

response to enhanced abundance of herbs and shrubs, and species diversity and 



 9

structural diversity of conifers, in these managed stands. This paper is one of several 

periodic publications reporting on long-term responses of these mammalian herbivores 

to stand treatments.   

 

3.0  Materials and Methods 

 3.1 Experimental Design 

The 15-year study was divided into four treatment units, each receiving a 

randomly assigned PCT density-treatment of either 250 (very low), 500 (low), 1000 

(medium), or 2000 (high) stems per ha.  Half of each thinning unit received fertilizer 

treatments.  Assignment of fertilizer treatments was partially dependent on logistics 

related to the helicopter application method used to deliver the fertilizer and was, 

therefore, not completely random.  An unthinned (> 3,000 stems/ha) stand and an old-

growth stand completed the experimental design and resulted in a total of ten 

experimental units (eight treatment stands, one unthinned, and one old-growth stand) 

(Table 1).  The 20-year study had three densities: 500 (low), 1000 (medium), and 2000 

(high) of young lodgepole pine forest with unthinned (>3000 stems/ha) young and old-

growth pine stands included at each study area (Table 1). Treatments were assigned to 

stands in a randomized complete block design.  Each of the three study areas was 

considered a regional replicate (block). Unfortunately, the severe epidemic of mountain 

pine beetle (MPB) (Dendroctonus ponderosae) in lodgepole pine stands throughout the 

central and southern interior of BC has resulted in beetle-killed trees, at various levels of 

infestation, in one (Cariboo) of three replicate blocks in the 15-year PCT-repeated 

fertilization study and two (Kamloops and Prince George) of three replicate blocks in the 
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20-year PCT study.  Study stands at the Prince George replicate experienced 

catastrophic attack in 2004-2005 and were subsequently harvested for pulp in 2007. 

 

 3.2 Study Areas 

The 15-year study was located at three study areas in southern B.C. in young 

lodgepole pine stands that had relatively uniform tree cover, comparable diameter, 

height, and density of trees prior to stand treatments.  The Summerland study area was 

located in the Bald Range 25 km west of Summerland in south-central B.C. (49o40’N; 

119o53’W).  This area is within the Montane Spruce (MSdm) biogeoclimatic zone 

(Meidinger and Pojar, 1991) at an elevation range of 1450-1520 m with gently rolling 

topography and sandy loam soil.  The MS has a cool, continental climate with cold 

winters and moderately short, warm summers.  Mean annual temperature is 0.5-4.7oC 

and precipitation ranges from 380 to 900 mm. 

 Clearcut harvesting of lodgepole pine with some single and group seed-tree 

reserves of Douglas-fir began in this area in 1978 in response to an earlier outbreak of 

MPB.  Depending on the original composition of the harvested stands and the degree of 

windthrow after harvesting, the number of residual Douglas-fir ranged from none to 1 or 

2 trees per ha in our candidate stands.  Lodgepole pine regenerated naturally after 

harvesting and was the dominant tree species in these young stands.  Our study area 

was made up of three harvested units with pre-thinning stand densities ranging from 

9,980 to 11,150 stems/ha.  Minor components of the stands included Douglas-fir, 

interior hybrid spruce (Picea glauca X P. engelmannii), subalpine fir (Abies lasiocarpa), 



 11

Ponderosa pine (Pinus ponderosa), willows (Salix sp.), Sitka alder (Alnus sinuata), and 

trembling aspen (Populus tremuloides). 

 At Summerland, in 2003, diameter at breast height (DBH, 1.3 m above the 

forest floor) ranged from 6.7 ± 0.2 cm (mean ± SE) to 13.1 ± 0.2 cm and stand height 

ranged from 5.4 ± 0.1 m to 6.8 ± 0.1 m.  In 2008, the mean stand diameter ranged from 

11.0 ± 0.9 cm to 16.8 ± 0.2 cm and mean stand height ranged from 6.7 ± 0.1 m to 8.8 ± 

0.1 m, with a mean age of 27 to 29 years. Area of stands ranged from 4.4 to 11.3 ha. 

 The Kelowna study area was located 37 km northwest of Kelowna, B.C. 

(50o04’N; 119o34’W) in the MSdm biogeoclimatic subzone.  Topography of this area is 

also gently rolling to flat with sandy loam soil at 1220-1240 m elevation.  This area was 

also clearcut harvested in 1979-1980 and regenerated naturally to lodgepole pine with 

the other coniferous species, including western larch (Larix occidentalis), as minor 

components.  One large unit (84.8 ha) with a pre-thinning density of 8,686 stems/ha 

was shaped in a horseshoe with an unharvested riparian buffer zone separating the two 

arms.  This riparian zone had a steep ravine and varied in width from 75 to 300 m.  The 

overall unit was separated into eight treatment stands as per the experimental design.  

An additional unit (12.6 ha) 0.5 km away was used as the unthinned stand. 

 At Kelowna, in 2003, the mean stand diameter ranged from 8.7 ± 0.2 cm to 

15.3 ± 0.2 cm and mean stand height ranged from 7.3 ± 0.1 m to 8.5 ± 0.1m. In 2008, 

the mean stand diameter ranged from 10.1 ± 0.3 cm to 19.2 ± 0.3 cm and mean stand 

height ranged from 8.8 ± 0.1 m to 10.9 ± 0.1 m, with a mean stand age of 27 to 28 

years. Area of stands ranged from 9.5 to 12.6 ha. 
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 The Cariboo study area was located in the Alex Fraser Research Forest 

(University of British Columbia), 75 km northeast of Williams Lake, B.C. (52o29’N; 

121o45’W) in the Sub-Boreal Spruce (SBSdk) biogeoclimatic zone (Meidinger and Pojar 

1991).  While this study area was located in a different zone than the two areas to the 

south, the MS and SBS zones have many similarities, including comparable mean 

winter and snow conditions (Meidinger and Pojar, 1991).  The general topography is 

gently rolling to flat at 850-870 m elevation.  In mature stands, interior hybrid spruce, 

subalpine fir and some Douglas-fir are mixed with extensive stands of lodgepole pine, 

which regenerated after wildfires.  This unit covered 80 ha and was clearcut harvested 

in 1976 followed by some natural regeneration and some planting of lodgepole pine in 

1983.  Pre-thinning stand density was 3,333 stems/ha.  Eight treatment stands were 

located on this unit.  Paired stands were contiguous on one side only.  A ninth treatment 

unit acted as the unthinned stand as per the experimental design. 

 In the Cariboo in 2003, the mean stand diameter ranged from 10.9 ± 0.3 cm to 

16.8 ± 0.4 cm and mean stand height ranged from 8.2 ± 0.1 m to 10.2 ± 0.2 m, with a 

mean stand age of 23 years.  Stands were not re-measured in 2008 because of MPB 

attack.  These stands were separated by 0.2 – 0.5 km. 

 The old-growth forest stand at Summerland had 120- to 140-year-old lodgepole 

pine and Douglas-fir with subalpine fir and spruce as minor components.  Douglas-fir 

also occurred throughout the stand in the veteran age class of 251+ years. The old-

growth stand at Kelowna was in the 140-250 year age class and dominated by Douglas-

fir with some lodgepole pine.  We did not have an old-growth stand at the Cariboo study 

area. 
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The 20-year study area had five lodgepole pine stands located at each of three 

replicate study areas in south-central B.C., Canada: Penticton Creek, Kamloops, and 

Prince George.  These areas were selected on the basis of having several thousand 

hectares of young lodgepole pine forest.  Stands within these tracts of young forest had 

relatively uniform tree cover and comparable diameter, height, and density of lodgepole 

pine trees prior to PCT.  Each replicate had four second-growth lodgepole pine stands 

(age range of 17 to 27 yrs); three of which were PCT to low (~ 500 stems/ha), medium 

(~1000 stems/ha) or high (~2000 stems/ha) density. The fourth stand was left 

unthinned.  The second-growth stands had very few remnant trees and snags remaining 

from previous stands.  There was also an old-growth lodgepole pine stand (age range 

160 to 250 years) as part of the set of treatment stands at each study area. 

The Penticton Creek study area was located 15 km northeast of Penticton 

(49°34’ N; 119°27’ W).  All stands were located in the Interior Douglas-fir (IDFdk) 

biogeoclimatic zone (Meidinger and Pojar, 1991).  Elevation of stands ranged from 1340 

to 1500 m.  Topography in the area is hilly with sandy loam soil, southeast aspect, and 

an average slope of 10%.  This area (several thousand ha) was burned by wildfire in 

1970, salvage logged in 1971, and planted with lodgepole pine in 1972.  Density of pine 

from natural regeneration ranged from 18,500-30,000 stems/ha.  Dominant coniferous 

species in these stands included lodgepole pine with a minor component of Douglas-fir, 

Engelmann spruce (Picea engelmannii), and western larch (Larix occidentalis).  

Dominant ground cover included willow (Salix spp.), Sitka alder (Alnus sinuata), 

grouseberry (Vaccinium scoparium), fireweed (Epilobium angustifolium), grasses, and 

Arctic lupine (Lupinus arcticus). 
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 Stands initially underwent PCT in 1978 to ca. 1000-2000 stems/ha.  Density of 

pine, 10-years post-thinning, exceeded 4000 stems/ha from additional ingress of pine.  

Three treatment stands were PCT again in 1988 to low, medium, and high densities.  At 

time of treatment, mean stand diameter ranged from 7.7 ± 0.1 cm to 8.5 ± 0.1 cm.  

Stand height ranged from 5.1 ± 0.1 m to 5.6 ± 0.1 m.  In 2003, mean stand diameter 

ranged from 14.1 ± 0.2 cm to 17.4 ± 0.3 cm and mean stand height ranged from 10.5 ± 

0.1 m to 11.7 ± 0.1 m.  In 2008, mean stand diameter ranged from 15.7 ± 0.2 cm to 19.7 

± 0.3 cm and mean stand height ranged from 12.1 ± 0.1 m to 13.5 ± 0.1 m.  All stands 

were 0.2-2.3 km apart and ranged in area from 20 ha (each of the thinned stands) to 

100+ ha (unthinned stand). 

 The Kamloops study area was located 30 km south of Kamloops (50°28’ N; 

120°32’ W).  All stands were located in the Montane Spruce (MSdm) biogeoclimatic zone 

(Meidinger and Pojar, 1991) and ranged in elevation from 1400 to 1500 m.  Topography 

is hilly with a northerly aspect.  This area (ca. 15,000 ha) was burned by wildfire in 1960 

and regenerated naturally to lodgepole pine to a density of ca. 20,000 stems/ha.  

Dominant coniferous species in these stands included lodgepole pine with a minor 

component of subalpine fir (Abies lasiocarpa) and hybrid spruce (P. engelmannii x P. 

glauca).  Dominant ground cover included Sitka alder, twinflower (Linnaea borealis), 

willow, fireweed, grasses, and Arctic lupine. 

 Two-hundred ha were PCT from 1975 to 1978 to ca. 1100-1600 stems/ha.  

Density of pine, 10-years post-thinning, exceeded 7000 stems/ha from additional 

ingress of pine.  Three treatment stands were PCT again in 1989 to low, medium, and 

high densities.  At time of treatment, mean stand diameter of pine ranged from 8.7 ± 0.1 
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cm (mean ± 1 S.E.) to 11.7 ± 0.2 cm and stand height ranged from 8.2 ± 0.1 m to 8.6 ± 

0.1 m.  In 2003, mean stand diameter and height ranged from 14.0 ± 0.2 cm to 19.3 ± 

0.2 cm and 12.5 ± 0.1 m to 14.3 ± 0.4 m, respectively. In 2008, mean stand diameter 

and height ranged from 16.6 ± 0.2 cm to 19.5 ± 0.2 cm and 13.5 ± 0.1 m to 15.3 ± 0.4 

m, respectively.   All stands were 0.5-5.0 km apart and ranged in area from 15 to 22 ha 

(thinned stands) to 100+ ha (unthinned stand).   

 The Penticton old-growth stand was dominated by lodgepole pine with a relative 

abundance of 44% followed by spruce (39%) and subalpine fir (17%) for overstory 

trees.  The Kamloops stand was dominated by subalpine fir (64%) with lesser 

proportions of somewhat larger diameter pine and hybrid spruce.  Heights of overstory 

trees ranged from 17.7 m to 23.6 m and were similar in all stands.  Density (stems/ha) 

of overstory trees was 1090 at Penticton and 710 at Kamloops. 

 

 3.3 Treatments 

At the 15-year study area, the initial treatment was PCT at an appropriate time to 

maximize the growth response potential before the stands experienced growth 

repression.  This thinning was done at an operational scale in the late summer-early fall 

of 1993.  The objective was to establish research areas at a real-world scale that 

allowed for rigorous measurements of the various response variables.  Fertilization 

(optimum nutrition regime) was conducted in the fall of 1994, spring 1997, fall periods of 

1998 and 2000, and spring 2003.  Optimum nutrition studies are designed to 

approximate the concept of “steady-state” nutrition, whereby small, balanced supplies of 

nutrients in solution are provided at rates consistent with estimated demand (Ingestad 
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1987; Raison and Myers 1992).  These field experiments are less tightly controlled than 

steady-state studies, with nutrients applied less frequently, usually in solid form, and in 

larger amounts per application.  In addition, foliar nutrient levels are monitored so that 

the rates and frequency of nutrient additions can be adjusted to maintain elevated foliar 

nutrient levels over a prolonged period.  Pruning of all crop trees in the 250, 500, and 

1000 stems/ha stands at each of the study areas was conducted in September-October 

1998. 

 At the 20-year study area, PCT was conducted after the growing season in fall of 

1988 at the Penticton and Prince George study areas, and in fall of 1989 at the 

Kamloops study area.  There was no treatment of slash, from the PCT, in these stands, 

which is standard practice in B.C.  Trees in low-density stands were pruned to a 2.8-m 

lift (above ground level) at Penticton (October 1992) and Kamloops (September 1992).  

Densities of pine (stems/ha) in unthinned stands were 5000 at Penticton and 6000 at 

Kamloops in 1988.  These densities were 3710 and 4820, respectively, in 2008.  

  

 3.4 Coniferous Stand Structure 

Sampling of coniferous tree species in layers in 0-1, 1-2, 2-3, and >3 m height 

classes was done in a 5.64-m radius circular plot (100 m2) at 20 points systematically 

located at 50-m intervals throughout each managed stand.  Ten plots were sampled in 

each of the unthinned and old-growth stands.  For all trees in a given plot, species, dbh 

(diameter at breast height, 1.3 m above soil surface), and total height were tallied.  A 

fifth class was added for lodgepole pine crop trees, and a sixth class for veteran (≥ 50 

cm dbh) trees for the uncut forest stands. Tree layers were defined as “understory” (< 3 
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m height), “overstory” or “dominant layer” (> 3 m height), and “veteran layer” 

(mature/old-growth stands).  These veteran or “emergent” trees have survived previous 

wildfire disturbance (old-growth stands) or been retained as seed-trees.  Coniferous 

stand structure was represented by species diversity and structural diversity of these 

layers of coniferous trees. Both diversity measurements utilized the Shannon-Wiener 

which is well represented in the ecological literature (Burton et al., 1992; Magurran, 

2004).   

 

 3.5 Understory Vegetation 

 Three 25-m transects, consisting of five 5-m x 5-m plots were systematically 

located in each stand following the method of Stickney (1980).  Each plot contained 

three sizes of nested subplots: a 5-m x 5-m plot for sampling trees, a 3-m x 3-m subplot 

for sampling shrubs; and a 1-m x 1-m subplot for sampling herbs.  Tree, shrub, and 

herb layers 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 percentage cover of the ground 

was made for each species height class combination within the appropriate nested 

subplot.  Total percentage cover for each layer was also estimated.  These data were 

then used to calculate crown volume index (m3/0.01 ha) for each plant species 

(Stickney, 1980).  The product of percent cover and representative 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 0.01-ha base to produce a tabular value given for each species 

and layer (herbs, shrubs, and trees).  Sampling was done July 2008. Grasses were not 
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identified to species.  Plant species were identified in accordance with Hitchcock and 

Cronquist (1973), Parish et al. (1996), and MacKinnon et al. (1992). 

 Habitat diversity was measured by species richness and structural diversity of all 

vascular plants.  Species richness was the total number of species sampled for the 

plant (herbs, shrubs, and trees) communities in each stand (Krebs, 1999).  Structural 

diversity utilized the Shannon-Wiener index with plant species represented by height 

classes and the amount (crown volume index) of vegetation in each class. This index is 

well represented in the ecological literature (Burton et al., 1992; Magurran, 2004).   

 

 3.6 Mammalian Herbivores 

 Relative habitat use by the three herbivore species was measured for the 15- 

and 20-year studies by counting and removing all fecal pellets of snowshoe hares 

(Litvaitis et al., 1985; Koehler, 1990a; Ferron et al., 1998), and fecal pellet-groups of 

mule deer and moose (Neff, 1968; Loft and Kie, 1988; Edge and Marcum, 1989) within 

permanent sample plots.  We used 5.0-m2 circular plots that were larger than the typical 

circular plots of 1.0 m2 recommended for snowshoe hares by McKelvey et al. (2002) 

and Murray et al. (2002).  This plot size and configuration were chosen to accommodate 

concurrent sampling of fecal pellets and pellet-groups of the three herbivore species.  

Plots were located systematically, in five-plot arrays installed at stations every 50 m, 

throughout each stand at the three study areas.  Numbers of sample plots per stand 

ranged from 55 to 145 at Summerland, 60 to 140 at Kelowna, and 35 to 100 at the 

Cariboo study area.  One hundred plots were located systematically, in 5-plot arrays 

installed at each of 20 stations located every 50 m, throughout each stand at the 
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Penticton and Kamloops study areas.  Plot boundaries were delineated using a 1.26 m 

rope attached to and rotated around the center stake.  Plots were cleared of all pellets 

at the last sampling time in fall 2003 (Sullivan et al,. 2006a, 2006b, 2007). Pellet counts 

were conducted again in the spring of 2008.  New pellet-groups had to have a minimum 

of 20 pellets per group.  All sample plots at a given study area were assessed by the 

same observers at each sampling time.  Pellet-groups located on the edge of a sample 

plot had to have 50% or more of the group within the plot to be counted.  Hare pellets 

located near the plot circumference were included or not, depending on where the end 

of the rope passed, on the circumference, as the plot was surveyed.  Pellets were not 

included if they were incorporated into the duff and litter layers as these pellets were 

likely deposited prior to the initial plot clearing.  Such pellets from hares were nearly 

always a darker color with a lack of light brown or green material in the center of the 

pellets when broken open (Krebs et al., 1987).  Pellet degradation was likely not an 

issue as only new pellets deposited during the 4-year period were counted (although 

see Sullivan et al., 2002 and Murray et al., 2005).  Density of pellets was estimated per 

5 m2 plot and then converted to a per-ha basis.   

 

 3.7 Statistical Analysis 

A randomized block 2-way ANOVA-Model III (Zar, 1999), with stand (5 stand 

treatments) as a fixed effect and block as a random effect (SPSS Institute Inc., 2007) 

was used to evaluate differences in mean pellet and pellet-group densities per ha, with 

respect to stand density and fertilization.  This same analysis was used to evaluate 

differences in abundance, species diversity, and structural diversity of coniferous tree 
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layers (Sullivan et al., 2006c).  Where necessary, data were log-transformed to better 

approximate homogeneity of variance as measured by the Levene statistic (Fowler et 

al., 1998). 

 Regression analyses with curve estimations (Zar, 1999) were used to determine 

the relationships between relative habitat use (as indicated by pellet and pellet-group 

densities per ha) and several vegetation attributes.  These attributes included measures 

of  crown volume index of herbs and shrubs, total species richness, total species 

diversity, total density of overstory (> 3 m height) and understory (< 3 m height) trees, 

and coniferous stand structure.   

 Duncan’s multiple range test (DMRT) was used to compare mean values.  In all 

analyses, the level of significance was at least P = 0.05. 

 

4.0  Results 

 4.1 Relative Habitat Use-PCT and Stand Density 

 Relative habitat use by snowshoe hares, based on mean abundance of pellets, 

was significantly (F4,12=4.78; P=0.02) different among stands when comparing the low, 

medium, high, unthinned, and old-growth stands in the two study areas (15-year and 

20-year responses) combined (Figure 1a).  Mean number of pellets was higher (DMRT; 

P=0.05) in the four young stands of lodgepole pine than in the old-growth stands.  

Relative habitat use by hares also seemed greater (1.8 to 2.0 times) in the high-density 

than low and medium density (500-1000 stems/ha) stands. Similarly, hare activity was 

2.1 to 4.2 times higher in the unthinned stands (range of 2660 to 8700 stems/ha) than 
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thinned stands. However, there was considerable variability in the higher-density stands 

(Figure 1a). 

 Mean abundance of fecal pellet-groups of mule deer in this same set of stands 

was similar (F4,12=1.60; P=0.24) among stands, with the low, medium, high, and old-

growth stands tending to be higher (2.0 to 2.5 times) than the unthinned stands (Figure 

1b).  This measure of relative habitat use for moose was also similar (F4,12 =2.34; 

P=0.11) among stands (Figure 1c). Again, although variable, mean abundance of 

moose pellet-groups in the low-density stand was 7.3 times higher than in the old-

growth stands.  The other stands also followed this pattern, which might provide a 

degree of biological significance. 

 The long-term influence of PCT on these three species was further investigated 

by comparing the four densities (very low, low, medium, and high) of managed stands, 

at 15 years after treatments were initiated at the Summerland, Kelowna, and Cariboo 

replicate study areas.  Relative habitat use by hares was significantly (F3,6=8.55; 

P=0.01) different among stands, with the high-density (range of 1290 to 1635 stems/ha) 

having a greater (DMRT; P=0.05) number of pellets per ha than the other three stand 

densities (Figure 2a).  This difference was 2.9 to 4.0 times as many hare pellets in the 

high-density than other stands. 

 Mean abundance of mule deer pellet-groups at 15 years after PCT was similar 

(F3,6=0.07; P=0.97) among stands (Figure 2b), and hence stand density seemed to 

have no effect on relative habitat use by this ungulate.  This result was also recorded in 

the above combined analysis, whereby the number of deer pellet-groups in the three 

PCT densities was reasonably similar, and tended to be greater than that of the 
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unthinned stand (Figure 1b).  This same pattern was recorded for mean abundance of 

moose pellet-groups where the very low density stand appeared to have higher use, but 

the results were not significant (F3,6=2.45; P=0.16) (Figure 2c).  However, in terms of 

biological significance, mean number of moose pellet-groups was 3.1 to 3.9 times 

greater in the very low density than other stands. 

 

 4.2 Relative habitat use-Fertilization 

 The long-term effects of fertilization on these three species were evaluated at the 

Summerland, Kelowna, and Gavin Lake study areas.  Mean abundance of hare pellets 

was similar (F1,2=0.98; P=0.43) between fertilized and unfertilized stands (Figure 3a).  

Relative habitat use by deer also followed this pattern of similarity (F1,2=1.08; P=0.41) 

(Figure 3b).  Mean abundance of moose pellet-groups tended towards higher relative 

habitat use in fertilized than unfertilized stands but this difference was not formally 

significant (F1,2=14.27; P=0.06).  The mean number of moose pellet-groups was 2.1 

times higher in the fertilized than unfertilized stands (Figure 3c).  There were no 

significant interactions between density and fertilization in these analyses. 

 A further investigation of the impact of density and fertilization at 15 years post- 

treatments indicated that mean abundance of hare pellets varied considerably across 

treatments, with the majority of pellets (63.9%) recorded in the 2000, 2000F, and 

unthinned stands (Figure 4a).   The other lower-density stands, both fertilized and 

unfertilized) had 36.1% of hare pellets. Conversely, 38.2% of deer pellet-groups were in 

the very low density (range of 237 to 275 stems/ha) stands (Figure 4b).  This pattern 

was also recorded for relative habitat use by moose where 49.4% of all pellets 
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appeared in these very low density stands and 62.3% of moose pellet-groups, overall, 

occurred in the fertilized stands (Figure 4c). 

 

 4.3  Herbivores and Stand Structure 

 Mean crown volume index of herbs was similar (F4,12=0.59; P=0.68) among  the 

three thinning densities, unthinned, and old-growth stands (Table 2).  Mean shrub 

volume also followed this pattern, but did approach significance (F4,12=2.90; P=0.07).  

Shrub volume tended to be 1.9 to 4.2 times greater in the low-density (500 stems/ha) 

than other stands (Table 2).  Mean density of overstory trees was significantly 

(F4,11=9.39; P<0.01) different among stands, with the unthinned stands having the 

highest (DMRT; P=0.05) number of conifers at 4973 stems/ha (Table 2).  Mean density 

of understory trees was not formally significant (F4,11=3.09; P=0.06), with high variability 

in number of understory conifers in the old-growth stands (Table 2).  Otherwise, there 

tended to be 1.6 to 2.4 times as many understory conifers in the low-density than other 

young pine stands.   Species diversity of conifers was similar among stands, but 

structural diversity was significantly (F4,11=25.07; P<0.01) different with the three thinned 

stands having greater (DMRT; P=0.05) levels of diversity than either the unthinned or 

old-growth stands (Table 2).  Mean total species richness and species diversity of all 

vascular plants were similar among stands. 

 Mean crown volume index of herbs and shrubs were similar between fertilized 

and unfertilized stands (Table 3).  However, herb volume did tend to be 1.9 times 

greater in the fertilized than unfertilized stands.  Again, mean total species richness and 

species diversity of all vascular plants and mean species diversity of conifers were 



 24

similar between stands (Table 3). Mean structural diversity of conifers was significantly 

(F1,14=6.24; P=0.03) greater in the unfertilized (1.88) than fertilized (1.72) stands. 

 Relationships of relative habitat use of the three herbivore species to stand 

structure variables were considered if they were at least marginally (P<0.10) significant.     

There was a positive (r=0.83; P<0.01) relationship between relative habitat use by hares 

and overstory tree density (Figure 5).  Further investigation of this relationship indicated 

that mean abundance of understory conifers (advance regeneration) was inversely 

(r=0.59; P<0.01) related to overstory tree density, at least up to 1600 stems/ha (Figure 

6a).  This layer of coniferous foliage likely contributed to the significant (r=0.55; P=0.03) 

quadratic relationship of hare habitat use and overstory density of conifers from 230 to 

about 1600 stems/ha (Figure 6b). There were no other relationships between relative 

habitat use of hares and stand structure variables.  

 There were positive relationships between relative habitat use of moose and 

shrub volume in PCT stand comparisons (r=0.54; P=0.06) (Figure 7a), and in fertilized 

to unfertilized stand comparisons (r=0.45; P=0.09) (Figure 8b). The response of moose 

habitat use to herb volume also followed this pattern (r=0.49; P=0.05) (Figure 8a).  The 

only near significant relationship for relative habitat use by mule deer was an inverse 

trend (r=0.56; P=0.09) with conifer structural diversity (Figure 9a).  Moose and conifer 

structural diversity (r=0.64; P=0.03) also followed this inverse pattern, but not initially at 

low levels of diversity (Figure 9b). 
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5.0  Discussion  
 
 5.1 Snowshoe Hares 

 The responses of snowshoe hares to PCT at 15-20 years after treatment 

followed a similar pattern as that recorded at earlier stages of succession in these same 

stands (Sullivan et al., 2006a, 2007).  Hares clearly preferred high-density thinned (> 

1500 stems/ha) and unthinned (> 2600 stems/ha) stands of pine.  Such dense stands 

provided sufficient cover of coniferous trees and the substantial abundance of 

understory conifers (advance regeneration), in the lower-density stands, provided the 

essential heavy cover of lateral branches (Koehler, 1990a; Litvaitis et al., 1985).  This 

increase in relative habitat use by hares in the lower-density stands was 1.90 times 

higher than that reported by Sullivan et al. (2006a) at 10-years post-treatment.  It could 

be argued that our current (2008) pellet counts represented a multi-year (2003-2008) 

count that was significantly more than the annual counts from a five-year period 

reported by Sullivan et al. (2006a).  However, only those pellets on the surface of the 

forest floor were counted in 2008 and were likely deposited in the last year or two. 

 The important point is that thinned stands change through time, particularly those 

at lower (< 2000 stems/ha) densities, often with substantial development of the 

coniferous understory.  This aspect of succession seems to be overlooked by several 

studies that are relatively short-term, recent PCT treatments, and have concluded that 

PCT was detrimental to snowshoe hare populations (Koehler, 1990b; Ausband and 

Baty, 2005; Bull et al., 2005; Griffin and Mills, 2007; Homyack et al., 2007).  

Alternatively, maintaining understory complexity (cover), particularly of conifers, may 

mitigate the negative effects of PCT on hares, particularly by reducing predation 
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pressure during winter seasons (Beaudoin et al., 2004; Etchevery et al., 2005; Homyack 

et al., 2005).  Herb and shrub vegetation may also respond to PCT, but seemed to have 

little effect on relative habitat use by hares in our study or those earlier investigations 

(Sullivan et al., 2006a, 2007). 

 Several studies have recommended PCT with reserves of unthinned patches 

within target stands to provide some natural variation of young stand structure (Ausband 

and Baty, 2005; Bull et al., 2005; Griffin and Mills, 2007).  This approach includes hiding 

cover from predators, in retention patches that would presumably be high-density 

stands or thickets of conifers.  Our data support this premise in terms of a positive 

relationship of hare habitat use with conifer overstory density.  However, in some 

situations, reserves of unthinned stands or a reduction in spacing distances between 

crop trees (e.g. high-density stands) might compromise silvicultural objectives and cost 

efficiencies of PCT treatments.  Therefore, alternative prescriptions of a range of stand 

densities (particularly to ≤ 1000 stems/ha) with fertilization could help offset the reduced 

abundance of hares associated with PCT. 

 

 5.2 Mule Deer and Moose 

 A common tendency for highest relative habitat use by mule deer was in the very 

low density (250 stems/ha) stands with comparable mean pellet-group counts across 

the low-, medium-, and high-density stands.  The lack of a formal significant difference 

among stand densities for deer habitat use was also reported by Sullivan et al. (2006b, 

2007).  However, the comparable mean abundance of deer pellet-groups in thinned 

young stands and old-growth stands suggested that these managed forests may be 
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moving towards range conditions suitable for mule deer (Carey and Curtis, 1996; Hayes 

et al., 1997).  Although fertilization enhanced relative habitat use by deer in summer 

(but not winter) months at 10 years after initiation of treatments (Sullivan et al., 2006b), 

such results were not evident in our current measurements of these same stands.  It 

was possible that the fertilization effect may have waned in these stands since the last 

optimum nutrition application in spring 2003.  The lack of positive responses by the 

components of understory vegetation in the fertilized stands in 2008 may have resulted 

in less use of these stands by deer than recorded earlier (Sullivan et al., 2006b).  The 

only significant deer-habitat relationship indicated that habitat use by this ungulate 

declined with conifer structural diversity.  Although not always consistent, this measure 

of structural diversity tended to be less in the very open (~250 stems/ha) stands. 

 The similar pattern of consistently higher relative habitat use of low-density 

stands by moose, to that of mule deer, was also recorded in our earlier measurements 

(Sullivan et al., 2006b, 2007).  However, fertilization tended (P=0.06) to enhance habitat 

use by moose in stands up to 1000 stems/ha and the positive relationship with 

abundance of herbs and shrubs likely reflected a vegetation response detected by 

moose, but perhaps not by deer.  Moose preference for fertilized and relatively open 

stands was similar for forestry-moose interactions in Scandinavia (Lavsund et al., 1987; 

Ball et al., 2000).  Moose often browse both conifers and deciduous trees in fertilized 

plantations creating a difficult regeneration problem in forests of northern Europe 

(Edenius, 1993; Ball et al., 2000). 
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 5.3  Experimental and Sampling Design 

 Our study is the first long-term (15 and 20 years since the initiation of PCT and 

fertilization) evaluation of the responses of these three mammalian herbivores to 

silvicultural treatments of second-growth lodgepole pine forests. To augment the 20-

year response dataset on PCT, which was deficient because of loss of stands to MPB 

attack, we added the same stand treatments (low-, medium-, and high-density, 

unthinned, and old-growth) from the 15-year study area for a total of four true replicate 

sites (Hurlbert, 1984).  The investigation of mammal responses to fertilization had three 

replicate sites at 15-years after start of treatments as per the original experimental 

design (Lindgren et al., 2007).  As discussed by Lindgren et al., (2007) the scope of our 

inferences may be extrapolated to lodgepole pine stands and habitats throughout the 

southern interior of B.C.  These inferences were responses of relative habitat use of 

snowshoe hares, deer, and moose to silvicultural practices of PCT and fertilization at 

15-20 years after the onset of treatments. 

 Our sampling design represented cumulative counts of fecal pellets and pellet-

groups that were removed from permanent plots.  Initially in the 1998-2003 period, we 

counted and removed all pellets and pellet-groups from each plot in spring and autumn 

of each year.  Thus, we had an annual and seasonal distribution of pellets and pellet-

groups among stands.  In the current study, we sampled all plots once in May 2008 with 

the sample representing a 5-year period 2003-2008.  However, it was very likely that the 

majority of pellets and pellet-groups had been deposited in the last year or two.  We 

counted only those fecal pellets and pellet-groups on the surface of the forest floor. 
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 Hodges and Mills (2008) outline recommendations for the design of fecal pellet 

surveys of snowshoe hares.  These authors recommend 0.155 m2 rectangles or 1 m2 

circles for optimum precision and efficiency of surveys.  We acknowledge their 

concerns, but needed a compromise in plot size and configuration to sample 

concurrently for habitat use by the three mammalian herbivores.  Thus, we used 5 m2 

circles which were large for hares, but adequate for deer and moose.  Our study was a 

multi-stand sampling regime (37 stands in five geographic locations) with number of 

sample plots ranging from 35 to 145 depending on area of stand.  These plots had 

relatively high mean hare pellet counts.  Thus, we attempted to combine replication 

across stand treatments with a reasonably high per-stand accuracy and precision.  A 

discussion of the limitations of fecal pellet-group counts for deer and moose was 

provided by Sullivan et al. (2006b). 

 

6.0  Conclusions 

 

 Our hypotheses that (1) large-scale PCT and repeated fertilization at 15 years 

after treatment, and (2) large-scale PCT at 15-20 years after the onset of treatments, 

would enhance relative habitat use by hares, mule deer, and moose in managed stands 

compared with mature/old-growth stands were partly supported.  Relative habitat use by 

snowshoe hares started to fit the predicted pattern with higher activity in the unthinned 

and high density (1290 to 1580 stems/ha) stands.  This trend was further accentuated 

by the increase in understory conifers in lower-density (≤ 1000 stems/ha) stands, both 

fertilized and unfertilized, that provided essential cover for hares.  This change in stand 
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structure presumably increased their degree of habitat use at 15 compared to 10 years 

since the onset of PCT and fertilization treatments. 

 Relative habitat use by mule deer appeared to be enhanced in very low-density 

(~250 stems/ha) stands; with comparable levels of use in the other managed stands 

(500-2000 stems/ha) and old-growth stands.  There were no significant relationships 

between mule deer and habitat components of abundance or diversity of understory 

vegetation, nor with fertilization.  Deer habitat use declined with an increase in conifer 

structural diversity that may have been related to preference for open stands. 

 Relative habitat use by moose also tended to be enhanced in managed stands, 

particularly very low-density, and generally greater than in unthinned or old-growth 

stands.  Fertilization further enhanced this response with positive habitat relationships 

for moose with abundance of herbs and shrubs. 
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Table 1 :.  Experimental design for each of the 15-year and 20-year studies.  T = 

thinned; F = fertilized. 

15-year study  

 Stand density and treatment 

 250  500 1000 2000  Unthinned

 T T+F T T+F T T+F T T+F Unth 

Replicate a          

1 A B C D E F G H I  J 

2 A B C D E F G H I  J 

3 A B C D E F G H I  J 

20-year study 

 

Stand density and treatment 

 500 1000 2000 Unthinned Old growth  

 T T T Unth OldGr  

Replicate b       

1 A B C D E  

2 A B C D E  

a Replicate 1 = Summerland, 2 = Kelowna, 3 = Cariboo study areas. 
b Replicate 1 = Penticton, 2 = Kamloops study areas. 
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Table 2:  Mean (n = 4 replicate stands) ± SE crown volume index (m3/0.01 ha) of herbs and shrubs, tree densities per ha, 

and diversity measurements for the five stand treatments.  Columns of mean values with different letters were significantly 

different by DMRT. 

      Significance 

Habitat attributes Low Medium High Unthinned Old growth  F4,12 P 

Volume        

     Total herbs 8.05 ± 0.30 10.13 ± 1.82 7.79 ± 0.30 8.15 ± 3.37 7.74 ± 2.94 0.59 0.68 

     Total shrubs 28.61 ± 7.21 12.36 ± 5.55 6.84 ± 3.01 14.86 ± 8.11 7.16 ± 2.45 2.90 0.07 

Density of trees (stems/ha)        

     Overstory (>3m ht)  476 ± 30b 891 ± 21b 1417 ± 63b 4973 ± 1318a 970 ± 130b 9.391 <0.01 

     Understory(<3m ht) 2203 ± 346 1257 ± 296 920 ± 300 1354 ± 453 11453 ± 6502 3.091 0.06 

Diversity        

     Conifer species diversity 1.10 ± 0.29 1.45 ± 0.19 1.21 ± 0.08 1.41 ± 0.19 0.60 ± 0.45 1.281 0.34 

     Conifer structural diversity 1.94 ± 0.01a 1.80 ± 0.08ab 1.75 ± 0.07ab 1.58 ± 0.10b 0.82 ± 0.25c 25.071 <0.01 

     Total species richness 20.67 ± 2.73 18.00 ± 1.48 17.25 ± 3.07 17.92 ± 2.04 16.09 ± 2.14 1.01 0.44 

     Total species diversity 1.41 ± 0.26 1.14 ± 0.14 0.67 ± 0.19 1.00 ± 0.28 1.20 ± 0.18 2.13 0.14 

1 F4,11 
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Table 3:  Mean (n = 12 replicate stands) ± SE crown volume index (m3/0.01 ha) of herbs 

and shrubs, tree densities per ha, and diversity measurements for fertilized and 

unfertilized stands at 15 years after initiation of fertilization treatments. 

   Significance 

Habitat attributes Fertilized Not fertilized F1,22 P 

Volume     

     Total herbs 22.22 ± 4.99 11.49 ± 1.59 2.81 0.11 

     Total shrubs 28.63 ± 7.52 19.52 ± 3.69 0.31 0.58 

Diversity     

    Conifer species diversity 1.36 ± 0.10 1.02 ± 0.18 2.721 0.12 

     Conifer structural diversity 1.72 ± 0.06 1.88 ± 0.03 6.241 0.03 

     Total species richness 19.08 ± 1.49 23.20 ± 2.32 2.22 0.15 

     Total species diversity 1.84 ± 0.21 1.74 ± 0.23 0.10 0.76 

1 F1,14 
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List of figures 
 
Figure 1.  Mean (n=4 replicate sites) number ± SE per ha of (a) snowshoe hare pellets, 

(b) mule deer pellet-groups, and (c) moose pellet-groups in the five treatment stands. 

Low: low density (range 500 stems/ha); Med: medium density (range 1000 stems/ha); 

High: high density (range 2000 stems/ha); Unth: unthinned (range >3000 stems/ha); Old 

G: old-growth (range  710-1110 stems/ha).  Mean values with different letters were 

significantly different by DMRT (P=0.05). 

 

Figure 2.  Mean (n=6 replicate sites) number ± SE per ha of (a) snowshoe hare pellets, 

(b) mule deer pellet-groups, and (c) moose pellet-groups in the four treatment stands. 

Very low: very low density (range 250 stems/ha); Low: low density (range 500 

stems/ha); Med: medium density (range 1000 stems/ha); High: high density (range 2000 

stems/ha). Means were averaged across two treatments (fertilized and unfertilized) 

stands at three study areas. Mean values with different letters were significantly 

different by DMRT (P=0.05). 

 

Figure 3.  Mean (n=12 replicate sites) number ± SE per ha of (a) snowshoe hare pellets, 

(b) mule deer pellet-groups, and (c) moose pellet-groups in the not fertilized and 

fertilized stands.  Means were averaged across four thinning densities (250, 500, 1000, 

2000 stems/ha) at three study areas. 
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Figure 4.  Mean (n=3 replicate sites) number ± SE per ha of (a) snowshoe hare pellets, 

(b) mule deer pellet-groups, and (c) moose pellet-groups in the nine treatment stands 

(stems/ha) during the five-year period (2003-2008).  F, fertilized; Unth, unthinned. 

 

Figure 5.  Regression of (a) mean number of snowshoe hare pellets and overstory 

stand density. 

 

Figure 6.  Regressions of (a) coniferous advance regeneration and overstory stand 

density and (b) relative habitat use by snowshoe hares (number of pellets/ha) and 

overstory stand density. 

 

Figure 7.  Regression of (a) mean number of moose pellet-groups and shrub volume in 

PCT stand density comparisons. 

 

Figure 8.  Regressions of mean number of moose pellet-groups and (a) herb volume 

and (b) shrub volume in the PCT and fertilization stand comparisons. 

 

Figure 9.  Regressions of mean number of (a) mule deer pellet-groups and (b) moose 

pellet-groups with conifer structural diversity in the PCT and fertilization stand 

comparisons.  
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Figure 1. 

 

0

20

40

60

80

100

120

140

Low Med High Unth Old G

M
ea

n 
pe

lle
ts

/h
a 

(X
 1

00
0)

(a) Snowshoe hares

a

b

a

a

a

0

100

200

300

400

500

600

700

800

Low Med High Unth Old G

M
ea

n 
pe

lle
t-g

ro
up

s/
ha

(b) Mule deer

0

50

100

150

200

250

300

350

400

Low Med High Unth Old G

M
ea

n 
pe

lle
t-g

ro
up

s/
ha

(c) Moose



 46

Figure 2. 
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Figure 3. 
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Figure 4.  
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Figure 6. 
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Figure 7. 
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Figure 8. 
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Figure 9. 
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