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Abstract:  Dry Douglas-fir (Pseudotsuga menziesii (Mirbel) Franco) forests offer a wide 

range of timber and non-timber values, which may benefit from a balanced timber 

harvest by variable retention systems with conservation of biodiversity.  A major 

component of biodiversity are forest floor small mammal communities whose 

abundance and diversity serve as ecological indicators of significant change in forest 

structure and function from harvesting activities.  This study was designed to test the 

hypotheses that abundance, reproduction, and survival of (i) the southern red-backed 

vole (Myodes gapperi, formerly Clethrionomys gapperi (Vigors)), will decline; (ii) the 

deer mouse (Peromyscus maniculatus (Wagner)), will be similar; and (iii) the meadow 

vole (Microtus pennsylvanicus (Ord)) and northwestern chipmunk (Tamias amoenus 

(Allen)), will increase, with decreasing levels of tree retention. Small mammal 

populations were live-trapped from 1994 to 1997 in replicated sites of uncut forest, 20% 

and 50% volume removal by single tree selection, 20%, 35%, and 50% patch cuts 

based on openings of 0.1-1.7-ha, and small 1.7-ha clearcuts in Douglas-fir forest near 

Kamloops, British Columbia, Canada.  M. gapperi dominated the small mammal 

community, starting with an abundance of 74-98 animals/ha with mean values ranging 

from 33-51 animals/ha.  In the two post-harvest years, abundance, reproduction, and 

survival of M. gapperi populations were consistently similar among uncut forest and the 

various levels of tree retention.  Thereafter, M. gapperi was seldom found on the small 

clearcuts.  M. pennsylvanicus, T. amoenus, and P. maniculatus occurred predominantly 

in clearcut sites.  As with other types of forest disturbance, responses to our treatments 

were species-specific.  The most striking result was the high abundance and 

productivity of M. gapperi populations in a dry forest ecosystem, a novel result for this 



 3

bio-indicator species of closed-canopy forest conditions.  At least with respect to small 

mammals, the retention systems studied seem to enable timber extraction and 

maintenance of mature forest habitat in these dry fir ecosystems. 

 

Keywords:  Biodiversity; Douglas-fir; Dry forests; Indicators; Myodes gapperi; 

Phenacomys intermedius; Microtus longicaudus; Range use; Small mammals; Stand 

structure; Voles. 

 

Introduction 

  The dry forest ecosystems of the southern interior of British Columbia (BC), 

Canada are represented by three biogeoclimatic zones:  Interior Douglas-fir (IDF) 

(Pseudotsuga menziesii (Mirbel) Franco), Ponderosa pine (PP) (Pinus ponderosa 

(Douglas ex Lawson)), and the Bunchgrass (BG) zone.  Douglas-fir and ponderosa pine 

forests continue to provide an important source of timber for the forest industry.  Dry 

Douglas-fir forests offer a wide range of timber and non-timber values, including range 

use by cattle in the myriad grassland openings in these forests.  Consequently, various 

uneven-aged harvesting regimes (e.g., single tree selection and patch cuts) have been 

proposed to maintain a balanced distribution of age classes for timber, range, 

biodiversity, and recreational objectives.  As discussed by Franklin et al. (1997, 2002), 

structural attributes of forest stands are increasingly recognized as crucial to the 

understanding and enlightened management of forest ecosystems.  Both harvestable 

timber for the forest industry and conservation of biodiversity need to be maintained 

through time, and these objectives need to be aligned with harvesting systems based 
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on natural disturbance processes. For example, large live trees, snags, and logs 

provide attributes of mature forest habitat, maintain structural diversity, and provide 

continuity in the regenerating forest (McComb et al., 1993; Franklin et al., 2002). 

 IDF forests in BC have been managed by stand-level partial cutting for 50-60 

years (Vyse et al. 1998).  Various methods of tree marking and diameter-limiting harvest 

have been implemented during this period (Klenner and Vyse, 1998).  Most IDF stands 

have been logged at least once and records show that some stands have been logged 

three times in the last 90 years (Vyse et al. 1991).  Interior Douglas-fir is still the 

dominant species and, as in the past (based on old photographs), size distributions are 

still irregular with varying numbers of regeneration, poles, and canopy stems.  The 

largest trees rarely exceed 30 m in height and 70 cm in diameter.  Stand volumes range 

widely, but reach 250-300 m3/ha in relatively undisturbed stands.  Stand conditions vary 

widely at the local level, but the same pattern is repeated throughout the region (Vyse et 

al. 1991; Klenner and Vyse 1998).   

 An “open” forest canopy of Douglas-fir with some lodgepole pine (Pinus contorta 

(Dougl. var. latifolia Engelm.)) and understory grasslands and shrublands is typical of 

these dry ecosystems. To date, “forest range” habitats in IDF forests have received little 

attention in terms of maintaining biodiversity. BC’s grasslands are most prevalent in the 

arid valley bottoms which coincide with popular and rapidly growing urban centres.  

Grassland habitats represent less than 1% of BC’s landbase, and this limited habitat is 

critical to the survival of an estimated 30% of the province’s threatened or endangered 

species (BC MAFF 2004).  Grasslands, both “open range” in the BG zone, and “forest 
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range” in IDF and PP forests, are very important for the ranching industry, which has 

been grazing livestock within BC since the 1850’s.  

 Cattle grazing occurs throughout virtually all areas of the southern interior IDF, 

PP, and BG zones.  In other parts of North America, several studies report that grazing 

disturbance significantly decreased the overall abundance and richness of small mammal 

communities compared to ungrazed exclosure habitats (Bock et al. 1994; Rosenstock 1996; 

Hayward et al. 1997; Giuliano and Homyack 2004).  In all of these studies, reduced herb cover 

was reported as the most probable cause for the observed decrease in small mammal 

abundance and richness following grazing.  Generalist species such as deer mice (Peromyscus 

maniculatus (Wagner)) and chipmunks (Tamias spp.) seem to dominate small mammal 

communities in grazed ranges, as well as in harvested forest sites > 5 years of age, once the 

specialist microtine species decline (Sullivan et al. 2008).   

 Thus, are we able to maintain stand structure and “forest range” attributes in 

managed dry Douglas-fir forests as these ecosystems become increasingly valuable as 

sources of wood fibre?  One way to measure biodiversity and ecological sustainability is 

to compare specific features of managed forests with unmanaged mature/old-growth 

forests by way of “keystone structures” (Tews et al. 2004) and “ecological indicators”  

such as small mammal species (Carey and Harrington 2005; Pearce and Venier 2005). 

This quest is critical to future productivity (timber supply) and ecological features (biodiversity) of 

second-growth forests.  Certification processes will likely focus on the issue of sustainability of 

managed forests to provide timber and ecological services through time.    

 In the IDF zone, a small mammal species which fits this criterion is the southern red-

backed vole (Myodes gapperi (Vigors), formerly Clethrionomys gapperi (Vigors)), which is 

considered to be a ‘keystone species’ of late successional conditions in the boreal and 
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temperate forests (particularly spruce (Picea spp.), true fir (Abies spp.), and Douglas-fir 

forests) of North America (Raphael 1988; Nordyke and Buskirk 1991; Hayward and 

Hayward 1995; Sullivan et al. 1999).  Forests with these dominant tree species provide the 

necessary mesic forest-floor conditions of abundant organic debris with an abundance of 

stumps, rotting logs, and exposed roots that provide moisture and hypogeous fungi which 

are major determinants of optimum habitat for red-backed voles (Getz 1968; Yahner 1986).  

The presence of understory shrubs and young conifers also appear to be important habitat 

elements for this species (Carey and Johnson 1995; Moses and Boutin 2001), and may 

help to ameliorate microclimatic conditions.  This microtine is a critical prey species for 

several carnivores such as marten (Martes americana (Turton)) and various birds of prey 

(Ruggiero et al. 1995).  In addition, red-backed voles consume mycorrhizal fungal 

sporocarps and disperse these spores via their fecal pellets (Maser et al. 1978). Thus, this 

species should provide an indication of the effectiveness of residual stand structures to 

maintain biodiversity in partially harvested Douglas-fir stands.   

 A second small mammal species, the heather vole (Phenacomys intermedius 

(Merriam)), occurs in openings in Douglas-fir forests.  Heather voles are uncommon and 

found primarily in dry, open coniferous forests with an understory of low shrubs, as well 

as shrubby vegetation on the borders of forests and in moist, mossy meadows (Banfield 

1974).  Sullivan et al. (2000, 2008) reported that clearcut, young pine, and seed-tree 

stands provided habitat for this species with average densities ≤ 1 animal/ha.  This low 

density was at the lower end of a range of 0.5-4.3 animals/ha for heather voles reported 

in montane forest in southwestern Alberta (Innes and Millar 1982).  Heather voles were 

not trapped in closed pine or spruce-fir forests in Alberta (Millar et al. 1985), but this 
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species did occur in pine forests of Ontario (Naylor et al. 1985).  This species should 

provide an indication that sufficient patches of grassland/shrubland are being 

maintained in these managed forests. 

 A third species is the long-tailed vole (Microtus longicaudus (Fatio)) which prefers 

early successional vegetation after harvesting disturbances, particularly an abundance of 

herbs and shrubs providing food and cover (Getz 1985; Smolen and Keller 1987).  

Population changes in the long-tailed vole appear to be annual (Van Horne 1982; Taitt and 

Krebs 1985), but Sullivan and Sullivan (2001) reported a multi-annual fluctuation in 

abundance of this microtine.  Thus, this species may also be a good indicator of the 

maintenance of grassland habitat.  Multi-annual population fluctuations appear to require a 

minimum level of vegetative cover to generate increases in abundance of long-tailed voles. 

Thus, this study was designed to test the hypotheses that, at 10-12 years after 

partial harvesting of dry Douglas-fir forests, (1) abundance (e.g., basal area and density 

of coniferous trees and amount of vegetation) and diversity (e.g., species diversity and 

structural diversity of the herb, shrub, and tree layers) of various aspects of stand 

structure, and  abundance of M. gapperi ,will decline; (2) “forest range” conditions based 

on canopy cover and understory vegetation, and abundance of P. intermedius and M. 

longicaudus  will be maintained or increase, with higher levels of partial cutting of  

Douglas-fir (e.g., gradient of uncut, historical cut, single tree selection, and patch cut). 

 

Study area and methods 

Study area 
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This study was conducted in the Bald Range 25 km west of Summerland in 

south-central BC, 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 is rolling hills at 1300 to 1520 m elevation.  These ecological 

zones 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 mean annual precipitation ranging from 30 to 90 cm.  Much of the IDF 

zone has open to closed mature forests of Douglas-fir, with even-aged post-fire 

lodgepole pine stands at higher elevations.  In the Montane Spruce landscape, there 

are extensive, young and maturing seral stages of lodgepole pine, which have 

regenerated after wildfire and clearcut harvesting.  Hybrid interior spruce (Picea 

engelmannii x P. glauca (Moench) Voss) and subalpine fir (Abies lasiocarpa (Hook.) 

Nutt.) 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 (Michx.)) and black 

cottonwood (Populus trichocarpa (T. & G.)) are common seral species (Meidinger and 

Pojar 1991). 

   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 area of Douglas-fir forest, 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 

(Fig. 1).  These patch cut units had no site preparation and were planted with Douglas-
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fir and lodgepole pine seedlings in fall 1997.  A nearby 160-ha area was harvested by single 

tree selection during the same period and three replicate sites were chosen in this harvested 

unit (Fig. 1).  Three sites of IDF forest with historic (1962-64) diameter-limit cutting were 

selected for comparison with these recently harvested units.  Finally, three sites of 

mixed Douglas-fir – lodgepole pine forest in the MSdm subzone, which had no history of 

harvesting, were selected as controls (no treatment) to complete the design.  

 

Experimental design 

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

treatments.  The 12 sites (4 treatments x 3 replicates) were selected on the basis of 

operational scale, reasonable proximity, and availability of partial harvest systems that 

were the size of typical forestry operations.  All sites were spatially segregated to 

enhance statistical independence (Hurlbert, 1984).  

 

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 randomly 

located at trap stations on the 9-ha live-trapping grid (for arboreal mammals) in each 

site in June 2008.  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 for seed-trees 

(retained trees at the time of harvesting) was added for the single seed-tree and group 

seed-tree stands; and for veteran (≥ 50 cm dbh) trees for the uncut forest stands. Tree 
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layers were defined as “understory” (< 3 m height), “overstory” or “dominant layer” (> 3 

m height), and “seed-tree” (harvested stands) or “veteran layer” (uncut stands). 

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 will be recorded:  (a) 

species, (b) diameter where line crosses wood (cm), and (c) hardness (5 decay classes).  The 

physical characteristics of each 20-m x 20-m plot were recorded with respect to aspect, slope, 

site position, and other ecologically relevant features. 

 

Understory vegetation 

Three 25-m transects, consisting of five 5-m x 5-m plots, were located in each of 

the 12 experimental sites to sample understory vegetation, following the method of 

Stickney (1980).  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.  These data were then used to 

calculate crown volume index (m3/0.01 ha) for each species.  The product of percent 

cover and representative height gave the volume of a cylindroid which represented 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 the 

values given for each species and layer (mosses-lichens, herbs, shrubs, and trees).  

Sampling was conducted annually in August 2006.  Grasses, mosses, and lichens were 

not identified to species.  Plant species were identified in accordance with Hitchcock 
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and Cronquist (1973) and Parish et al. (1996).  Calculations of species richness and 

species diversity were done with these datasets. 

 

Small mammal populations 

Small mammal populations were sampled at 4-week intervals from July to 

October 2006 and May to October 2007 and 2008.  One trapping grid (1 ha) with 49 (7 x 

7) trap stations at 14.3-m intervals, and one Longworth live-trap at each station, was 

located on each site.  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 three 

indicator species: the southern red-backed vole, heather vole, and long-tailed vole. 

Other species included the deer mouse, northwestern chipmunk (Tamias amoenus 

(Allen)), meadow vole (Microtus pennsylvanicus (Ord)), western jumping mouse (Zapus 

princeps (Allen)), montane shrew (Sorex monticolus (Merriam)), common shrew (S. 

cinereus (Baird)), and short-tailed weasel (Mustela ermine (L.)).  All small mammals 

(except shrews and weasels) captured were ear-tagged and immediately released at 

the point of capture (Krebs et al. 1969).  Unfortunately, there was a high mortality rate 

for shrews in the traps overnight, but this was unavoidable in practice. Shrews that died 

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

animals was in accordance with the principles of the Animal Care Committee, University 

of British Columbia. 
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 Trappability (susceptibility to capture) and population density per ha were 

measured to determine the effects of the harvest treatments on abundance of the three 

indicator species, as well as the other members of the small mammal community.  Jolly 

trappability was calculated as per the estimate reported by Krebs and Boonstra (1984).  

Abundance estimates of C. gapperi, M. longicaudus, P. intermedius P. maniculatus, and 

T. amoenus were derived from the Jolly-Seber stochastic model (Seber 1982) with small 

sample size corrections (Krebs 1991).  The minimum number of animals known to be 

alive (MNA) (Krebs, 1966) was used as the population estimate for P. intermedius for 

sampling weeks when the Jolly-Seber estimate could not be calculated. The reliability of 

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

animals are captured (Krebs 1991).  For these situations, the total number of individuals 

captured was used to estimate populations of the M. pennsylvanicus, Z. princeps, S. 

monticolus, S. cinereus, and M. erminea.  Abundance of small mammals was calculated 

using the estimated abundance of each species for a given sampling period, and also 

averaged over the number of sampling periods for each year. 

 

Diversity measures 

Diversity of plant and forest-floor small mammal communities was measured by 

species richness and species 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 1999).  Species diversity was based on the Shannon-

Wiener index which is based on information theory and the degree of difficulty in 

predicting correctly the next species sampled.  This index is sensitive to changes in rare 
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species, has good discriminant ability, and is well represented in the ecological literature 

(Burton et al., 1992; Magurran, 2004).  Diversity of the small mammal community was 

also evaluated by log-series alpha which provides a robust parametric measure 

(Magurran 2004). 

For the plant communities, species diversity of herbs, shrubs, and trees was 

calculated separately, 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 total trees, and understory and overstory 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. 

 Diversity of coniferous stand structure in our treatment stands also used the 

Shannon-Wiener index with coniferous tree species represented by height classes and 

relative abundance represented by density of trees (stems/ha) in the five height classes.  

In addition, we used the coefficient of variation (CV) of tree size, based on mean 

diameter and mean height of the four coniferous tree species, as a measure of 

overstory tree-size diversity (Edgar and Burke 2001; Staudhammer and LeMay 2001). 

 

Statistical analysis 

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

effect of harvest treatments on mean crown volume index of herbs, shrubs, mosses, 

and terrestrial lichens, mean total species richness, and mean total species diversity of 

the herb, shrub, and tree layers.  This ANOVA was also used to evaluate differences in 
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mean abundance, mean species diversity, and mean structural diversity of coniferous 

tree layers, as well as to compare mean diameter, mean height, mean BA, and mean 

CVs of tree size (based on mean diameter and mean height) of the four overstory 

coniferous tree species. 

A repeated measures (RM) ANOVA (SPSS Institute Inc. 2007) was conducted to 

determine the effects of treatment and time (2006-2008) on mean abundance of the 

three indicator species, the other small mammal species, mean total abundance, and 

mean species richness and species diversity of the overall small mammal community.  

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.  

Overall mean (n = 9; 3 replicates x 3 years) values and 95% confidence intervals 

(CI) were calculated for abundance of red-backed voles, heather voles, and long-tailed 

voles among the treatments sites.  Duncan’s multiple range test (DMRT) was used to 

compare mean values, whenever a significant difference was found, based on ANOVA 

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

 

Results 

Understory vegetation 
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Table ?.  Mean (n = 3 replicate sitesα) ± SE small mammal abundance over 3 years of sampling and results of repeated 

measures analysis of variance (RM-ANOVA).  Means with different letters are significantly different (P = 0.05) by 

Duncan’s Multiple Range Test. 

 Site RM-ANOVA results 
Species and 

Patch cut 
Individual tree 

selection 
Historical cut Uncut forest 

Site Time Site x time 
 period F3,7 P F2,14 P F6,14 P 
Myodes gapperi    2.17 0.18 1.71 0.22 0.46 0.83 
 2006 3.03±2.08 2.20±1.51 4.13±3.88 12.81±3.81       
 2007 2.55±0.39 3.11±1.47 3.70±2.87 9.31±2.82       
 2008 1.59±0.94 2.32±1.20 1.75±0.58 7.01±1.30       
Peromyscus maniculatus    1.11 0.41 17.45 <0.01 2.34 0.09 
 2006 6.70±1.51 7.79±1.97 4.68±2.93 12.43±4.76       
 2007 7.64±0.55 13.3±3.89 7.62±4.95 10.50±3.06       
 2008 6.09±1.20 7.03±2.54 2.55±2.38 5.86±1.52       
Phenacomys intermedius    1.10 0.41 1.31 0.30 2.12 0.12 
 2006 0.33±0.08 1.83±1.71 0.25±0.25 0±0       
 2007 1.61±0.94 0.33±0.33 0±0 0±0       
 2008 0.22±0.15 0.22±0.22 0.09±0.09 0±0       
Tamias amoenus    4.09 0.06 10.98 <0.01 0.77 0.61 
 2006 5.92±0.96 3.54±2.67 4.42±1.17 1.69±1.04       
 2007 10.69±0.36 7.94±3.89 7.25±1.52 2.51±1.18       
 2008 10.28±0.30 5.87±2.62 8.56±2.76 1.56±0.11       
Microtus longicaudus    12.37 <0.01 19.76 <0.01 5.50 <0.01 
 A A A B       
 2006 6.83ab±2.40 9.71a±2.54 2.88b±1.88 0c±0       
 2007 2.28a±0.64 2.61a±1.12 2.42a±1.25 0b±0       
 2008 0.22b±0.15 0.50b±0.42 1.67a±0.34 0b±0       
α n = 2 for the “historical cut” site. 
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Table ?.  Mean (n = 3 replicate sitesα) ± SE small mammal recruitment over 3 years of sampling and results of repeated measures 
analysis of variance (RM-ANOVA).  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).  Means with different letters are significantly 
different (P = 0.05) by Duncan’s Multiple Range Test. 
 Site Site 
Species and 

Patch cut 
Individual tree 

selection 
Historical cut Uncut forest 

Site Time Site x time 
 period F3,7 P F2,14 P F6,14 P 
Myodes gapperi    2.18 0.18 2.45 0.12 1.18 0.37 
 2006 5.00±2.31 5.67±3.48) 7.00±6.00) 21.00±4.93)       
 2007 5.33±0.33 9.33±4.63) 6.50±2.50) 26.00±6.66)       
 2008 2.67±1.67 5.00±2.65) 9.00±3.00) 19.33±4.10)       
Peromyscus maniculatus    1.55 0.29 8.72 <0.01 2.34 0.09 
 2006 12.67±3.67 15.67±3.84) 9.50±3.50) 16.67±4.41)       
 2007 21.33±3.18 28.67±5.61) 18.00±9.00) 22.67±6.57)       
 2008 18.67±3.67 21.00±5.57) 6.00±5.00) 15.33±3.28)       
Phenacomys intermedius    1.70 0.25 1.75 0.21 4.32 0.01 
 2006 1.33±0.33 5.00±4.51) 1.00±1.00) 0±0)       
 2007 5.33a±1.33 2.00ab±2.00) 0b±0) 0b±0)       
 2008 1.33±0.88 1.33±1.33) 0.50±0.50) 0±0)       
Tamias amoenus    8.44 0.01 2.79* 0.10 3.17* 0.04 
 A AB BC C       
 2006 11.67a±1.33 5.33a±3.38) 6.50a±1.50) 0.33b±0.33)       
 2007 16.33±2.33 9.33±0.88) 4.00±4.00) 4.33±0.88)       
 2008 13.00a±1.53 7.00ab±3.00) 6.50ab±0.50) 3.00b±1.00)       
Microtus longicaudus   B 29.65 <0.01 12.9 <0.01 2.61 0.07 
 A A A        
 2006 18.67±5.36 25.67±5.90) 10.00±6.00) 0±0)       
 2007 7.67±1.33 7.67±2.60) 10.50±5.50) 0±0)       
 2008 1.33±0.88 2.33±1.86) 5.00±4.00) 0±0)       
α n = 2 for the “historical cut” site. 
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Table 3.  Mean (n = 3 replicate sites) ± SE crown volume index (m3/0.01 ha) of herbs, shrubs, mosses, and terrestrial 

lichens and total species richness and total species diversity of vascular plants in the four treatment stands and results 

of analyses at the Summerland study area, British Columbia.  Within a row, values followed by different letters are 

significantly different. 
       Analysis 

Vegetation attribute 
Patch cut 

Individual tree 
selection 

Historical cut Uncut forest 
F 3,7 P 

Volume       

      Herbs 5.36±0.86 8.68±2.82 6.18±2.10 8.68±4.45 0.33 0.81 

      Shrubs 8.82±4.24 5.8±2.64 4.78±1.80 2.45±1.00 0.90 0.49 

      Mosses 1.07±0.55 1.20±0.83 0.57±0.09 2.68 ± 2.08 0.49 0.70 

      Terrestrial lichens 0.41±0.12 0.30±0.02 0.29±0.07 0.28±0.03 0.66 0.60 

Species richness       

      Herbs 7.89±0.62 10.11±0.67 7.67±1.34 5.56±2.51 1.57 0.28 

      Shrubs 6.22±0.91 5.00±0.69 4.50±1.17 5.22±1.09 0.54 0.67 

      Total 16.00±1.26 16.56±1.44 14.00±3.33 13.55±3.27 0.40 0.76 

Species diversity       

      Herbs 1.90±0.10 1.96±0.11 1.33±0.06 1.12±0.46 2.45 0.15 

      Shrubs 1.13±0.12 1.22±0.35 1.49±0.30 1.75±0.19 1.35 0.33 

      Total 0.62±0.17 0.30±0.10 0.57±0.46 1.25± 0.16 4.11 0.06 

α n = 2 for the “historical cut” site. 
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Fig. 1.  Photograph of site that was clearcut harvested (1978) with seed-tree reserves 

(aggregated retention) and the same site 29 years later (2007) with regenerated 

lodgepole pine in the understory and retained Douglas-fir in the overstory. 

Fig.4.  Mean (n=3 replicate sites) structural diversity based on the coefficient of 

variation of tree diameter within the combined dominant and seed-tree or veteran layers 

(all trees > 3 m in height) for the four tree species in the four treatment stands.  Within a 

species, histograms with different letters are significantly different. Pl: lodgepole pine; 

DF Douglas-fir; SubAl subalpine fir; Sp spruce. 

Fig. 5.  Mean (n=3 replicate sites) structural diversity based on the coefficient of 

variation of tree height within the combined dominant and seed-tree or veteran layers 

(all trees > 3 m in height) for the four tree species in the four treatment stands.  Within a 

species, histograms with different letters are significantly different. Pl lodgepole pine; DF 

Douglas-fir; SubAl subalpine fir; Sp spruce. 

Fig. 6.  Mean (n=3) crown volume index (m3/0.01 ha) of (a) herbs and (b) shrubs in the 

young pine, single-seed-tree, group seed-tree, and uncut forest stands in 2005 at  

Summerland. Histograms with different letters are significantly different by DMRT. 

Fig. 7.  Mean (n=3 replicate sites) crown volume index (m3/0.01 ha) of (a) mosses and 

(b) terrestrial lichens in the young pine, single-seed-tree, group seed-tree, and uncut 

forest stands in 2005 at Summerland. 

Fig. 8.  Mean (n=3)  (a) total species richness and (b) total species diversity of herbs, 

shrubs, and trees in the young pine, single-seed-tree, group seed-tree, and uncut forest 

stands in 2005 at Summerland. 
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Fig. 9.  Mean (n=3) total abundance per ha of (a) red-backed voles (Myodes gapperi) 

and (b) deer mice (Peromyscus maniculatus) in the young pine, single-seed-tree, group 

seed-tree, and uncut forest stands in 2005-2007 at the Summerland study area. 

Fig. 10.  Mean (n=3) total abundance per ha of (a) common shrew (Sorex cinereus) and 

(b) heather voles (Phenacomys intermedius) in the young pine, single-seed-tree, group 

seed-tree, and uncut forest stands in 2005-2007 at the Summerland study area. 

Fig. 11.  Mean (n=3) total abundance per ha of (a) total small mammals and (b) 

northwestern chipmunks (Tamias amoenus) in the young pine, single-seed-tree, group 

seed-tree, and uncut forest stands in 2005-2007 at the Summerland study area. 
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