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Abstract 
 

A mountain pine beetle outbreak in the mid-1970’s in the southern interior of B.C. 
resulted in relatively widespread salvage logging of lodgepole pine from mixed pine – 
Douglas fir stands and mixed pine – western larch 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.  

 
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 masked shrew (Sorex cinereus) and the southern red-backed vole (Clethrionomys 
gapperi) on the forest-floor and the 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 
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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.  

 
Introduction 

 
An ecosystem approach to forest management is being adopted throughout the 

Pacific Northwest of Canada and the United States (Franklin et al. 1989).  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).  Forest management regimes that emulate natural disturbances (e.g. mountain 
pine beetle (MPB) outbreaks, wildfires and windthrow events) leave standing green and 
dead trees, as well as variable levels and structural complexity of woody debris. 

 
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).   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 from mixed pine – Douglas fir 
stands and mixed pine – western larch 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.  

 
Large-scale harvest studies in mature, late successional forests are lacking 

(Aubry et al., 1999).  However, some retrospective studies in the Pacific Northwest of 
the U.S., investigating potential long-term consequences of green-tree retention in two-
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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). 

 
 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.  
 

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 masked shrew (Sorex cinereus) and the southern red-backed vole (Clethrionomys 
gapperi) on the forest-floor and the 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 is determining 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 stand structure and an array of mammal species.  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 provides 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 will 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 is advancing existing knowledge on stand-level structures 
and biodiversity by examining past disturbance to provide a picture of  forest conditions 
3 decades into the future. 

  
Objectives for the 3-year study are: 
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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 three species of small mammals (2 forest floor and 1 
arboreal) and overall species richness and diversity; and 
 
3)  Relative habitat use by mule deer during summer and winter seasons. 
 
Methods 
 
 Experimental design 
 

The 3-year study is being 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 (uniform) 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 is 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.  
 
 Stand structure 
 

Stand structure attributes of the natural regeneration (tree species, dbh, height, 
age) are measured in five 20-m x 20-m plots randomly located within each stand.  Each 
plot is divided into four 10-m x 10-m subplots for ease of sampling.  For each tree and 
snag within a subplot, the following parameters are recorded:  (a) species, (b) dbh (cm), 
(c) height class: R-regeneration (<1.3 m), S-subcanopy (1.3-5 m), M-main canopy (5-20 
m), E-emergent (>20 m), and (d) 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.  The subcanopy and main canopy tree height categories vary according to stand 
structure in the different treatment stands. 

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

the 20-m x 20-m plot.  As each piece is encountered the following attributes are 
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 are recorded 
with respect to aspect, slope, site position, and other ecologically relevant features. 
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These stand structure attributes will be measured in August 2006. 
 
Understory vegetation 
 
Understory vegetation is 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 contains 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 are 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 is made for each species height class combination within the appropriate nested 
subplot.  Total percentage cover for each layer is also estimated for each subplot.  
These data are 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 gives 
the volume of a cylindroid which represents the space occupied by the plant in the 
community.  Crown volume index values are 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 is done in July-August 2005, 2006, and 2007.  Plant species are 
identified in accordance with Parish et al. (1996).  Species richness, species diversity 
and structural diversity are calculated for these data. 
 
 Small mammal populations 
 

Forest floor small mammals are sampled at 4-week intervals from May to 
October each year.  Each treatment stand has 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 (Ritchie and 
Sullivan 1989).  Traps are supplied with whole oats, and cotton as bedding.  Traps are 
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 include the  southern red-backed vole, 
meadow vole (Microtus pennsylvanicus), long-tailed vole (M. longicaudus), heather vole 
(Phenacomys intermedius), deer mouse (Peromyscus maniculatus), northwestern 
chipmunk (Tamias amoenus), montane shrew (Sorex monticolus), masked shrew, and 
short-tailed weasel (Mustela erminea).  

 
Arboreal mammals, the northern flying squirrel and red squirrel (Tamiasciurus 

hudsonicus), are sampled at 4- to 6-week intervals in winter periods (November to 
April).  Each treatment stand has a 9-ha trapping grid with100 (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 are 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 will commence in the fall of 2006. 

 
Abundance estimates of each species are derived from the Jolly-Seber (J-S) 

stochastic model (Seber 1982).  Species richness and diversity of the overall small 
mammal communities are calculated using the estimated abundance of each species 
for a given sampling period and averaged over the number of sampling periods for each 
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year.  Reliability of Jolly-Seber estimates declines when few tagged animals are 
captured (Krebs et al. 1986).  Therefore, minimum number of animals know to be alive 
(MNA—Krebs, 1966) is also be calculated as a precautionary measure and to indicate 
lower limits of the Jolly-Seber estimates.  MNA estimates are used for first and last trap 
sessions.  All statistical tests are based on Jolly-Seber estimates for the reasons 
indicated by Jolly and Dickson (1983).  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) 
 
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 will be housed with NRIN in the format of Inventory Methods for Small Mammals 
(Version 2.0).  

 
 
 Relative habitat use of mammalian herbivores 
 
Sampling of pellet-groups (and pellets) is used to measure relative habitat use by 

mule deer, moose (Alces alces), and snowshoe hares (Lepus americanus) for summer 
(May to September) and winter (October to April) periods.  All new pellet-groups 
(minimum of 20 pellets per group) on cleared permanent 5-m2 (r = 1.26 m) circular plots 
are counted. Plots are located systematically at 50-m intervals throughout each stand.  
Plots were cleared of all pellet groups in the initial sampling time in May 2005.  Pellet-
group degradation is not an issue as only new pellets deposited during a given summer or 
winter period are counted.  Pellet-groups located on the edge of a sample plot need to 
have 50% or more of the group within the plot in order to be counted.  Density of pellet-
groups is estimated per 5 m2 plot and then converted to a per ha value.  

Pellet-groups are 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. 
 
  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, and trees, 
mean total species richness, total species diversity, and total structural diversity of the 
herb, shrub, and tree layers.  This analysis was also used to evaluate the effects of 
treatments on mean total abundance, species richness, and species diversity of small 



 7

mammals, as well as mean abundance of red-backed vole and shrew populations during 
2005.  Relative habitat use was also compared using this ANOVA on mean fecal pellet-
groups of deer, moose, and hares during summer and winter periods in 2005.  Duncan’s 
multiple range test (DMRT) was used to compare means among treatments.  Differences 
are considered significant if P ≤ 0.05 for all comparisons. 

 
Results and Discussion 
 

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

treatments (Fig. 1).  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. 1).  Mean crown volume index of trees was also significantly 
(F3,8=9.78; P<0.01) different among stands as expected, with higher (DMRT; P=0.05) 
tree volume in the group seed-tree and uncut stands than in the other two (Fig. 2). 

 
Mean total structural diversity, total species richness (F3,8=1.79; P=0.23), and 

total species diversity (F3,8=2.60; P=0.12) were all similar among stands (Figs. 2 and 3) 
in this first year measurement. 
 
 Small mammal populations 
 
 Mean total abundance of forest-floor small mammals (F3,8=0.72; P=0.57), red-
backed vole populations (F3,8=3.11; P=0.09), and shrew populations (F3,8=0.63; P=0.61) 
were all similar among treatment stands in 2005, the first year of measurement (Fig. 4).  
Similarly, there were no differences among stands in mean total species richness 
(F3,8=1.15; P=0.39) or species diversity (F3,8=0.51; P=0.69) (Fig. 5) of small mammals in 
2005.  The number of animals captured for each species and the total abundance, 
species richness, and species diversity measurements for each stand and trapping 
week are outlined in Tables 1-4. 
 

Relative habitat use of mammalian herbivores 
 
  The clearing of plots at the initial sampling time in May 2005 represents the 
accumulation of deer and moose pellet-groups and snowshoe hare pellets over the 
previous several years.  These data provide a rough estimate of relative habitat use for 
each of the species in the four stand treatments up to spring 2005.  Number of pellet-
groups per ha for deer (F3,8=2.68; P=0.12) and moose (F3,8=0.65; P=0.61) were similar 
among treatments at this initial sampling time (Figs. 1A and 2A).  Another pattern was 
observed for snowshoe hares where there was a significant (F3,8=18.54; P<0.01) 
difference among treatment stands, with a very high number of pellets (DMRT; P=0.05) 
in the young pine stands (Fig. 3A). 
 
  Relative habitat use by these species during summer 2005 was recorded in the 
second measurement of pellet plots in late September.  There was no significant 
difference in number of deer (F3,8=2.15; P=0.17) or moose (F3,8=1.83; P=0.22) pellet-
groups among treatments during summer 2005 (Figs. 1B and 2B).  However, there was 
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a significant (F3,8=9.14; P<0.01) difference among treatment stands for relative habitat 
use by snowshoe hares.  Hare pellets were highest (DMRT; P=0.05) in the young pine 
stands with no difference among the other three stand treatments. 
 
  It is interesting to note that the pattern of relative habitat use, as estimated by 
these pellet counts, was similar in the initial plot clearing to that recorded for the 
summer 2005 period.  Measurements of these plots will continue in 2006 to represent 
winter 2005-06 and summer 2006 periods. 
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