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1.0 Executive Summary 
 
  Variable retention harvests or “green-tree retention systems” are an important 

management component of temperate zone coniferous forests.  Green-tree retention 

may help enhance functional links among forest structures, ecological processes, and 

biological diversity found in natural forest ecosystems.  This project was designed to 

determine if (i) diversity of stand structure attributes (species diversity and structural 

diversity of herb, shrub, and tree layers), (ii) abundance and diversity of forest floor 

small mammal communities, and (iii) relative habitat use by mule deer, will decline with 

decreasing levels of tree retention.  This document reports on progress for year 4 of the 

4-year project, Phase 2 (2000-2003), which was 5- to 8-years post-harvest. 

  Stand structure attributes and communities of forest floor small mammals were 

sampled in replicated clearcut, single seed-tree, group seed-tree, patch cut, and uncut 

forest sites in mixed Douglas-fir (Pseudotsuga menziesii) - lodgepole pine (Pinus 

contorta) forest in southern British Columbia, Canada.  Habitat use by mule deer was 

measured annually 2000 to 2003. 

  Clearcut, single seed-tree, and group seed-tree sites had similar mean basal 

areas of residual trees, ranging from 0.1 to 2.5 m2/ha, with significantly higher levels on 

patch cut (23.4 m2/ha) and uncut forest (39.0 m2/ha) sites.  Mean densities of residual 

trees also followed this pattern, ranging from 0.7 to 16.3 stems/ha on the clearcut to 

group seed-tree sites, to 769.4 and 2050.0 stems/ha on the patch cut and uncut forest 

sites, respectively.  Mean diameters of trees in the 30-60 cm and >60 cm classes were 

similar across treatment sites. 
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  Mean volume (m3/ha) of down wood was similar among treatment sites ranging 

from 116.7 in the single seed-tree to 210.2 in the patch cut sites.  Harvested sites had 

more small (<5 cm) and medium (5-25 cm) diameter pieces of down wood than the 

uncut forest sites.  Mean total crown volume index of herbs, shrubs, mosses, and 

lichens continued to be similar among sites.  Crown volume index of trees was highest 

in patch cut and uncut forest sites.  Mean species richness of herbs, shrubs, and total 

plants also continued to be similar among sites.  Mean richness of trees in seed-tree 

sites was similar to that in uncut forest in most post-harvest years.  Mean species 

diversity of herbs was similar, but that of shrubs and trees was generally lowest in the 

patch cut sites, and similar among the other sites. 

  Mean total abundance, species richness, and species diversity of small 

mammals was similar among sites for these measurements 2000 to 2003.  Late 

successional forest species such as red-backed voles and early successional, but 

mycophagist, northwestern chipmunks persisted on the group seed-tree harvested sites 

during the high abundance years of 1997 and 1998 (see Sullivan and Sullivan, 2001).  

In subsequent years, mean numbers of red-backed voles were highest in uncut forest 

sites.  Relative habitat use by mule deer (Odocoileus hemionus) was highest in the 

seed-tree sites during summer periods and highest in the group seed-tree, patch cut 

and uncut sites in winter periods. 

 Our investigation has determined the influence of residual fir density and basal 

area on stand structure and mammal communities up to 8 years post-harvest.  These 

results will provide guidelines for fir retention levels on harvested fir-pine forest units at 
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a landscape scale, as well as two scientific manuscripts for publication and an extension 

brochure; to be completed in 2004. 

 

2.0 Introduction 
 

Variable retention harvests or “green-tree retention systems” are becoming a 

standard component of harvest prescriptions for temperate zone coniferous forests.  

This gradient of tree retention utilizes variations of silvicultural systems from seed-tree, 

shelterwood, patch, and selection cutting (Smith, 1986; Franklin et al., 1997).  

Conventional silvicultural systems evolved to manage forests sustainably but 

unfortunately the methods have not come anywhere near their potential application, 

particularly in North America.  Forest harvesting has been dominated by clearcutting, 

but variable retention harvests have become more common over the past decade. 

 In mixed stands of Douglas-fir (Pseudotsuga menziesii) and lodgepole pine 

(Pinus contorta) in the southern interior of B.C., pine is often harvested by clearcutting 

and the fir is left as residual standing trees.  These “seed trees” occur either singly or in 

groups and provide a source of fir regeneration to provide a secondary species to 

lodgepole pine, which regenerates naturally from abundant cone slash.  They also 

provide components of old-growth or mature-forest habitat such as horizontal and 

vertical stand structure and a source of snags and down wood in the future forest.  

Seed-tree systems in these mixed forest types emulate a natural disturbance whereby 

some residual old-growth Douglas-fir survive amidst fire-regenerated stands of 

lodgepole pine and fir. 
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 Large-scale harvest studies in mature, late successional forests are lacking 

(Aubry et al., 1999).  However, some retrospective studies investigating potential long-

term consequences of green-tree retention in two-tiered (two-aged) stands have been 

conducted.  The effects of green-tree retention on biodiversity include impacts on 

growth and tree species composition of future forests where past wildfire was used as 

an analogue for timber harvest (Rose and Muir, 1997; Zenner et al., 1998), canopy 

lichen communities (Peck and McCune, 1997; Sillett and Goslin, 1999), understory 

vegetation (North et al., 1996), and stand structural complexity (Zenner, 2000).  Canopy 

tree retention and diversity of birds has been reported by Hansen and Hounihan (1996), 

and Chambers and McComb (1997).  Sullivan et al. (2000) conducted a retrospective 

study on stand structure attributes and small mammal communities in a seed-tree 

silvicultural system at 17 to 19 years after harvest. 

 Forest floor small mammal communities may provide a measure of ecosystem 

function within temperate coniferous forests (Maser et al., 1978; Aubry et al., 1991; 

Carey and Johnson, 1995; Pearson, 1999).  There are several ecological roles 

associated with small mammals such as consumption of invertebrates (Buckner, 1966), 

distribution of beneficial mycorrhizal fungi (Ure and Maser, 1982), consumption of plants 

and plant products (Sullivan et al., 1990; Carey et al., 1999), and serving as prey for a 

wide variety of avian, reptilian, and mammalian predators (Martin, 1994; Carey and 

Johnson, 1995).  Thus, abundance and diversity of forest floor small mammals, as a 

group, may serve as indicators of change in forest structure.  

 Large herbivorous mammals such as mule deer (Odocoileus hemionus) may also 

be affected by variable retention harvests.  Habitat use by this species is particularly 
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important during winter periods.  This is an ongoing issue with respect to winter range 

conditions in and near harvested units in forests of the southern interior of B.C. 

 As a component of a forest ecosystems study with large-scale (operational) 

treatments across a range of variable retention harvests, we report on responses of 

stand structure and mammals to experimentally manipulated levels of basal area and 

density of residual trees.  This project was designed to determine if (i) diversity of stand 

structure attributes (species diversity and structural diversity of herb, shrub, and tree 

layers), (ii) abundance and diversity of forest floor small mammal communities, and (iii) 

relative habitat use by mule deer, will decline with decreasing levels of tree retention. 

 The results of the first four years (1996-1999) of this project (Phase 1) have been 

formally published in a peer-reviewed scientific journal, Sullivan et al. (2001) and 

Sullivan and Sullivan (2001). 

 

3.0 Materials and Methods 

3.1  Study area 

This study was located in mixed Douglas-fir (Pseudotsuga menziesii) - lodgepole pine 

(Pinus contorta) mature and old-growth forests in the Bald Range 25 km west of 

Summerland in south-central British Columbia, Canada (49040’N; 119053’W).  This area 

is within the upper Interior Douglas-fir (IDFdk) and Montane Spruce (MSdm) 

biogeoclimatic zones (Meidinger and Pojar, 1991).  Topography ranges from hilly to 

rolling hills at 1300 to 1520 m elevation.  The upper IDF and MS have a cool, 

continental climate with cold winters and moderately short, warm summers.  The 

average temperature is below 00C for 2-5 months, and above 100C for 2-5 months, with 
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mean annual precipitation ranging from 30 to 90 cm.  Open to closed mature forests of 

Douglas-fir cover much of the IDF zone, with even-aged post-fire lodgepole pine stands 

at higher elevations.  The MS landscape has extensive, young and maturing seral 

stages of lodgepole pine, which have regenerated after wildfire.  Hybrid interior spruce 

(Picea glauca x P. engelmannii) and subalpine fir (Abies lasiocarpa) are the dominant 

shade-tolerant climax trees.  Douglas-fir is an important seral species in zonal 

ecosystems and is a climax species on warm south-facing slopes in the driest 

ecosystems.  Trembling aspen (Populus tremuloides) is a common seral species and 

black cottonwood (Populus trichocarpa) occurs on some moist sites (Meidinger and 

Pojar, 1991). 

 Candidate sites were chosen to represent five treatments of variable retention 

harvests: clearcut, single seed-tree, group seed-tree, patch cut, and uncut forest (Figs. 

1-3).  Prior to harvesting, all stands were composed of a mixture of lodgepole pine with 

variable amounts of Douglas-fir, spruce, and subalpine fir.  Average ages of lodgepole 

pine ranged from 82 to 120 years and for Douglas-fir ranged from 120 to 228 years.  

Average tree heights ranged from 10.5 to 19.5 m for lodgepole pine and from 16.7-27.5 

m for Douglas-fir.  In all cases, Douglas-fir was left as residual trees on harvested units, 

with most lodgepole pine and spruce removed as crop trees.  Area of sites ranged from 

4.6 to 12.8 ha for clearcuts, 3.6 to 6.8 ha for single seed-tree, 3.6 to 10.9 ha for group 

seed-tree, 0.5 to 0.7 ha openings for the patch cut, and 10 to 100+ ha for the mature 

and old-growth stands which represented uncut forest. 

 The clearcut and seed-tree sites were harvested in February-March and July 

1996.  These units were site prepared in August 1996 using a mechanical rake to 
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distribute and pile coarse woody debris in preparation for planting of lodgepole pine, 

Douglas-fir, and interior spruce seedlings in the spring of 1997.  This scarification 

treatment provided sufficient planting spots and mineral soil exposure for planting of 

tree seedlings.  The patch cut units were chosen from the 31 openings (mean patch cut 

area was 0.7 ha with a total of 21.5 ha) over a 65-ha cutting area, which was harvested 

in June-July 1996.  Since approximately one-third of the area was partially cut, three 

replicate openings were chosen which had 30-40% logged area (with retention of some 

understory conifers and Douglas-fir trees) and 60-70% uncut forest.  These patch cut 

units had no site preparation and were planted with seedlings in fall 1997.  Three units 

of uncut forest were selected for comparison with harvested units. 

 

3.2  Experimental design 

This study had a completely randomized design with three replicates of each 

experimental unit.  The 15 units (5 treatments x 3 replicates) were selected on the basis 

of operational scale, reasonable proximity, and availability of variable retention harvest 

sites which were the size of typical forestry operations.  All units were spatially 

segregated to enhance statistical independence (Hurlbert, 1984).  

 

3.3  Stand structure 

Stand structure attributes were measured using three 20-m x 20-m plots 

randomly located within each of the patch cut and uncut forest sites.  For each of the 

patch cut units, one plot was located in the patch cut opening and two plots were 

located in the adjacent uncut forest to sample accurately the one-third cut and two-
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thirds uncut pattern of this area.  Each plot was divided into four 10-m x 10-m subplots 

for ease of sampling.  Species and dbh were recorded for each tree within a subplot.  

Representative heights and ages were measured for 2-3 trees in each plot.  A complete 

count and measurement of dbh of all residual trees was done on each of the single 

seed-tree and group seed-tree sites. 

 Down wood was recorded along two transect lines of 20 m each on the perimeter 

of the 20-m x 20-m plot.  As each piece was encountered the following attributes were 

recorded: (a) species, (b) diameter where line crosses wood (cm), and (c) hardness (5 

decay classes: 1-intact, 2-intact to partially soft, 3-hard large pieces, 4-small soft blocky 

pieces, 5-soft and powdery or hollow [Hunter 1990]).  Volume of down wood (m3/ha was 

calculated by the method of Van Wagner (1968). 

 

3.4  Understory vegetation 

Understory vegetation was sampled on three 25-m transects, each consisting of 

five 5-m x 5-m plots, in each of the 15 experimental units.  Each plot contained three 

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

for sampling shrubs; and a 1-m x 1-m subplot for sampling herbaceous species, mosses 

and lichens.  These layers were subdivided into height classes: 0-0.25, 0.25-0.50, 0.50-

1.0, 1.0-2.0, 2.0-3.0, and 3.0-5.0 m.  A visual estimate of percentage ground cover was 

made for each species/height class combination within the appropriate nested subplot.  

Total percentage cover for each subplot was also estimated.  These measurements 

were used to calculate crown volume index (m3/0.01 ha) for each species (Stickney, 

1980, 1985).  The product of percent cover and representative height gives the volume 
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of a cylindroid which represents the space occupied by the plant in the community.  

Crown volume index values were averaged by species for each plot size, and converted 

to 0.01-ha base to produce the values given for species and layers.  Sampling was 

conducted annually in July - August 2000 to 2003.  Grasses, mosses, and lichens were 

not identified to species.  Plant species were identified in accordance with Hitchcock 

and Cronquist (1973) and Parish et al. (1996).  Species richness, species diversity and 

structural diversity were calculated for these data. 

 

3.5  Small mammal communities 

Forest floor small mammal populations were sampled at 4-week intervals from 

May to October annually in 2000 - 2002, and from May to June 2003.  Trapping grids (1 

ha) had 49 (7 x 7) trap stations at 14.3-m intervals with one Longworth live-trap at each 

station (Ritchie and Sullivan, 1989).  Traps were supplied with whole oats and carrot, 

and cotton as bedding.  Traps were set on the afternoon of day 1, checked on the 

morning and afternoon of day 2 and morning of day 3, and then locked open between 

trapping periods. 

 Forest floor small mammal species sampled by this procedure included the deer 

mouse (Peromyscus maniculatus), northwestern chipmunk (Tamias amoenus), meadow 

vole (Microtus pennsylvanicus), long-tailed vole (Microtus longicaudus), southern red-

backed vole (Clethrionomys gapperi), heather vole (Phenacomys intermedius), western 

jumping mouse (Zapus princeps), montane shrew (Sorex monticolus), common shrew 

(Sorex cinereus), and short-tailed weasel (Mustela erminea). 
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 All small mammals (except shrews and weasels) captured were ear-tagged and 

immediately released at the point of capture (Krebs et al., 1969).  There was a high 

mortality rate for shrews because of the overnight trapping technique.  Shrews that died 

in traps were collected and identified according to Nagorsen (1996). 

 Abundance estimates of the deer mouse, northwestern chipmunk, southern red-

backed vole, long-tailed vole, meadow vole, and heather vole were derived from the 

Jolly-Seber stochastic model (Seber, 1982).  The minimum number of animals known to 

be alive (MNA) (Krebs, 1966) was used as the population estimate for the first and last 

sampling weeks of the study when the Jolly-Seber estimate was not calculated.  The 

reliability of the Jolly-Seber model declines when population sizes are very low and no 

marked animals are captured (Krebs et al., 1986).  In these cases, the total number of 

individuals captured was used to estimate populations of the western jumping mouse, 

montane shrew, common shrew, and short-tailed weasel. 

 

3.6  Habitat use by deer 

Habitat use by mule deer was sampled by fecal pellet-groups located in 100 5-m2 

permanent plots systematically installed at each site.  Plots were cleared of pellets 

initially in spring 1999 to provide a cumulative count.  Sampling periods for five 

summers (1999-2003) and four winters (1999-00 to 2002-03) have been completed, to 

date. 

 

3.7  Diversity measures 
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Diversity of stand structure attributes was measured by species richness, species 

diversity, and structural diversity.  Species richness was the total number of species 

sampled for the plant (herbs, shrubs, and trees) and small mammal communities in 

each stand (Krebs 1989).  Species diversity was based on the Shannon-Wiener index 

which is well represented in the ecological literature (Magurran, 1988; Burton et al., 

1992). 

 Structural diversity, or foliage height diversity (MacArthur and MacArthur, 1961), 

was based on the same indices as for species richness and diversity with the height 

classes of each of the herb, shrub, and coniferous tree layers acting as “species”.  

Thus, structural richness was the total number of height classes occupied by the various 

vegetative layers.  Structural diversity used the Shannon-Wiener index with plant 

species represented by height classes and the amount (crown volume index) of 

vegetation in each class. 

 For the plant communities, species diversity was calculated using the crown 

volume index for each plant species averaged across the three transects in a given site.  

Species diversity was calculated separately for herbs, shrubs, and coniferous trees.  

Diversity of small mammals was calculated using the estimated abundance of each 

species for a given sampling period and averaged over the number of sampling periods 

for each year. 

 

 

 

3.8  Statistical analysis 
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A one-way analysis of variance (ANOVA) (Zar, 1999) was used to determine the 

effect of harvest treatments on mean basal area (BA), density, and diameter classes of 

coniferous trees and mean volume, diameter, and decay classes of down wood.   This 

analysis was also used for fecal pellet-groups of deer during summer and winter 

periods.  A repeated measures (RM) ANOVA (SPSS Institute Inc. 1997) was conducted 

to determine the effects of treatment and time (5 to 8 years post-harvest) on mean 

crown volume of mosses, lichens, herbs, shrubs, and trees.  Mean species richness and 

diversity and mean total structural diversity of the herb, shrub, and tree layers was also 

compared using this RM-ANOVA model.  Before performing any analyses, data not 

conforming to properties of normality and equal variance were subjected to various 

transformations to best approximate the assumptions required by any ANOVA (Zar, 

1999).  Mauchly’s W test statistic was used to test for sphericity (independence of data 

among repeated measures) (Littel, 1989; Kuehl, 1994).  For data found to be correlated 

among years, the Huynh-Feldt correction was used to adjust the degrees of freedom of 

the within-subjects F-ratio.  Duncan’s multiple range test (DMRT) was used to compare 

mean values based on ANOVA results.  In all analyses, the level of significance was at 

least P = 0.05. 

 

 

 

 

 

4.0 Results 
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4.1  Stand structure 

The variable retention harvests had a significant (F4,10=41.08; P<0.01) effect on 

BA of residual coniferous trees (Table 1).  The clearcut, single seed-tree, and group 

seed-tree sites had similar mean BAs ranging from 0.1 to 2.5 m2/ha, with significantly 

(DMRT; P=0.05) higher levels on patch cut (23.4 m2/ha) and uncut forest (39.0 m2/ha) 

sites.  This pattern was also recorded for the effect of these harvests on density of trees 

(F4,10=18.33; P<0.01).  Numbers ranged from 0.7 to 16.3 stems/ha on the clearcut to 

group seed-tree sites and up to 769.4 and 2050.0 stems/ha in the patch cut and uncut 

forest sites, respectively (Table 1).  Mean cover of coniferous trees was significantly 

(F4,10=28.44;  P<0.01) different among sites with higher (DMRT; P=0.05) cover on the 

patch cut and uncut forest sites than on the two seed-tree sites, followed by the clearcut 

site.  Mean diameters of trees in the 30-60 cm and >60 cm classes were similar across 

the treatment sites, but were significantly (F4,8=10.15; P<0.01) different among sites in 

the <30 cm class (Table 1). 

 Mean volume (m3/ha) of down wood was similar among treatment sites ranging 

from 116.7 in the single seed-tree to 210.2 in the patch cut sites (Table 1).  The 

clearcut, seed-tree, and patch cut sites had a greater number (F4,10=8.50; P<0.01) of 

wood pieces in the <5 cm class than the uncut forest.  The patch cut sites had more 

(DMRT; P=0.05) medium (5-25 cm) diameter pieces than any of the other sites (Table 

1).  Similarly, the clearcut and both type of seed-tree sites had more (DMRT; P=0.05) 

medium diameter pieces of down wood than the uncut forest.  This same pattern was 

evident for the most common decay class 3 (Table 1), possibly owing to an 

accumulation of woody debris from the various harvesting operations. 
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4.2  Understory vegetation 

Mean total crown volume index of herbs was similar (F4,10=0.89; P=0.50) across 

sites, but increased significantly (F3,30=11.81; P<0.01) through time, particularly on the 

clearcut and seed-tree sites (Fig. 4A, Table 2).  Prominent herb species on these sites 

included wild strawberry (Fragaria virginiana), fireweed (Epilobium angustifolium), 

grasses, white-flowered hawkweed (Hieracium albiflorum), heart-leaved arnica (Arnica 

cordifolia), Arctic lupine (Lupinus arcticus), racemose pussytoes (Antennaria racemosa), 

and one-sided wintergreen (Orthilia secunda). 

 Mean total crown volume index of shrubs was similar (F4,10=1.58; P=0.25) among 

sites (Fig. 4B).  Shrub volume increased significantly over time (F3,30=11.78; P<0.01).  

Prominent shrubs included kinnikinnick (Arctostaphylos uva-ursi), twinflower (Linnaea 

borealis), Utah honeysuckle (Lonicera utahensis), falsebox (Pachistima myrsinites), 

birch-leaved spirea (Spiraea betulifolia), and grouseberry (Vacciniium scoparium). 

 Mean total crown volume index of mosses (F4,10=1.19; P=0.37) and lichens 

(F4,10=1.59; P=0.25) were similar among sites (Figs. 5A and B and Table 2).  Volume of 

mosses was highly variable within the three replicate sites of uncut forest.  Although not 

statistically significant, mean volume of mosses in the uncut forest was 4.0 to 6.0 times 

higher than the average of the other four treatments.  Volume of both mosses and 

lichens declined significantly (P<0.01) with time. 

 Mean total crown volume index of trees was significantly (F4,10=22.60; P<0.01) 

different among sites, with the patch cut and uncut forest sites higher (DMRT; P=0.05) 



 17

in crown volume than that of the other sites.  Prominent tree species on these sites 

were Douglas fir, lodgepole pine, subalpine fir, and interior spruce. 

 

4.3  Plant species and structural diversity 

A total of 52 species of herbs, 27 species of shrubs, and 6 species of trees were 

sampled during 2000 to 2003, at 5- to 8-years post-harvest.  Mean species richness of 

herbs (F4,10=0.74; P=0.59) and shrubs (F4,10=1.00; P=0.45) was similar among sites 

(Table 3).  However, mean richness of trees was significantly (F4,10=4.84; P=0.02) 

different among sites.  Mean number of tree species was similar in the uncut forest, 

both seed-tree sites, and the clearcut sites, and lowest in the patch cut sites (DMRT; 

P=0.05).  Total species richness of plants was similar among sites, but increased 

(F3,30=3.91; P=0.02) with time (Fig. 6A and Table 3). 

 Mean species diversity of herbs was similar among sites, but shrubs were 

significantly (F4,10=5.74; P=0.01) different (Table 4).  Shrub species diversity was 

generally highest in the seed-tree sites, followed by the uncut forest, clearcut and patch 

cut sites (DMRT; P=0.05).  There were no differences over time for either herb or shrub 

species diversity.  Mean species diversity of trees was significantly (F4,10=9.65; P<0.01) 

different among sites (Table 4).  Diversity of trees was similar in the uncut forest, 

clearcut and seed-tree sites which were all higher than the patch cut sites (DMRT; 

P=0.05). 

 Mean total structural diversity (layers of vegetation and relative amounts of 

vegetation in those layers) was significantly (F4,10=10.03; P<0.01) different among sites, 

with a lower diversity (DMRT; P=0.05) in the uncut forest and patch cut sites than at the 
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seed-tree and clearcut sites in 2003 (Fig. 6C).  Mean total species diversity of plants 

also followed this pattern (Fig. 6B). 

 

4.4  Small mammal abundance and diversity 

Mean total abundance of small mammals per ha was similar (F4,10=2.21; P=0.14) 

among sites (Fig. 7).  Numbers of small mammals were highest in the clearcut and 

seed-tree sites in earlier years.  Mean species richness was also similar (F4,10=0.53; 

P=0.71) among treatment sites as was mean species diversity for both Shannon-Wiener 

diversity (F4,10=0.22; P=0.92) and log-series diversity (F4,10=0.40; P=0.80) (Table 5).  

 Abundance of the red-backed vole was significantly (F4,10=26.76; P<0.01) 

different among sites with highest mean numbers occurring in the uncut forest in 2000-

2003 (Table 6 and Fig. 8).  Populations of red-backed voles were at their highest levels 

in 1996 and 1997, shortly after harvesting in the clearcut and seed-tree sites, before 

declining in 1998 to 2002 (Fig. 8). 

 Abundance of northwestern chipmunks was similar (F4,10=3.00; P=0.07) among 

sites, based on this current analysis to 2003.  Chipmunk numbers were highest in seed-

tree sites in previous years (Fig. 9).   

 

 4.5  Habitat use by deer 

 Relative habitat use by mule deer, as indexed by fecal pellet-groups, was based 

on pellet counts for summer and winter periods.  Habitat use by deer was significantly 

different among sites in summer (F4,70=11.84; P<0.01) and winter (F4,55=5.87; P<0.01) 

periods (Fig. 10).  Habitat use was highest in the seed-tree sites in summer, and highest 

in the group seed-tree, patch cut, and uncut sites in winter.  This same pattern has 

continued over the 4- (winter) and 5- (summer) year periods. 
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5.0 Discussion 

 This completed 8-year study is the first detailed investigation of diversity of stand 

structure attributes and mammal communities over a range of variable retention 

harvests in replicate sites of mixed Douglas-fir-lodgepole pine forest. 

 Variable retention harvests in temperate zone coniferous forests are a method to 

integrate both ecological and economic objectives in forest management.  Retention of 

green trees can (1) structurally enrich the subsequent forest stand, (2) maintain some 

species and ecological processes from the original forest, particularly in aggregated or 

group seed-tree patterns, and (3) maintain some connectivity in the managed forest 

landscape.  The major theme of our study was to address the overall question with 

respect to stand structure and mammal communities: are there changes in abundance 

and diversity of these attributes in stands with structural retention compared with those 

that are clearcut? 

 Crown volume indexes of herbs, shrubs, mosses, and lichens were similar 

among sites, but crown volume index of trees was highest in patch cut and uncut forest 

sites.  Species richness of herbs, shrubs, and total plants was similar among sites.  

Tree species richness in seed-tree sites was similar to that in uncut forest in most post-

harvest years.  Despite having no effect on total species richness of plants, retention of 

live trees did provide suitable conditions for some forest interior herbs and shrubs to 

persist, at least up to eight years post-harvest.  Conversely, some forest interior plants 

were maintained on clearcuts during this period. 

 Abundance and species richness and diversity of small mammals were 

maintained on all harvested sites, primarily because of habitat generalist and early 

successional species.  Late successional forest species such as red-backed voles and 

early successional, but mycophagist, northwestern chipmunks persisted on the group 

seed-tree harvested sites, at least during some years. 
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 Red-backed voles prefer mesic habitats in coniferous, deciduous, and mixed 

forests with abundant organic debris composed of stumps, logs, and exposed roots 

(Martell and Radvanyi, 1977; Merritt, 1981; Yahner, 1986).  These habitat conditions 

provide a substrate for maintenance of hypogeous ectomycorrhizal fungi, which are a 

major food supply for red-backed voles (Maser et al., 1978; Ure and Maser, 1982).  

Presumably, as reviewed by Hayward et al. (1999) and Sullivan et al. (1999), a 

reduction in moisture and insufficient coniferous tree cover result in extirpation of red-

backed voles from recent clearcuts.  This pattern was evident in our study where red-

backed voles declined to very low numbers or disappeared on the clearcut and single 

seed-tree sites, and eventually on the group seed-tree sites as well. 

 Persistence of Clethrionomys spp. in forests subjected to selection, patch, and 

shelterwood cutting has been reported by several authors (Ramirez and Hornocker, 

1981; Scott et al., 1982; Martell, 1983; Medin and Booth, 1989; Steventon et al.,  1998; 

Von Trebra et al., 1998).  In addition to aiding in dispersal of mycorrhizal fungi, red-

backed voles are also important prey of several carnivores (Hayward and Verner, 1994; 

Ruggiero et al., 1995).  Thus, maintenance of red-backed voles in variable retention 

harvest forests will also have potentially favourable impacts on predator populations 

(Garton et al., 1989). 

 Seed-tree sites appeared to provide both summer and winter habitat for mule 

deer.  Forage production (herbs) may have been higher in the favourable microclimatic 

conditions within and near residual Douglas-fir trees during summer months.  In winter, 

some snow interception by crowns of fir trees on group seed-tree sites, along with 

understory forage, may have provided habitat conditions similar to those found in patch 

cut and uncut forest sites. 

 Our study represented an initial “snapshot” in time (up to 8 years post-harvest) 

and future monitoring of these sites at periodic intervals will determine if these trends 
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continue.  Managing forests for biological diversity will require maintaining a variety of 

successional stages, tree species, and stand structures as a mosaic of different habitat 

types across forested landscapes.  In this light, maintaining residual fir trees in mixed 

Douglas-fir lodgepole pine forests should help provide stand structures to meet 

biodiversity goals. 

 

6.0 Project Completion in 2004 

This project will now be completed in 2004:  

1) Addition of relative habitat use measurements for the 2003-04 winter period to 

complete data on the high-profile mule deer in these units. 

2) Results will be incorporated into guidelines for fir retention levels on harvested fir-

pine forest units at a landscape scale. 

3) Two manuscripts will be prepared for submission to peer-reviewed scientific 

journals: 

 a)  Influence of variable retention harvests on forest ecosystems: III. Relative habitat 

  use by mule deer. 

 b)  Influence of variable retention harvests on forest ecosystems: IV. Plant and small  

  mammal diversity 8 years post-harvest. 

 

 

7.0 Future Projects 

 7.1  25-Year results of green-tree retention: a vision into the future 

 Green-tree retention in mixed stands of Douglas-fir and lodgepole pine is a 

relatively widespread practice that has been in place since the early to mid-1970’s when 

lodgepole pine became an important commercial timber species.  Thus, “green-tree 
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retention” is not a new management approach to timber harvesting in this region.  

Because of this relatively long history, it is possible to do a retrospective investigation of 

the influence of green-tree retention on stand structure and wildlife species richness 25 

years after harvesting.  An example of the change in forest structure over nearly two 

decades is illustrated in Figure 11. 

 The crucial question of sustainability is:  When do these variable-retention 

stands begin to resemble mature/old growth forest in terms of structural features 

and dependent mammal species? 

 Field studies covering decades have yet to be completed.  This retrospective 

study will determine the degree to which young stands, with a range of residual trees, 

compare with mature/old-growth forest at 25 to 28 years post-harvest.  Objectives 

include a range of Douglas-fir retention (dispersed and aggregated) and uncut 

mature/old-growth stands comparing: 

1) Stand structure attributes (species diversity and structural diversity of herb, shrub, 

and tree layers): 

2) Species richness of mammalian wildlife: insectivores, forest floor small mammals, 

and arboreal small mammals. 

3) Summer and winter range use by mule deer, moose, and snowshoe hares. 
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Table 1 

Summary of mean (n=3 ± SE) basal area, density, percentage cover, and diameter of coniferous trees (primarily Douglas 

fir) and volume, diameter classes, and decay classes of down wood and results of analyses.  Mean values followed by 

different letters are significantly different according to DMRT. 

       Analysis

Parameter Clearcut Single seed-tree Group seed-tree Patch cut Uncut forest F4,10 P 

Basal area   (m2/ha) 0.1a ± 0.1 0.7a ± 0.1 2.5a ± 1.0 23.4b ± 1.9 39.0c ± 5.7 41.08 <0.01

Density   (stems/ha) 0.7a ± 0.7 9.0a ± 3.4 16.3a ± 4.2 769.4b ± 179.8 2050.0b ± 429.8 18.33 <0.01

Cover (%) 0.7a±0.7    

   

  

4.1b±1.4 8.4b±3.7 34.1c±3.1 32.9c±5.2 28.44 <0.01

Dbh (cm)        

< 30 - 21.3a ± 1.8 19.4a ± 0.7 11.5b ± 1.8 12.0b ± 0.6 10.151 <0.01

30 - 60 - 39.7 ± 1.8 43.3 ± 1.5 38.0 ± 1.3 35.9 ± 1.5 2.951  0.09 

> 60 - 72.8 ± 0.4 69.2 ± 1.5 67.9 ± 3.6 - 1.332 0.39

Volume   (m3/ha) 136.1 ± 29.0 116.7 ± 27.0 179.7 ± 25.6 210.2 ± 9.7 140.9 ± 40.9 1.78 0.21

Diameter classes (cm)        

<  5 122.2a ± 22.6 130.6ab ± 7.4 126.0ab ± 14.9 183.1b ± 19.4 38.2c ± 20.7 8.50 <0.01

5 - 25 30.4a ± 4.9 23.6a ± 2.8 27.3a ± 0.8 44.8b ± 3.6 11.8c ± 4.5 10.83 <0.01

                                            
1 F4,8              2 F4,4 
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> 25 0.9 ± 0.1 0.9 ± 0.5 1.5 ± 0.2 0.8 ± 0.5 1.2 ± 0.4 0.56  0.70

Decay classes        

1 0.2 ± 0.2 1.1 ± 0.3 2.1 ± 1.1 2.2 ± 0.2 0.2 ± 0.2 3.14  

  

  

  

        

0.06

2 0.4 ± 0.3 3.1 ± 2.3 0.9 ± 0.3 3.3 ± 0.2 4.2 ± 0.8 2.27 0.13

3 143.7a ± 20.5 143.8a ± 7.9 141.7a ± 17.5 217.2b ± 23.0 40.8c ± 21.6 11.09 <0.01

4 7.6 ± 3.4 5.1 ± 2.2 6.3 ± 2.4 4.4 ± 2.1 3.2 ± 1.6 0.48 0.75

5 1.7 ± 0.8 1.9 ± 1.1 3.8 ± 2.0 1.5 ± 0.4 3.0 ± 1.7 0.57 0.69
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Table 2 

Summary of mean (n=3 replicate sites) ± SE crown volume index (m3/0.01 ha) for vegetation in the five treatments during 

2000 to 2003 (5- to 8-years post-harvest) and results of RM-ANOVA.  Columns of mean values with different letters are 

significantly different by Duncan’s multiple range test (adjusted for multiple contrasts).  F-values identified by * were 

calculated using the H-F correction factor, which decreased the stated degrees of freedom due to correlation of data 

among repeated measures (years). 

     Treatment Overall analysis

Vegetation attribute Treatment  Time

Treatment x 

Time 

and year Clearcut 

Single 

seed-tree

Group 

seed-tree        

       

Patch cut

Uncut 

forest F4,10 P F3,30 P F12,30 P

Herb 0.89 0.50 11.81* <0.01 0.79* 0.65

2000         

         

         

          

     

         

         

         

         

10.8±2.3 10.3±1.9 14.7±1.0 8.3±1.0 8.8±5.2

2001 10.8±3.6 11.4±2.4 16.2±3.0 5.5±0.3 9.6±5.2

2002 10.7±4.3 11.0±4.2 11.4±2.1 4.5±0.1 7.5±3.7

2003 7.6±3.1 8.2±2.5 7.5±2.3 2.8±0.2 5.6±2.8

Shrub 1.58 0.25 11.78 <0.01 2.78 0.01 
2000 4.6±1.1a 3.2±0.6a 1.5±0.2a 8.4±5.0a 3.8±2.2a

2001 6.9±1.6a 5.5±1.3a 2.3±0.3a 12.2±7.4a 4.3±2.4a

2002 10.1±3.0a 4.5±0.7a 2.3±0.4a 9.2±5.0a 3.9±2.3a

2003 8.7±2.2a 3.8±0.1a 2.0±0.3a 9.1±5.1a 3.4±1.8a
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Tree B         

         

         

         

         

        

          

          

          

          

        

          

          

          

          

B B A A 22.60 <0.01 1.25 0.31 1.57 0.15

2000 2.8±0.5 13.2±5.8 31.8±19.9 126.6±14.2 132.8±9.6

2001 4.4±0.7 11.7±5.9 20.3±16.2 140.2±13.7 185.3±30.3

2002 6.3±2.1 10.5±5.3 19.5±8.3 121.1±9.9 164.1±37.0

2003 8.0±1.5 9.8±2.2 7.5±3.9 121.5±9.5 161.7±35.4

 

Moss 1.19 0.37 15.11* <0.01 1.12* 0.39

2000 0.4±0.1 0.6±0.2 1.0±0.4 1.5±0.8 4.3±3.4

2001 0.2±0.1 0.3±0.2 0.6±0.4 0.9±0.7 3.0±2.5

2002 0.2±0.1 0.3±0.1 0.5±0.2 0.8±0.6 2.7±2.1

2003 0.2±0.1 0.3±0.0 0.4±0.1 1.0±0.5 1.9±1.5

 

Lichen 1.59 0.25 11.65 <0.01 1.60 0.14

2000 0.3±0.1 0.2±0.0 0.2±0.0 0.4±0.1 0.5±0.2

2001 0.1±0.0 0.2±0.0 0.2±0.0 0.3±0.1 0.4±0.1

2002 0.1±0.0 0.2±0.0 0.2±0.1 0.2±0.1 0.3±0.1

2003 0.2±0.0 0.2±0.0 0.2±0.0 0.3±0.1 0.3±0.1
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Table 3 

Summary of mean (n=3 replicate sites) ± SE species richness for vegetation in the five treatments during 2000 to 2003 (5- 

to 8-years post-harvest) and results of RM-ANOVA.  Columns of mean values with different letters are significantly 

different by Duncan’s multiple range test (adjusted for multiple contrasts).  F-values identified by * were calculated using 

the H-F correction factor, which decreased the stated degrees of freedom due to correlation of data among repeated 

measures (years). 

 

    Treatment  Overall analysis

Vegetation         Clearcut Single Group Patch cut Uncut Treatment Time

Treatment x 

Time 

attribute and year  seed-tree seed-tree  forest F4,10      

     

P F3,30 P F12,30 P

Herb 0.74 6.850.59 <0.01 0.79 0.65

    2000 5.0±1.2 7.1±2.0 8.6±2.5         

         

         

         

      

         

         

7.2±0.6 5.0±2.5

    2001 5.9±0.8 8.4±2.5 10.1±2.5 7.7±0.8 5.6±1.9

    2002 5.9±0.8 7.7±1.8 8.9±2.4 8.6±1.2 5.7±2.3

    2003 5.9±0.6 7.4±1.6 8.3±2.0 6.9±0.9 5.3±2.4

Shrub 1.00 0.45 1.12 0.36 0.46 0.92

    2000 6.4±1.1 6.9±0.1 5.7±0.5 6.8±0.7 5.3±0.7

    2001 6.1±0.8 7.0±0.3 5.9±0.6 6.8±0.5 5.6±1.1
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    2002 6.4±0.6 6.8±0.6 5.7±0.5         6.3±0.5 5.3±0.8

    2003 6.0±0.9 6.8±0.1 5.9±0.4         

         

         

         

         

         

     

         

         

         

         

6.2±0.8 5.0±1.0

Tree AB A A B A 4.84 0.02 0.20* 0.87 1.02* 0.45

    2000 2.6±0.3 3.2±0.1 3.2±0.2 1.9±0.1 3.2±0.4

    2001 2.6±0.2 3.2±0.1 3.1±0.5 2.0±0.0 3.1±0.3

    2002 2.8±0.1 3.2±0.1 3.2±0.6 2.1±0.1 2.9±0.1

    2003 2.8±0.1 3.1±0.1 3.0±0.5 2.2±0.1 3.1±0.1

 

Total 

 

0.87 

 

0.52 

 

3.91 

 

0.02 

 

0.54 

 

0.87 

    2000 14.0±2.1 17.2±1.8 17.4±2.8 15.9±1.0 13.6±2.7

    2001 14.6±1.3 18.7±2.2 19.1±2.9 16.4±1.0 14.2±2.6

    2002 15.1±1.2 17.7±1.2 17.8±2.8 17.0±1.2 13.9±2.9

    2003 14.7±1.4 17.3±1.5 17.2±1.9 15.3±0.9 13.4±3.1
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Table 4 

Summary of mean (n=3 replicate sites) ± SE species diversity and structural diversity for vegetation in the five treatments 

during 2000 to 2003 (5- to 8-years post-harvest) and results of RM-ANOVA.  Columns of mean values with different letters 

are significantly different by Duncan’s multiple range test (adjusted for multiple contrasts). 

    Treatment  Overall analysis

Vegetation        Clearcut Single Group Patch cut Uncut Treatment Time

Treatment x 

Time 

attribute and year  seed-tree seed-tree  forest F4,10      

       

P F3,30 P F12,30 P

Herb 1.50 0.27 5.71 <0.01 0.46 0.92

    2000 0.9±0.2 1.4±0.4 1.4±0.3         

         

         

         

         

         

         

         

         

1.7±0.0 1.0±0.5

    2001 1.1±0.2 1.5±0.3 1.6±0.2 1.8±0.1 1.1±0.2

    2002 1.2±0.2 1.6±0.2 1.8±0.4 2.2±0.1 1.2±0.5

    2003 1.2±0.3 1.6±0.3 1.6±0.3 2.0±0.1 1.1±0.6

Shrub B A A B AB 5.74 0.01 2.06 0.13 0.41 0.95

    2000 1.7±0.2 2.2±0.1 2.1±0.2 1.4±0.1 1.8±0.1

    2001 1.6±0.1 2.2±0.1 2.1±0.2 1.4±0.1 1.8±0.2

    2002 1.5±0.1 2.2±0.1 2.0±0.2 1.4±0.2 1.8±0.2

    2003 1.6±0.1 2.2±0.2 2.0±0.2 1.3±0.2 1.7±0.1
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Tree A         

         

         

         

         

         

         

         

         

A A B A 9.65 <0.01 0.56 0.64 0.70 0.74

    2000 0.9±0.1 0.9±0.0 0.9±0.2 0.2±0.1 1.2±0.2

    2001 0.8±0.0 1.1±0.2 0.9±0.3 0.2±0.1 1.2±0.2

    2002 0.9±0.0 0.9±0.2 0.9±0.1 0.2±0.1 1.0±0.1

    2003 0.8±0.0 0.9±0.1 0.9±0.2 0.2±0.1 1.1±0.2

 

Structural diversity 

 

A 

 

A 

 

A 

 

B 

 

B 

 

10.03 

 

<0.01 

 

12.38 

 

<0.01 

 

5.67 

 

<0.01 

    2000 1.6±0.1a 1.4±0.1a 1.4±0.1a 1.0±0.2ab 0.7±0.2b

    2001 1.6±0.1a 1.8±0.1a 1.7±0.1a 1.0±0.2b 0.6±0.2b

    2002 1.8±0.2a 1.7±0.1a 1.7±0.0a 0.9±0.2b 0.6±0.2b

    2003 1.9±0.1a 1.8±0.0a 1.9±0.1a 0.9±0.2b 0.6±0.2b
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Table 5 

Mean (n=3 replicates) ± SE total abundance, species richness, and species diversity of small mammal communities in the 

five treatments during 2000-2003 (5- to 8-years post-harvest) and results of RM-ANOVA.  Columns of mean values with 

different letters are significantly different by Duncan’s multiple range test (adjusted for multiple contrasts). 
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Table 6 

    Treatment  Overall analysis

Species      Clearcut
Single 

seed-tree 
Group 

seed-tree Patch cut
Uncut 
forest Treatment Time

Treatment x 
Time 

and year          
      

F4,10 P F3,30 P F12,30 P
Total abundance 2.21 0.14 25.89 <0.01 2.07 0.05 

2000 18.9±2.4ab 23.5±3.6ab 30.1±4.1a 17.0±3.2b       
            
            
            

       
            
            
            
            

  
          

            
            
            

  
           

            
            
            

16.2±3.0b 
2001 28.1±5.1a 32.0±1.3a 30.3±1.3a 18.0±3.0b 17.2±2.2b
2002 24.0±2.5 26.6±2.4 26.1±2.0 28.4±2.2 20.8±4.6
2003 14.5±2.7 17.0±1.6 17.3±3.6 14.1±1.3 14.1±3.1

Species richness 0.53 0.71 15.45 <0.01 0.89 0.57
2000 3.4±0.4 3.6±0.3 3.4±0.3 3.5±0.6 3.3±0.4
2001 4.0±0.7 4.4±0.5 3.6±0.4 2.9±0.5 3.0±0.1
2002 3.4±0.8 3.6±0.1 3.7±0.3 3.2±0.3 3.3±0.1
2003 2.8±0.6 2.5±0.3 2.3±0.3 2.2±0.2 2.5±0.3

 
Shannon-Wiener species diversity 

  
   0.22 0.92 7.12 <0.01 0.46 0.92

2000 1.3±0.2 1.4±0.1 1.3±0.1 1.4±0.3 1.5±0.2
2001 1.4±0.3 1.6±0.2 1.4±0.2 1.2±0.2 1.3±0.2
2002 1.3±0.2 1.4±0.1 1.3±0.1 1.2±0.1 1.3±0.0
2003 1.1±0.3 1.0±0.1 0.9±0.1 1.0±0.1 1.1±0.2

 
Log series alpha species diversity 

 
   0.40 0.80 7.39 <0.01 0.72 0.72

2000 1.4±0.1 1.3±0.2 1.1±0.1 1.5±0.2 1.3±0.2
2001 1.3±0.2 1.4±0.2 1.1±0.2 1.0±0.2 1.1±0.1
2002 1.2±0.4 1.2±0.1 1.3±0.2 1.0±0.1 1.2±0.2
2003 1.1±0.2 0.9±0.2 0.7±0.1 0.8±0.1 0.9±0.1

Mean (n=3 replicates) ± SE abundance per ha of small mammal species in the five treatments during 2000-2003 (5- to 8-

years post-harvest) and results of RM-ANOVA.  Columns of mean values with different letters are significantly different by 

Duncan’s multiple range test (adjusted for multiple contrasts).  F-values identified by * were calculated using the H-F 
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correction factor, which decreased the stated degrees of freedom due to correlation of data among repeated measures 

(years). 

    Treatment  Overall analysis

Species Treatment  Time
Treatment x 

Time 
and year Clearcut 

Single 
seed-tree

Group 
seed-tree        

       

Patch cut
Uncut 
forest F4,10 P F3,30 P F12,30 P

Peromyscus maniculatus 2.05 0.16 10.40 <0.01 1.62 0.14
2000 11.5±0.6 8.5±3.3 14.1±5.2        

         
         
            

          
         
         
         
         

         
      
            
            
            

       
         
         
        
           

          
        

            
            

9.4±0.5 6.3±1.2  
2001 14.9±2.5 9.8±1.3 11.6±0.7 9.7±0.6 8.8±2.6
2002 10.7±3.4 7.5±0.8 6.7±1.0 17.8±0.3 8.4±4.2
2003 8.0±0.8 5.3±0.9 4.5±1.0 8.6±0.1 3.8±1.7

 
Tamias amoenus AB A A AB B 3.00 0.07 5.17 <0.01 0.95 0.51

2000 4.1±1.7 11.9±1.9 12.8±3.1 3.7±1.1 3.4±1.8  
2001 7.4±3.5 16.2±1.7 14.0±2.8 6.9±1.7 2.6±1.4  
2002 7.0±3.4 14.3±1.4 16.3±1.7 8.1±1.0 3.4±1.7  
2003 4.8±2.2 11.1±1.1 12.1±2.3 5.3±1.4 2.9±1.7  

Phenacomys intermedius A BC AB BC
 

C 5.09 
 

0.02 
 

1.74 0.18 0.74 0.71
2000 0.3±0.2 0.3±0.1 0.1±0.1 0.0 0.0  
2001 0.5±0.5 0.2±0.1 0.3±0.1 0.0 0.0
2002 0.4±0.2 0.0 0.4±0.2 0.3±0.1 0.0
2003 0.2±0.2 0.0 0.0 0.0 0.0

Microtus longicaudus 0.39 0.81 4.02* 0.02 1.18* 0.34
2000 0.9±0.9 0.6±0.5 1.4±1.4 0.6±0.6 0.0  
2001 2.1±1.9 0.8±0.5

 
 0.8±0.8 0.2±0.2 0.0  

2002 0.9±0.9 0.0 0.7±0.7 1.2±0.5 0.1±0.1  
2003 0.0 0.0 0.0 0.0 0.0  

 
Microtus pennsylvanicus 

 
AB A AB B B 3.12 0.07 3.47 0.03 1.10 0.40

2000 0.5±0.5 0.5±0.3 0.1±0.1 0.2±0.2 0.0
2001 1.4±1.0 2.4±2.0 0.4±0.4 0.0 0.0
2002 4.4±3.1 3.0±1.6 0.3±0.3 0.0 0.0
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2003            

         
       
         
         
         

     
      
       
         
           

          
         
         
           
           

0.5±0.5 0.5±0.3 0.0 0.0 0.0

Clethrionomys gapperi BC C BC B A 26.76
 

<0.01 0.68 0.57 1.44 0.20
2000 0.1±0.1 0.0 0.6±0.5 2.7±1.2 5.7±0.5    
2001 0.2±0.2 0.1±0.1 0.3±0.2 0.9±0.5 5.1±0.4  
2002 0.1±0.1 0.1±0.1

 
 0.3±0.1 1.0±0.8 8.4±1.5  

2003 0.7±0.7 0.0 0.7±0.7 0.2±0.2 7.3±2.8  

Sorex monticolus AB A A C BC 7.94 
 

<0.01 22.56 <0.01 2.51 0.02 
2000 1.4±0.4a 1.6±0.3a 1.0±0.3ab 0.3±0.2b 0.3±0.2b    
2001 1.3±0.5abc 2.1±0.5a 1.8±0.8ab 0.2±0.2c 0.4±0.4bc    
2002 0.4±0.2b 1.6±0.3a 1.3±0.1a 0.0b 0.3±0.2b  
2003 0.0e 0.0d 0.0c 0.0b 0.0a  

Sorex cinereus 0.96
 

0.47 5.62
 

<0.01 0.81 0.64
2000 0.0 0.0 0.1±0.1 0.1±0.1 0.2±0.1  
2001 0.1±0.1 0.2±0.1 0.1±0.1 0.1±0.1 0.2±0.1  
2002 0.0 0.0 0.0 0.0 0.1±0.1  
2003 0.0 0.0 0.0 0.0 0.0  
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10. Figures 

Fig. 1.  Photographs of (a) a clearcut site, and (b) a single seed-tree site. 
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Fig. 2.  Photographs of (a) a group seed-tree site, and (b) an aerial view of a group 

seed-tree site. 
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Fig. 3.  Photographs of (a) a patch cut site, and (b) an uncut forest site. 
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Fig. 4.  Mean (n=3) crown volume index (m3/0.01 ha) for (A) herbs and (B) shrubs in 

clearcut, single seed-tree, group seed-tree, patch cut, and uncut forest sites in 1996 to 

2003. 
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Fig. 5.  Mean (n=3) crown volume index (m3/0.01 ha) for (A) mosses and (B) lichens in 

clearcut, single seed-tree, group seed-tree, patch cut, and uncut forest sites in 1996 to 

2003. 
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Fig. 6.  Mean (n=3) total plant species richness, species diversity, and structural 

diversity in clearcut, single seed-tree, group seed-tree, patch cut, and uncut forest sites 

in 2003, 8 years post-harvest. 
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Fig. 7.  Total mean (n=3) abundance of small mammals/ha in clearcut, single seed-tree, group seed-tree, patch cut, and 

uncut forest sites in 1996-2003. 
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Fig. 8.  Mean (n=3) abundance of red-backed voles/ha in clearcut, single seed-tree, group seed-tree, patch cut, and uncut 

forest sites in 1996 to 2003. 
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Fig. 9.  Mean (n=3) abundance of northwestern chipmunks/ha in clearcut, single seed-tree, group seed-tree, patch cut, 

and uncut forest sites in 1996 to 2003. 
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Fig. 10.  Relative habitat use by mule deer, based on mean number of pellet groups/ha, 

during summer and winter periods in 1999 to 2003.  Clearcut (CC), single seed-

tree (SST), group seed-tree (GST), patch cut (PC), and uncut forest (UF).  

Histograms with different letters are significantly different by DMRT (P=0.05). 
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Fig. 11.  Green-tree retention at harvest in 1978 and 19 years later in 1997 in mixed 

Douglas-fir - lodgepole pine stands. 
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