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1.0  EXECUTIVE SUMMARY 
 

A mountain pine beetle (MPB) (Dendroctonus ponderosae) outbreak in the mid-
1970’s in the southern interior of B.C. resulted in relatively widespread salvage logging 
of lodgepole pine (Pinus contorta)  from mixed pine – Douglas fir (Pseudotsuga 
menziesii) stands and mixed pine – western larch (Larix occidentalis) stands.  In pine-
leading stands, fir or larch are left as residual standing trees.  These "seed trees" 
provide a source of fir regeneration to provide a secondary species to lodgepole pine, 
which regenerates naturally  from abundant cone slash.  This 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, this form of green-tree 
retention is not a new management approach to salvage or conventional timber 
harvesting in this region. 

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

investigation of the influence of MPB-salvage harvesting of lodgepole pine on stand 
structure and biodiversity 30 years after cutting. Stands with residual green trees, 
composed of dispersed to aggregated Douglas fir with understory lodgepole pine, cover 
several landscapes in the southern interior, having arisen from harvesting over the past 
30 years. Thus, a major question is: how do these stands compare to those uncut in 
terms of stand structure and development of late seral forest conditions?  This question 
has direct relevance to sustainable forest management for wildlife habitat and 
biodiversity.   It also provides a profound 30-year vision into the future of “Life after the 
Beetle”. 

 
Stand structure and the responses of several mammal groups are being used as  

indicators of sustainability and biodiversity.  Examples of these species and groups are 
the southern red-backed vole (Clethrionomys gapperi) and the masked shrew (Sorex 
cinereus) on the forest-floor, and the red squirrel (Tamiasciurus hudsonicus) and  
northern flying squirrel (Glaucomys sabrinus) in the arboreal mammals, and mule deer 
(Odocoileus hemionus) in the large mammals.  Large herbivorous mammals such as 
mule deer may be affected by variable retention harvests because habitat use by this 
species is particularly 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. 

 
Objectives for the 3-year study were: 

In 30-year-old stands of lodgepole pine, with a range of green-tree retention (dispersed 
and aggregated Douglas fir), and uncut mature/old-growth stands, compare: 
 
1)  Stand structure attributes (species diversity and structural diversity of herb, shrub, 

and tree layers); 
2)  Population dynamics of two species of forest-floor small mammals and overall 

species richness and diversity;  
3)  Population dynamics of two species of arboreal small mammals: the northern flying 

squirrel and red squirrel; and 
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4)  Relative habitat use by mule deer during summer and winter seasons. 
  
The study was conducted in the Bald Range 25 km west of Summerland, B.C. in 

the Montane Spruce (MSdm) biogeoclimatic zone.  Clearcut harvesting of lodgepole pine 
with dispersed (single) and aggregated (group) seed-tree reserves of Douglas fir began 
in this area in the mid-1970s in response to an outbreak of MPB.  Depending on the 
original composition of the harvested stands and the degree of windthrow damage after 
harvesting, the number of residual Douglas-fir range from a few trees per ha up to a 
maximum of approximately 100 trees/ha.  The original silvicultural goal with seed-trees 
was to maintain, and perhaps increase, the proportion of Douglas-fir in the regenerated 
forest.  Lodgepole pine regenerated naturally after harvesting and is the dominant tree 
species in these young stands. 

  
The experimental design was completely randomized with 3 replicates each of  
 (a) young pine (no residual trees) 
 (b) single seed-tree (dispersed retention) 
 (c) group seed-tree (aggregated retention) 
 (d) uncut stands.  

 
For coniferous stand structure, mean basal area of overstory trees was 

significantly higher in the uncut forest (71.34 m2/ha) than in all three harvested sites 
(mean of 33.96 m2/ha) which were similar.  However, mean density of overstory trees 
was similar among stands ranging from 1402 to 2303 stems/ha. The various height 
classes of understory trees and total conifers also followed this pattern.  In terms of 
relative species composition of the four conifers, mean abundance of lodgepole pine 
was significantly different among stands with similar densities in the single seed-tree 
and young pine stands, the two seed-tree stands, and then the uncut forest stands. The 
other three conifers, Douglas-fir, subalpine fir (Abies lasiocarpa), and interior spruce 
(Picea glauca x P. engelmannii), had similar mean abundances among stands. 

 
Mean species diversity of total conifers and for those conifers > 3 m were similar 

among stands.  Mean structural diversity of the five height classes was also similar 
among stands. Another measure of structural diversity was variation in tree sizes for 
each species and stand, based on the coefficient of variation of mean diameter and 
height.  The mean coefficient of variation for diameter was significantly different for 
Douglas-fir with the seed-tree stands having a greater range of diameters than the other 
stands.  This same pattern was also recorded for mean coefficient of variation for tree 
height of Douglas-fir.  The mean coefficient of variation for tree height for lodgepole pine 
was also significantly different with a gradation in structural height diversity from the 
single-seed tree to uncut forest. 

 
For understory vegetation, mean crown volume index of herbs was similar 

among treatments.  However, mean volume of shrubs was significantly different among 
stands with the young pine and group seed-tree stands having higher amounts of shrub 
biomass than the single-seed tree and uncut forest stands.  Mean total species richness 
and species diversity  were similar among stands. 
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Mean total abundance of forest-floor small mammals was similar among stands.  
Similarly, there was no overall difference among stands in mean total species richness. 
The response of forest floor small mammals in terms of mean species diversity was 
similar among stands for both the Shannon-Wiener index and also the log-series 
measurement.  However, overall mean log-series diversity did indicate that the seed-
tree stands had higher (non-overlapping 95% CIs) species diversity than the uncut 
stands. Population changes of the red-backed vole indicated that this microtine was 
consistently higher in mean abundance per ha in the uncut forest than other stands.  On 
average, populations of red-backed voles were 2.3 to 6.4 times higher in the uncut than 
harvested sites.  Population changes of the masked shrew were similar among 
treatment stands with respect to mean abundance.   
 
 For the arboreal mammals, there were higher numbers of red squirrels in the 
group seed-tree than uncut forest stands, with mean numbers ranging from 12 to 17 per 
9 ha.  The pattern of overall mean abundance for northern flying squirrels was similar 
among treatment stands, with a lower range of densities from 2 to 4 squirrels per 9 ha.  
  
  The number of mule deer pellet-groups (relative habitat use) was similar among 
treatments during summer and winter periods 2005 to 2007.  However, overall mean 
numbers of deer pellet-groups indicated a higher degree of relative habitat use of the 
seed-tree sites than the young pine in both summer and winter.  Another pattern was 
observed for snowshoe hares where there was higher numbers of pellets in the young 
pine and seed-tree stands than uncut stands in both summer and winter.  
 

In conclusion, for  24 response variables measured, the seed-tree stands were 
the same or higher than the uncut stands in 22 cases (91.7%).  In 2 cases (BA of total 
conifers and abundance of red-backed voles), the uncut forest had higher values than 
the other stands.  Thus, at 30 years after harvesting, we have an indication of how close 
we are to managing forests sustainably with respect to wildlife habitat and biodiversity.  
These attributes seem similar in forests with residual fir trees compared with uncut 
mature/old-growth forests.   

 
2.0  BACKGROUND and RATIONALE 
 

2.1  Introduction 
 
An ecosystem approach to forest management is being adopted throughout the 

Pacific Northwest of Canada and the United States (Franklin et al. 1989, 1997).  A 
common definition of ecosystem management involves the recognition that provision of 
diverse benefits from forests may be achieved by allowing natural processes to occur or 
by emulating natural processes through management (Slocombe 1993; Rose and Muir 
1997; Franklin et al. 2002).  Forest management regimes that emulate natural 
disturbances (e.g. mountain pine beetle (MPB) (Dendroctonus ponderosae) outbreaks, 
wildfires and windthrow events) leave standing green and dead trees, as well as 
variable levels and structural complexity of woody debris. 
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In many disturbance events, some pockets of residual live trees are often left, 
depending on the severity of the disturbance and tree species composition.  This 
pattern of patchy natural disturbance that leaves live trees as individuals and in clumps 
forms the basis for green-tree retention.  In terms of ecosystem management, green-
tree retention leaves large live trees after harvest to persist through the next rotation to 
increase structural diversity of the regenerating stand and provide mature forest habitat 
that develops sooner than in typical even-aged management by clearcutting (McComb 
et al. 1993; North et al. 1996; Franklin et al. 1997).   This structural diversity retains 
some later seral conditions such as a multi-layered canopy, provides a future supply of 
large snags and down logs, and may increase microsite variability for a more diverse 
understory (Gillis 1990). 

 
A MPB outbreak in the mid-1970’s in the southern interior of B.C. resulted in 

relatively widespread salvage logging of lodgepole pine (Pinus contorta) from mixed 
pine – Douglas fir (Pseudotsuga menziesii) stands and mixed pine – western larch 
(Larix occidentalis) stands.  In pine-leading stands, fir or larch are left as residual 
standing trees.  These "seed trees" provide a source of fir regeneration to provide a 
secondary species to lodgepole pine, which regenerates naturally  from abundant cone 
slash.  This 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, this form of green-tree retention is not a new management approach to salvage or 
conventional timber harvesting in this region. 

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

investigation of the influence of harvesting lodgepole pine on stand structure and 
biodiversity 30 years after cutting. Stands with residual green trees, composed of 
dispersed to aggregated Douglas fir with understory lodgepole pine, cover several 
landscapes in the southern interior, having arisen from harvesting over the past 30 
years. Thus, a major question is: how do these stands compare to those uncut in terms 
of stand structure and development of late seral forest conditions?  This question has 
direct relevance to sustainable forest management for wildlife habitat and biodiversity.  
It also provides a profound 30-year vision into the future of “Life after the Beetle”. 
 

Large-scale harvest studies in mature, late successional forests began in the mid 
1990s (Aubry et al., 1999; Halpern et al. 1999; Sullivan et al. 2001a).  However, some 
retrospective studies in the Pacific Northwest of the U.S., 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), canopy lichen communities 
(Peck and McCune, 1997), 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).  However, there are no studies 
investigating a range of mammal responses to a variety of retention levels for residual 
green trees over meaningful lengths of time (i.e. decades). 
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 Forest floor and arboreal small mammal communities may provide a measure of 
ecosystem function within temperate coniferous forests (Aubry et al., 1991).  There are 
several ecological roles associated with small mammals such as consumption of 
invertebrates (Buckner, 1966), distribution of beneficial mycorrhizal fungi (Maser et al. 
1978), consumption of plants and plant products (Sullivan et al., 1990), and serving as 
prey for a wide variety of avian, reptilian, and mammalian predators (Martin, 1994).  
Thus, abundance and diversity of forest floor and arboreal small mammals, as individual 
species and as groups, may serve as indicators of change in forest structure.  
 

Coniferous stand structure and the responses of several mammal groups are 
being used as  indicators of sustainability and biodiversity.  Examples of these species 
and groups are the southern red-backed vole (Clethrionomys gapperi) and the masked 
shrew (Sorex cinereus) on the forest-floor, and the red squirrel (Tamiasciurus 
hudsonicus) and northern flying squirrel (Glaucomys sabrinus) in the arboreal 
mammals, and mule deer (Odocoileus hemionus) in the large mammals.  Large 
herbivorous mammals such as mule deer may be affected by variable retention 
harvests because habitat use by this species is particularly 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. 

 
 This study determined the ecological impacts of harvesting lodgepole pine with 

variable retention of Douglas-fir as major stand-level structures to maintain biodiversity 
over time. This 30-year vision into the future is a unique opportunity to quantify these 
impacts and provide an inference of biodiversity by using ecological indicators of 
coniferous stand structure and an array of mammal species (Carey and Harrington 
2001; Pearce and Venier 2005).  Variable retention in these mixed stands is currently a 
major method of harvesting throughout the southern interior and in some coastal areas 
as well.  What functions will these retained structures provide in future decades?  Will 
stand-level biodiversity be maintained?  Can we look 30 years into the future?   

 
This study provided a way of inferring biodiversity and sustainability by 

comparing structural attributes and mammal species and groups as ecological 
indicators across the various stand types.  At 30 years after harvesting, we have an 
indication of how close we are to managing forests sustainably by comparing wildlife 
habitat and biodiversity, in forests with residual fir trees, to those in uncut mature/old-
growth forests.  The project has advanced existing knowledge on stand-level structures 
and biodiversity by examining past disturbance to provide a picture of forest conditions 
3 decades into the future. 

 
2.2  Objectives 
  
Objectives for the 3-year study were: 

In 30-year-old stands of lodgepole pine, with a range of green-tree retention (dispersed 
and aggregated Douglas fir), and uncut mature/old-growth stands, compare: 
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1)  Stand structure attributes (species diversity and structural diversity of herb, shrub, 
and tree layers); 
 
2)  Population dynamics of two species of forest-floor small mammals and overall 
species richness and diversity;  
 
3)  Population dynamics of two species of arboreal small mammals: the northern flying 

squirrel and red squirrel; and 
 
4)  Relative habitat use by mule deer during summer and winter seasons. 
 
3.0  METHODS 
 

3.1  Experimental Design 
 

The 3-year study was conducted in the Bald Range 25 km west of Summerland, 
B.C. in the Montane Spruce (MSdm) biogeoclimatic zone.  Clearcut harvesting of 
lodgepole pine with dispersed (single) and aggregated (group) seed-tree reserves of 
Douglas fir began in this area in the mid-1970s in response to an outbreak of MPB.  
Depending on the original composition of the harvested stands and the degree of 
windthrow damage after harvesting, the number of residual Douglas-fir range from a few 
trees per ha up to a maximum of approximately 100 trees/ha.  The original silvicultural 
goal with seed-trees was to maintain, and perhaps increase, the proportion of Douglas-
fir in the regenerated forest.  Lodgepole pine regenerated naturally after harvesting and 
is the dominant tree species in these young stands. 

 
The experimental design was completely randomized with 3 replicates each of  
 
 (a) young pine (no residual trees) (K,L,M) 
 (b) single seed-tree (dispersed retention) (T’,U’,V’) 
 (c) group seed-tree (aggregated retention) (N,O,P) 
 (d) uncut stands (Q,S,Z) (see Figs. 1 and 2).  
 



 11

Figure 1.  Location of the 12 treatment stands on the Bald Range study area west of Summerland. 
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Figure 2.  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. 

 
1978 

 
 

2007 
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 3.2  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 
stand in August 2007.  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 (≥ 52 cm dbh) trees for the uncut forest stands. 
Tree 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). 

 
3.3  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 12 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 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 for each 
subplot.  These data were then used to calculate crown volume index (m3/0.01 ha) for 
each plant species (Stickney 1985).  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 a tabular value given for each 
species and layer.  Sampling was done in July-August 2005.  Plant species were 
identified in accordance with Parish et al. (1996) and Hitchcock and Cronquist (1973).  
Species richness, species diversity and structural diversity were calculated for these 
data. 
 
 3.4  Forest Floor Small Mammals 
 

Forest floor small mammals were sampled six times at 4-week intervals from 
May to October 2005 and 2006, and four times during 2007.  Each treatment stand had 
a trapping grid (1 ha) with 49 (7 x 7) trap stations at 14.3-m intervals with one 
Longworth live-trap at each station.  Traps were supplied with whole oats, 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  
southern red-backed vole, deer mouse (Peromyscus maniculatus), northwestern 
chipmunk (Tamias amoenus), meadow vole (Microtus pennsylvanicus), long-tailed vole 
(M. longicaudus), heather vole (Phenacomys intermedius), montane shrew (Sorex 
monticolus), masked shrew, and short-tailed weasel (Mustela erminea).  
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3.5  Arboreal Small Mammals 
 
Arboreal mammals, the northern flying squirrel and red squirrel, were sampled at 

4- to 6-week intervals in early winter (October-November) and early spring (March-April) 
in 2006-2008.  Each treatment stand had a 9-ha trapping grid with 100 (10 x 10 or 6 x 
16 + 4) stations at 30-m intervals with one Tomahawk live-trap equipped with a nest box 
(1-L plastic jar with coarse brown cotton) at every other station, resulting in ~5 traps/ha.  
Traps were baited with sunflower seeds (Helianthus annuus) and set in the evening on 
day 1 and checked in the morning and afternoon of day 2 and morning of day 3.   
Monitoring of these mammals commenced in the fall of 2006. 

 
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 because of the overnight trapping technique, but 
this was unavoidable in practice.  Shrews that died in traps were collected and identified 
according to Nagorsen (1996).  The pygmy shrew (S. hoyi) and water shrew (S. 
palustris) may also have been present in our sampling areas but were not captured.  
The pygmy shrew ranges in density from 0.5-1.2 animals/ha and is relatively uncommon 
(Nagorsen 1996).  The water shrew is strongly associated with wet habitats at densities 
similar to the pygmy shrew (Nagorsen 1996).  The northern bog-lemming (Synaptomys 
borealis) also occurred within the range of our study area, but is rare (Banfield, 1974), 
and hence was not captured. The northern pocket gopher (Thomomys talpoides) also 
occurred in our study area, but rarely appeared above ground and only one individual 
was captured.  This latter burrowing species and bushy-tailed woodrat (Neotoma 
cinerea) were not considered part of the forest floor small mammal community. All 
handling of animals was in accordance with the principles of the Animal Care 
Committee, University of British Columbia. 

 
 3.6  Abundance Estimates and Standards  
 

To determine the effects of stand treatments on abundance of the major species, 
we measured trappability and population density.  Jolly trappability was calculated 
according to the trappability estimate discussed by Krebs and Boonstra (1984). 
Population estimates of the southern red-backed vole, deer mouse, northwestern 
chipmunk, meadow vole, and long-tailed 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 compare populations of the heather vole, western jumping 
mouse, montane shrew, common shrew, and short-tailed weasel.  Standards are per: 

 
Resources Inventory Committee Publications 
Standards for Components of British Columbia's Biodiversity No. 31 
Inventory Methods for Small Mammals: Shrews, Voles, Mice & Rats (Version 2.0) 
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3.7.1 Recommended Method: Mark Recapture 
3.7.2 Objectives of Surveys 
3.7.3 Open vs. closed populations  
3.7.4 Models of estimation and methods of analysis  
3.7.5 Recommended Models  
3.7.6 Office Procedures  
3.7.7 Sampling Design  
3.7.8 Sampling Effort  
3.7.9 Equipment 
3.7.10 Field Procedures 
 
Data were housed with NRIN in the format of Inventory Methods for Small Mammals 
(Version 2.0).  

 
3.7  Relative Habitat Use of Mammalian Herbivores 
 
Sampling of pellet-groups (and pellets) was used to measure relative habitat use 

by mule deer and snowshoe hares (Lepus americanus) for summer (May to September) 
and winter (October to April) periods, 2005-2008.  All new pellet-groups (minimum of 20 
pellets per group) (or total pellets for hares) on cleared permanent 5-m2 (r = 1.26 m) 
circular plots were counted (Neff 1968; Loft and Kie 1988; Edge and Marcum 1989).  A 
total of 100 plots were located systematically, every 100 m in a grid pattern, throughout 
each site.  Plots were permanently marked with a flagged aluminum “pig-tail” stake in 
the plot center.  Counts of pellets and pellet-groups used a rope of 1.26-m radius 
attached to the center stake and rotated around the plot.  Plots were cleared of all 
pellet-groups at the initial sampling time in early May 2005 and during each subsequent 
sample.  To measure summer habitat use by mule deer and snowshoe hares, pellet-
group and pellet counts,respectively, were done in early October.  Similarly, relative 
habitat use in winter was measured by counting pellets and pellet-groups in early May.  
This same procedure was followed for three summer and three winter periods.  All 
sample plots at the 12 sites were assessed by the same observers throughout the three 
years.  Pellet-group degradation was not likely an issue as only new pellets deposited 
during a given summer or winter period were counted.  Pellet-groups located on the 
edge of a sample plot had to have 50% or more of the group within the plot in order to 
be counted.  The consistency of sampling personnel and the relatively small edge to 
area ratio of our plots likely minimized potential inclusion bias.  Density of pellet-groups 
was estimated per 5 m2 plot and then converted to a per ha value. 

 
Pellet-groups were measured as per standard Ground-based Inventory Methods 

for Selected Ungulates: Moose, Elk and Deer Standards for Components of British 
Columbia's Biodiversity No. 33  Version 2.0. Section 3.5.1. 

 
 3.8  Diversity measures 
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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 
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). 
 
  3.9  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 
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 (2005-2007) on mean total abundance, 
mean species richness, and mean species diversity of small mammals, as well as mean 
abundance of individual species.  Relative habitat use was also compared using this 
RM-ANOVA on mean number of fecal pellet-groups of deer and moose, and mean 
number of pellets for hares during summer and winter periods in 2005-2008.  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 
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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 species richness and log-series diversity of the small mammal 
communities, abundance of red-backed voles, masked shrews, red squirrels, and 
northern flying squirrels, and relative abundance of mule deer fecal pellet-groups and 
snowshoe hare pellets on treatment sites during summer and winter periods.  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. 

 
 

4.0  RESULTS AND DISCUSSION 
 
 4.1  Coniferous Stand Structure 
  
 Mean BA of overstory trees was significantly (F3,8=8.69; P<0.01) higher in the 
uncut forest (DMRT; P=0.05) than in all three harvested sites which were similar (Table 
1).  However, mean density of overstory trees was similar (F3,8=1.09; P=0.41) among 
stands ranging from 1402 to 2303 stems/ha (Table 1). The various height classes of 
understory trees and total conifers also followed this pattern (Table 1).  In terms of 
relative species composition of the four conifers, mean abundance of lodgepole pine 
was significantly (F3,8=14.86; P<0.01) different among stands with similar densities 
(DMRT; P=0.05) in the single seed-tree and young pine stands, the two seed-tree 
stands, and then the uncut forest stands. The other three conifers had similar mean 
abundances among stands (Table 1). 
 
 Mean diameters of lodgepole pine (F3,8=9.06; P<0.01) and Douglas-fir 
(F3,8=36.44; P<0.01) were significantly higher (DMRT; P=0.05) in the uncut forest than 
the other treatment stands which were all similar (Table 2).  Mean height also followed 
this species-specific pattern with significantly (P<0.01) higher values of 18.10 m for 
lodgepole pine and 19.44 m for Douglas-fir in the uncut forest than in the other stands 
(Table 2). Subalpine fir and spruce had similar mean diameters and mean heights 
among stands.  Mean BA of Douglas-fir was significantly (F3,8=7.77; P<0.01) higher in 
the uncut forest (DMRT; P=0.05) than other treatment stands (Table 2). 
 
 Mean species diversity of total conifers (F3,8=1.94; P=0.20) (Fig. 3a) and for 
those conifers > 3 m (F3,8=2.14; P=0.17) were similar among stands.  Mean structural 
diversity of the five height classes was also similar (F3,8=0.73; P=0.57) among stands 
(Fig. 3b).  Another measure of structural diversity is variation in tree sizes for each 
species and stand, based on the coefficient of variation of diameter and height.  The 
mean coefficient of variation for diameter was significantly (F3,8=22.21; P<0.01) different 
for Douglas-fir with the seed-tree stands having a greater (DMRT; P=0.05) range of 
diameters than the other stands (Fig. 4).  This same pattern was also recorded for mean  
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Table 1.  Mean (n=3 replicate sites) ±SE basal area and stand density of overstory (>3 m height) coniferous trees, and 
abundance of understory (<3 m height) conifers, and abundance and species composition of total conifers, with 
results of analyses at the Summerland study area, British Columbia.  Within a row, values followed by different 
letters are significantly different. 

       Analysis 

Parameter Young Pine Single Seed-Tree Group Seed-Tree Uncut Forest F 3,8 P 

Overstory conifers       

  Basal area (m2/ha) 31.44b 30.43b 40.00b 71.34a 8.69 <0.01 

  Density (stems/ha) 1965.0±208.2 2303.3±238.1 1941.7±531.0 1401.7±361.3 1.09 0.41 

Understory conifers       

  0-1 m height class 203.3±97.7 256.7±71.0 488.3±343.4 410.0±121.0 0.48 0.71 

  1-2 m height class 250.0±135.0 286.7±92.5 276.7±49.1 185.0±74.9 0.24 0.87 

  2-3 m height class 260.0±35.5 383.3±119.6 206.7±19.2 95.0±35.0 3.34 0.08 

Total conifers 2678.3±134.2 3230.0±164.8 2913.3±243.4 2091.7±498.0 2.62 0.12 

  Lodgepole pine (%) 1973.3 (73.7)ab 2783.3 (86.2)a 1878.3 (64.4)b 380.0c (18.2) 14.86 <0.01 

  Douglas-fir (%) 258.3 (9.6) 213.3 (6.6) 761.7 (26.2) 655.0 (31.3) 1.08 0.41 

  Subalpine fir (%) 145.0 (5.4) 143.3 (4.4) 141.7 (4.9) 1015.0 (48.5) 2.01 0.19 

  Interior Spruce (%) 301.7 (11.3) 90.0 (2.8) 131.7 (4.5) 41.7 (2.0) 2.47 0.14 
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Table 2.  Mean (n=3 replicate sites) ±SE diameter (cm), height (m), and basal area (BA) (m2/ha) for the four coniferous 
species in the >3 m height class (dominant layer) and seed-tree class (veteran layer) 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 

Parameter and species1 Young Pine Single Seed-Tree Group Seed-Tree Uncut Forest F 3,8 P 

Mean diameter       

          Pl 14.54b±0.24 12.75b±0.86 13.80b±0.90 20.50a±1.94 9.06 <0.01 

          DF 11.40b±0.90 7.44b±1.98 9.68b±3.60 36.34a±1.54 36.44 <0.01 

          SAl 10.50±5.59 5.77±1.31 6.29±3.15 11.69±6.43 0.42 0.74 

          Sp 10.15±1.56 4.23±2.24 1.93±1.93 13.00±6.88 1.80 0.23 

            

Mean height       
          Pl 9.15b±0.62 7.82b±0.54 9.31b±0.44 18.10a±1.38 32.29 <0.01 
          DF 7.70b±0.26 5.77b±1.07 6.98b±1.54 19.44a±2.26 18.66 <0.01 

          SAl 6.08±3.04 4.40±0.58 4.24±2.13 11.31±6.04 0.87 0.50 

          Sp 7.13±0.96 3.47±1.77 1.79±1.79 10.75±5.93 1.50 0.29 

       

Mean BA       

          Pl 28.65±4.52 27.21±3.68 27.34±10.28 11.58±1.42 1.85 0.22 

          DF 1.10b±0.34 2.96b±0.30 10.84b±6.44 49.35a±14.87 7.77 <0.01 

          SAl 0.68±0.35 0.20±0.15 0.56±0.40 8.66±4.65 3.05 0.09 

          Sp 1.01±0.40 0.05±0.04 1.26±1.26 1.75±1.70 0.44 0.73 

       
1  Pl lodgepole pine; DF Douglas-fir; SAl subalpine fir; Sp spruce. 
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Figure 3.  Mean (n=3 replicate sites) (a) species diversity and (b) structural diversity of 
total conifers in the young pine, single seed-tree, group seed-tree, and uncut forest 
stands at Summerland. 
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Figure 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. 
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coefficient of variation for tree height of Douglas-fir (F3,8=18.23; P<0.01) (Fig. 5).  The 
mean coefficient of variation for tree height for lodgepole pine was also significantly 
(F3,8=4.97; P=0.03) different with a gradation (DMRT; P=0.05) in structural height 
diversity from the single-seed tree to uncut forest (Fig. 5). 
 

4.2  Understory Vegetation 
 
Mean crown volume index of herbs was similar (F3,8=0.66; P=0.60) among 

treatments (Fig. 6a).  However, mean volume of shrubs was significantly (F3,8=6.56; 
P=0.02) different among stands with the young pine and group seed-tree stands having 
higher (DMRT; P=0.05) amounts of shrub biomass than the single-seed tree and uncut 
forest stands (Fig. 6b).  Mean crown volume index of mosses (F3,8=0.86; P=0.50) and 
terrestrial lichens (F3,8=0.63; P=0.62) was similar among stands (Figs. 7a and b). Mean 
total species richness (F3,8=1.79; P=0.23) and mean total species diversity (F3,8=2.60; 
P=0.12) were both similar among stands (Figs. 8a and b). 
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Figure 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. 
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Figure 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 byDMRT. 
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Figure 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.  
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Figure 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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 4.3  Forest Floor Small Mammals 
 

P. maniculatus was the most abundant of 10 species with a total of 806 
individuals captured (42.4% of a total of 1900 forest floor mammals) over the 3-year 
study.  The next most abundant species, in terms of individuals, were C. gapperi (618, 
32.5% of total), T. amoenus (145), S. monticolus (112), P. intermedius (90), and S. 
cinereus (78). Numbers of individuals for the less common species were 24 for M. 
pennsylvanicus, 18 for M. longicaudus, 2 for Z. princeps and 7 for M. erminea. 
Susceptibility to capture of the two major species was measured by Jolly trappability 
estimates with mean values of 85.1% (range 57.1-100.0%) for C. gapperi and 84.5% 
(range 66.8-98.7%) for P. maniculatus. 

 
 Population changes of the red-backed vole during 2005-2007 indicated that this 
microtine was consistently higher (F3,8=3.65; P=0.06) in mean abundance per ha in the 
uncut forest than other stands (Fig. 9a, Table 3).  On average, populations of red-
backed voles were 2.3 to 6.4 times higher in the uncut than harvested sites.  Population 
changes of the other major species, the deer mouse, were similar (F3,8=1.30; P=0.34) 
among treatment stands during the 3-year study (Fig. 9b). Mean abundance of both 
species seemed to decline with time (Table 3). 
 
 Population changes of the masked shrew were similar (F3,8=0.97; P=0.45) 
among treatment stands with respect to mean abundance, with numbers declining from 
2005 to 2007 (Fig. 10a, Table 3).  Heather vole populations did show a significant 
(F3,8=6.58; P=0.02) difference among stands with higher (DMRT; P=0.05) numbers in 
the young pine and single-seed-tree stands than the uncut stands (Fig. 10b, Table 3).   
Mean numbers of P. intermedius were similar in the group seed-tree and uncut stands. 
Population changes of the northwestern chipmunk appeared to increase in the young 
pine and group seed-tree stands in fall 2006 and into 2007 (Fig. 11a), but mean 
abundance of this sciurid was similar (F3,8=0.30; P=0.83) among treatment stands 
(Table 3). 
 
 Mean total abundance of forest-floor small mammals was similar (F3,8=1.66; 
P=0.25) among stands (Fig. 11b).  Similarly, there was no overall difference among 
stands in mean total species richness (F3,8=2.06; P=0.19). However, the significant 
(F3,8=4.57; P<0.01) site x time interaction did indicate a significant (DMRT; P=0.05) 
difference in 2006 where the single seed-tree stands had higher richness than the group 
seed-tree or uncut stands, with similar richness levels in the young pine and single 
seed-tree stands (Table 4).  Mean overall species richness tended to follow the above 
trend (Fig. 12a). The response of these forest floor small mammals in terms of mean 
species diversity was similar among stands for the Shannon-Wiener index (F3,8=1.48; 
P=0.29) and also for the log-series measurement (F3,8=3.21; P=0.08) (Table 4).  
However, overall mean log-series diversity did indicate that the seed-tree stands had 
higher (non-overlapping 95% CIs) species diversity than the uncut stands (Fig. 12b). 
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 Figure 9. Mean (n=3) total abundance per ha of (a) red-backed voles 
(Clethrionomys 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.   
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Figure 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.   
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Figure 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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Table 3.  Mean (n=3 replicate sites) ±SE abundance per ha of individual forest floor small mammal species and totals  
each year and results of repeated measures analysis of variance (RM-ANOVA).  F-values identified by * were 
calculated using an H-F correction factor, which decreased the stated degrees of freedom due to correlation among 
repeated measures. ).  Mean values with different letters are significantly different by Duncan’s multiple range test 
(adjusted for multiple contrasts).  Within a row, different uppercase letters represent significant site differences as 
indicated by overall RM-ANOVA.  Lowercase letters are used to indicate the location of significant differences 
resulting from univariate ANOVAs. 

 Site RM-ANOVA results 
Species and Site Time Site x time 
 year 

Young 
pine 

Single 
seed-tree 

Group 
seed-tree 

Uncut 
forest F3,8 P F2,16 P F6,16 P 

C .gapperi     3.65 0.06 6.99 <0.01 0.68 0.67 

 2005 6.02±1.66 2.11 
(1.06) 

3.61 
(1.83) 

11.59 
(4.18)       

 2006 6.11 
(0.64) 

2.35 
(1.79) 

3.59 
(1.95) 

12.30 
(3.81)       

 2007 2.42 
(1.08) 

0.83 
(0.44) 

1.42 
(0.65) 

9.82 
(3.34)       

P. maniculatus     1.30 0.34 5.72 0.01 1.29 0.32 

 2005 12.07 
(2.76) 

8.86 
(1.80) 

11.80 
(1.92) 

9.54 
(3.43)       

 2006 12.61 
(2.88) 

6.63 
(2.04) 

10.74 
(2.22) 

12.54 
(5.29)       

 2007 10.54 
(0.79) 

4.63 
(0.83) 

5.36 
(0.31) 

8.79 
(2.64)       

P. intermedius A A AB B 6.58 0.02 8.83 <0.01 2.71 0.05 
 2005 0.33ab 

(0.10) 
1.00a 
(0.42) 

0.56a 
(0.31) 

0.00b 
(0.00)       

 2006 1.33a 
(0.10) 

2.17a 
(1.50) 

0.39ab 
(0.11) 

0.00b 
(0.00)       

 2007 0.58a 
(0.22) 

0.33a 
(0.08) 

0.00b 
(0.00) 

0.00b 
(0.00)       

T. amoenus     0.30 0.83 0.77 0.48 1.69 0.19 
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 2005 2.13 
(0.98) 

2.79 
(1.47) 

2.97 
(1.71) 

3.20 
(1.91)       

 2006 2.06 
(1.22) 

4.19 
(1.76) 

4.42 
(2.15) 

2.46 
(1.40)       

 2007 1.25 
(0.72) 

4.26 
(0.68) 

3.49 
(2.19) 

2.23 
(1.62)       

M. pennsylvanicus     0.94 0.47 1.31* 0.29 0.94* 0.48 

 2005 0.00 
(0.00) 

0.61 
(0.61) 

0.00 
(0.00) 

0.00 
(0.00)       

 2006 0.00 
(0.00) 

1.06 
(1.06) 

0.11 
(0.06) 

0.00 
(0.00)       

 2007 0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00)       

M. longicaudus     1.91 0.21 1.01* 0.38 1.28* 0.33 

 2005 0.00 
(0.00) 

0.00 
(0.00) 

0.11 
(0.06) 

0.00 
(0.00)       

 2006 0.00 
(0.00) 

0.56 
(0.47) 

0.06 
(0.06) 

0.00 
(0.00)       

 2007 0.00 
(0.00) 

0.17 
(0.08) 

0.00 
(0.00) 

0.00 
(0.00)       

S. monticolus     1.28 0.35 7.25* <0.01 0.67* 0.67 

 2005 0.28 
(0.15) 

1.22 
(0.73) 

0.72 
(0.22) 

0.39 
(0.39)       

 2006 0.72 
(0.05) 

1.22 
(0.55) 

0.72 
(0.31) 

0.39 
(0.15)       

 2007 0.25 
(0.25) 

0.17 
(0.08) 

0.33 
(0.22) 

0.08 
(0.08)       

S. cinereus     0.97 0.45 14.34 <0.01 0.63 0.71 

 2005 0.45 
(0.15) 

0.67 
(0.35) 

0.66 
(0.33) 

0.28 
(0.15)       

 2006 0.72 
(0.05) 0.61 (0.2) 0.28 

(0.05) 
0.39 

(0.24)       
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 2007 0.17 
(0.17) 0 (0) 0 (0) 0 (0)       

Total     1.66 0.25 23.00 <0.01 1.27 0.32 

 2005 21.39 
(3.34) 

17.26 
(1.05) 

20.43 
(2.50) 

24.99 
(6.95)       

 2006 23.56 
(3.28) 

19.17 
(3.27) 

20.30 
(1.16) 

28.08 
(8.78)       

 2007 15.29 
(2.13) 

10.55 
(0.98) 

10.60 
(1.65) 

20.93 
(4.23)       

 
 



 34

Table 4.  Mean (n = 3 replicate sites) ±SE species richness and species diversity of forest floor small mammals each year 

and results of repeated measures analysis of variance (RM-ANOVA).  Mean values with different letters are 

significantly different by Duncan’s multiple range test (adjusted for multiple contrasts).  Within a row, different 

uppercase letters represent significant site differences as indicated by overall RM-ANOVA.  Lowercase letters are 

used to indicate the location of significant differences resulting from univariate ANOVAs. 

 Site Analysis 

Attribute and Site Time Site x time 

 year 

Young 

pine 

Single 

seed-tree 

Group 

seed-tree 

Uncut 

forest F3,8 P F2,16 P F6,16 P 

Richness     2.06 0.19 59.99 <0.01 4.57 <0.01 
 2005 3.50±0.19 3.83±0.51 3.83±0.10 3.11±0.11       

 2006 4.28ab±0.40 5.00a±0.54 3.72b±0.20 3.22b±0.22       

 2007 3.08±0.44 3.25±0.29 2.58±0.08 2.67±0.30       

S-W diversity      1.48 0.29 15.78 <0.01 1.90 0.14 

 2005 1.23±0.16 1.59±0.25 1.37±0.08 1.33±0.09       

 2006 1.58±0.10 1.90±0.20 1.41±0.15 1.29±0.11       

 2007 1.11±0.28 1.43±0.14 1.11±0.05 1.16±0.18       

Log diversity     3.21 0.08 2.27 0.14 1.42 0.27 

 2005 1.24±0.10 1.91±0.39 1.78±0.05 1.08±0.16       

 2006 1.65±0.29 2.67±0.76 1.42±0.04 1.04±0.16       

 2007 1.26±0.16 2.09±0.43 1.31±0.24 0.90±0.19       

 



 35

Figure 12. Overall mean (n=9; 3 replicates x 3 years) ± 95% C.I. (a) species richness 
and (b) log-series diversity for forest floor small mammals in the young pine, single-
seed-tree, group seed-tree, and uncut forest stands in 2005-2007 at Summerland.   
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4.4  Arboreal Small Mammals 
 
 The pattern of overall mean abundance of red squirrels per 9 ha in the four 
treatment stands over seven trapping periods is shown in Fig. 13a.  This initial analysis 
indicated that there was a significant (F3,8=2.68; P<0.01) difference among stands with 
higher (non-overlapping 95% CIs) numbers of T. hudsonicus in the group seed-tree 
than uncut forest stands.   Mean numbers of red squirrels ranged from 12 to 17 per 9 
ha.  The pattern of overall mean abundance for northern flying squirrels indicated a 
lower range of densities from 2 to 4 squirrels per 9 ha (Fig. 13b).  These numbers were 
similar (F3,8=2.68; P=0.12) among treatment stands. 
 

4.5  Relative Habitat Use of Mammalian Herbivores 
 
  Mean number of pellet-groups per ha for mule deer in summer (F3,8=1.79; 
P=0.23) and winter (F3,8=1.26; P=0.35) were similar among treatment stands during 
2005 to 2007 (Table 5).  However, overall mean numbers of deer pellet-groups 
indicated a higher (non-overlapping 95% CIs) degree of relative habitat use of the seed-
tree sites than the young pine in both summer and winter (Figs. 14a and b).   
 
   Another pattern was observed for snowshoe hares where there was a significant  
difference among treatment stands in summer (F3,8=4.96; P=0.03) and winter 
(F3,8=7.81; P<0.01), with higher (DMRT; P=0.05) numbers of pellets in the young pine 
and seed-tree stands than uncut stands (Table 6).  Overall mean numbers of pellets 
followed this same trend during summer, based on non-overlapping confidence intervals 
(Fig. 15a).  In winter, relative habitat use by hares, based on overall mean numbers of 
pellets, was similar to summer except for the group seed-tree stands that were similar to 
all other treatment stands (Fig. 15b).  
 
5.0  CONCLUSIONS   
 

In conclusion, for 24 response variables measured, the seed-tree stands were 
the same or higher than the uncut stands in 22 cases (91.7%) (Table 7).  In 2 cases (BA 
of total conifers and abundance of red-backed voles), the uncut forest had higher values 
than the other stands.  Thus, at 30 years after harvesting, we have an indication of how 
close we are to managing forests sustainably with respect to wildlife habitat and 
biodiversity.  These attributes seem similar in forests with residual fir trees compared 
with uncut mature/old-growth forests.   
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Figure 13.  Overall mean (n=21; 3 replicates x 7 trapping periods) ± 95% C.I. 
abundance per 9 ha of (a) red squirrels and (b) northern flying squirrels in the young 
pine, single-seed-tree, group seed-tree, and uncut forest stands in 2006-2007 at 
Summerland. 
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Table 5.  Mean (n=3 replicate sites) ± SE number of mule deer pellet-groups per ha in each sample period and results of 

repeated measures analysis of variance (RM-ANOVA).  F-values identified by * were calculated using an H-F 

correction factor, which decreased the stated degrees of freedom due to correlation among repeated measures.  

 

 Site Analysis 

Season and Site Time Site x time 

 year 

Young 

pine 

Single 

seed-tree 

Group 

seed-tree 

Uncut 

forest F3,8 P F2,16 P F6,16 P 

Summer     1.79 0.23 0.93* 0.41 0.27* 0.94 

 2005 33.33±24.04 113.33±6.67 100.00±11.55 53.33±43.72       

 2006 13.33±13.33 60.00±11.55 53.33±17.64 53.33±35.28       

 2007 20.00±11.55 73.33±17.64 93.33±40.55 60.00±30.55       

Winterα     1.26 0.35 0.11 0.75 0.65 0.61 

 2005-06 46.67±17.64 240.00±64.29 273.33±76.88 480.00±249.80       

 2006-07 20.00±0.00 133.33±40.55 233.33±69.60 220.00±103.92       
α F-ratio = F1,8 and F3,8 for time and site x time interaction, respectively 
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Table 6.  Mean (n=3 replicate sites) ± SE number of snowshoe hare pellets (x 1000) per ha in each sample period and 

results of repeated measures analysis of variance (RM-ANOVA).  Columns of mean values with different letters are 

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

by * were calculated using an H-F correction factor, which decreased the stated degrees of freedom due to 

correlation among repeated measures.  

 

 Site Analysis 

Season and Site Time Site x time 

 year 

Young 

pine 

Single 

seed-tree 

Group 

seed-tree 

Uncut 

forest F3,8 P F2,16 P F6,16 P 

Summer A A A B 4.96 0.03 0.30* 0.68 1.07* 0.42 

 2005 184.37±17.04 42.90±26.31 83.73±40.84 2.97±2.62       

 2006 113.67±26.34 31.97±18.24 35.93±16.22 6.13±5.43       

 2007 151.77±43.95 64.93±19.15 69.73±36.14 5.80±5.40       

Winterα A A A B 7.81 <0.01 10.42 0.01 10.77 <0.01

 2005-06 283.17a±73.56 97.00a±5.91 78.53a±24.41 12.27b±9.97       

 2006-07 221.40a±45.75 95.07a±14.02 126.50a±51.13 31.53b±23.25       
α F-ratio = F1,8 and F3,8 for time and site x time interaction, respectively 
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Figure 14.  Overall mean (n=9; 3 replicates x 3 seasons) number ± 95% CI of fecal 
pellet-groups per ha for mule deer in the young pine, single seed-tree, group seed-
tree, and uncut forest during (a) summer and (b) winter periods 2005-2007 at the 
Summerland study area. 

 



 41

Figure 15.  Overall mean (n=9; 3 replicates x 3 seasons) number ± 95% CI of fecal 
pellets per ha (x 1000) for snowshoe hares in the young pine, single seed-tree, 
group seed-tree, and uncut forest during (a) summer and (b) winter periods 2005-
2007 at the Summerland study area. 
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Table 7.  Summary of response variables measured during 2005-2007 in the “Life after the Beetle” project.  Columns with 
different letters are significantly different by Duncan’s multiple range test (DMRT) or non-overlapping 95% confidence 
intervals. 

 Young pine Single seed-tree Group seed-tree Uncut forest 
Coniferous stand structure     
     Abundance of total conifers a a a a 
     BA of total conifers b b b a 
     Species diversity of total conifers a a a a 
     Structural diversity of total conifers a a a a 
     CV Douglas fir diameter b a a b 
     CV Douglas fir height b a a b 
     CV Lodgepole pine diameter a a a a 
     CV Lodgepole pine height ab a ab b 

Understory vegetation     
     Herb volume a a a a 
     Shrub volume a b a b 
     Total species richness a a a a 
     Total species diversity a a a a 
Forest floor small mammals     
     Total abundance a a a a 
     Species richness a a a a 
     Species diversity     
            Shannon-Wiener a a a a 
            Log-series b b a b 
     Red-backed voles b b b a 
     Masked shrews a a a a 
Arboreal mammals     
     Red squirrels ab a ab b 
     Northern flying squirrels a a a a 
Mule deer     
     Summer range b a a ab 
     Winter range b a a ab 
Snowshoe hares     
     Summer range a b b c 
     Winter range a b abc c 
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7.0  APPENDICES 
 
Appendix 1.  FIR RETENTION – 30 YEARS BIODIVERSITY 
 
 
TREATMENT UNIT DESIGNATIONS  3 replicates x 4 treatments 
 
K-- L - M  Young Pine, No retention 
 
T’- U’ - V’  Single Seed-Tree 
 
N – O – P  Group Seed-Tree 
 
Q – S – Z  Uncut Forest 
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Grid arrangement: 
- Stations A, C, E, G, & I are flagged double pink 
- Stations B, D, F, H, & J are flagged double blue 
- Zig Zags’ (45s) are flagged pink; only 1 or 2 of the possible 4 angles have 

been recorded for zig-zags; minus 180 for others 
- Most grids are 95-100% complete.  Maps will be upgraded once traps are 

placed at stations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 48

 
 
 



 49

 
 
 



 50

 
 
 



 51

 
 
 



 52

 
 
 



 53

 
 
 



 54

 
 
 



 55

 
 
 



 56

 
 
 



 57

 
 
 
 
 


