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Project Purpose and Management Implications: 
 
As the mountain pine beetle outbreak in the interior of British Columbia (B.C.) has accelerated 
beyond the stage of feasible control, management intervention has shifted to timber salvage 
operations.  Unfortunately, the perception is that B.C.’s lodgepole pine (Pinus contorta var. latifolia) 
forests will be “dead” without an active program of salvage and rehabilitation.  But anecdotal 
observations and a quick review of available information reveals: (1) that most of the forest area 
affected by mountain pine beetle consists of mixed stands dominated by tree species other than pine; 
and (2) that approximately 40% of pure lodgepole pine stands are stocked with other conifer species 
in the understory (Burton 2006a).  The location of mixed stands and the relative contribution of other 
non-pine trees to the mature inventory can be derived from forest cover maps and is being refined 
through the Vegetation Resources Inventory (VRI) program.  But forest cover and vegetation maps 
do not provide information on subcanopy trees and the abundance of advance regeneration in the 
understory. 
 

It is the goal of this project to predict the abundance of advance regeneration in the understory of 
pine-leading stands in several subzones of the Northern Interior Forest Region.  This work will help 
forest planners better prioritize stands for harvesting in the wake of the mountain pine beetle 
outbreak.  Successful implementation of this research and its results will mean that stands less likely 
to recover naturally (i.e., through the release of advance regeneration) will be logged and 
subsequently regenerated.  Conversely, pine stands with vigorous understories can be left 
unharvested to recover on their own, contributing to mid-term timber supply and non-timber forest 
values.   

 
Over the course of this three-year continuing project, our long-term objectives are: 
1) to quantify the relative influence of various site, stand and landscape factors on the density 

and stocking of conifer seedlings in the understory;  
2) to implement statistical relationships (derived from the above analysis) in a spatial model, 

predicting the density and stocking levels of conifer seedlings; and 
3) to train forest planners in the use of this model. 

We aim to convey the results of this analysis in the scientific literature, a technical report, an 
extension note, general seminars, and in workshops targeted to industry and agency planners.  Year 1 
consisted of a pilot project to develop field methods, the assembly of other available data, some 
preliminary data analysis, and recruitment of a Masters student at the University of Northern British 
Columbia (UNBC).  In Year 2, we completed the bulk of targeted field sampling, identified and 
incorporated additional data sources, undertook widespread extension activities, and explored 
various modeling and decision-support options. 
 
Project Start Date:  1 April, 2005 
 
Length of Project:  3 years – 1 April, 2005 to March 31, 2008 
 
Former Project Numbers:  Y061184 
 
Former Funding Sources:  none 
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Methodology Overview: 
 
To develop a spatial planning tool to meet the project objectives, four methodological approaches are 
involved: 

1) the identification, cleaning and collation of existing data on the species and density of tree 
seedlings and saplings in the understory of mature lodgepole pine forests, properly geo-
referenced so that sample locations can be mapped and analyzed through geographic 
information system (GIS) overlays;  

2) the collection of new field data to test specific site and landscape influences on advance 
regeneration, and to fill in the gaps of available information, again fully geo-referenced;  

3) statistical analysis of the above data as it relates to any and all predictive variables available 
in a mapped or GIS environment; and 

4) incorporation of the results of statistical analysis into GIS scripts, macros, or other 
computerized tools (e.g., decision-support schema) to map and prioritize beetle-killed stands 
according to their expected regeneration status. 

In addition, this project will have a significant technology transfer and training component, helping 
forest planners to implement and exercise the resulting tools. 
 

Field data collection has focused in the sampling of mature (>80 years old) lodgepole pine stands 
in the SBSdk, SBSdw, SBSmc, SBSmk and SBSwk subzones of the Prince George and Vanderhoof 
Forest Districts.  Candidate sampling areas are stratified to represent a range of mature stand ages 
and a range of site series (site types).  In Year 1 of the project, we particularly emphasized sampling 
plots at varying distances from identifiable non-pine seed sources.  But we detected no significant 
signal of proximity to supposed seed sources in the 2005 data (Burton 2006b), so the Year 2 field 
sampling emphasized the identification and sampling of nearly pure (99% or 100% Pl in the 
Vegetation Resources Inventory, VRI), with the expectation that any influence of seed source 
limitations would be more pronounced in pure pine stands.   

 
As in 2005, most sampling again was arranged along transects extending from stands dominated 

by spruce (Picea glauca x engelmannii or P. mariana) and/or subalpine fir (Abies lasiocarpa) into 
stands mapped as dominantly lodgepole pine.  We also expanded into the SBSmk and SBSwk 
subzones (as the MPB outbreak has now fully progressed into those areas north of Prince George), 
and tried to get more poorer, drier (02 and 03 site series) and richer, wetter (06, 07, 08) site series in 
all subzones sampled in the Prince George area.  Stand age was also targeted for more thorough 
representation in 2006, as older stands may have more understory regeneration as older canopies are 
“breaking up;” these stands also have had more time to accumulate rare inseeding events by spruce 
or fir.  All plots (typically located at 25 m intervals on transects reaching 100 to 200 m in length) 
were geo-positioned using a GPS, and a pigtail wire marker with a numbered plastic tag was left at 
each plot center.  Essentially all stands in our area have now been attacked by mountain pine beetle, 
so the number of years since pine trees in each sample plot were first attacked was estimated using a 
key based on foliage colour, pitch tubes, bark and twig attributes. 

 
At each site, the composition and basal area of the stand were characterized using a basal area 

factor (B.A.F.) 4 cruise prism, and mature (cone-bearing or canopy-dominant) non-pine trees were 
searched for (and their diameter at breast height, dbh, recorded) up to 50 m from the plot center.  
Counts of tree seedlings by size class (<10 cm, 10-30 cm, 30-130 cm tall), species, and vigour were 
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recorded in a 3.99 m radius (50 m2) circular plot; counts of tree saplings by size class (<2.5 cm, 2.5-
5.0, 5.0-7.5 cm dbh), species and vigour were recorded in a 5.64 m radius (100m2) circular plot.  
Because of concerns raised regarding acceptable stocking and minimal acceptable distances between 
neighbouring seedlings, all 2006 tallies of regeneration also included measurements of the distance 
to the nearest neighbour of equal or greater size, in 0.5m increments.  Additional data from allied 
projects with which the Canadian Forest Service is involved were also incorporated:  18 regeneration 
plots from two “FluxNet” sites north of Prince George, at which National Forest Inventory (NFI) 
plots were installed to assist calibration of carbon flux dynamics in beetle-killed stands; and 82 plots 
from the Carrottop Lake Experimental Burn project, situated south of Vanderhoof.  We have also 
assembled a master dataset with comparable measurements collected by Dave Coates, Debbie 
Cichowski, Patience Rakochy, Chris Hawkins, and the Northern Interior Vegetation Management 
Association (NIVMA) for use in some analysis, expanding our body of data to include more SBSmc 
and SBSdk pine stands in the Nadina Forest District.   

 
Based on the coordinates provided for each plot, sample site locations were overlaid on GIS 

layers such as VRI coverages and Predicted Ecosystem Mapping (PEM) output.  In this manner, 
linked information on a variety of biophysical descriptors can be searched for the strongest predictors 
of understory regeneration density.  Preliminary descriptive statistics have been compiled for various 
stand, terrain and ecological descriptors of these stands, such as biogeoclimatic ecological 
classification (BEC), site series, forest stand age class, and the relative abundance of pine in the 
overstory.  Methods were devised to measure the distance of each plot to its nearest non-pine 
polygon, which was sometimes not the one designated (and, in 2005, sampled) in the field.   

 
Further analysis, to constitute the core of Darin Brooks’ M.Sc. degree at UNBC, will further 

explore the influence of interpolated climate attributes (including prevailing winds), elevation, and 
topography.  We are also exploring the influence of proximity to (or landscape neighbourhood 
dominance of) non-pine forest cover polygons, and of nearby wetlands and water bodies which are 
expected to support greater densities of mature spruce or fir trees that can function as seed sources.  
Analysis will utilize a range of parametric and non-parametric tools, such as analysis of variance 
(ANOVA), analysis of covariance (ANCOVA) and their corresponding non-parametric forms based 
on ranks; correlation and regression analysis will also be used to explore the influence of continuous 
variables, with curvilinear formulations and maximum likelihood methods employed as appropriate.  
Statistical relationships and resulting models will be developed for each tree species, for all conifer 
species, for currently accepted standards of “preferred and acceptable” and “well-spaced” trees, and 
for all abundant coniferous species.  Analysis of predictive factors is based on tallies of vigorous 
seedlings only (determined in the field to be free of defects, deficiencies, pests or pathogens), though 
site effects on the ratio of vigorous to total seedling densities are explored too. 
 
Project Scope and Regional Applicability: 
 
With the generous contribution of data from our collaborators, this project will calibrate one or more 
models, or decision-support schemas, relevant to most of the Northern Interior plateau constituting 
the bulk of the severely affected mountain pine beetle forests.  Spanning several subzones and 
variants of the SBS, information and decision support tools will see their core applicability in the 
Nadina, Vanderhoof and Prince George Forest Districts.  The need to sample and model the 
distribution of advance regeneration in lodgepole pine stands has already been demonstrated.  
Preliminary results have already been used by the Ministry of Forests and Range in devising draft 
guidelines for the identification and protection of secondary structure during harvest operations.  
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Interim Conclusions and Information: 
 
Overall Status 
In the summer of 2006, we completed the bulk of data collection, targeting a more thorough 
representation of some BEC subzones, site series and age classes than had been achieved in 2005.  
This project has now sampled a total of 564 plots, 362 of them along 58 transects in lodgepole pine 
stands, 121 plots in grids or clusters in near-pure stands, and 81 plots in 26 adjacent “seed source” 
stands dominated by spruce, fir or Douglas-fir.  Of those plots dominated by more than 50% 
lodgepole pine (by basal area), most were located in the SBSmk1, SBSdw3, SBSmc3 or SBSdk 
biogeoclimatic units and on 01, 03, 04 or 05 site series (Table 1).  Note that it is rather unusual (i.e., 
difficult) to find pine-leading stands on moister sites (07, 08, 09 site series) in the wetter subzones 
(SBS mc, mk, and wk).  It is also worth noting that seed source stands (dominated by spruce or fir, 
not shown here) were often in draws and on the margins of creeks and wetlands, representing site 
series much moister than those dominated by pine. 
 
Table 1.  Number of regeneration plots sampled in pine-dominated (>50% by basal area) stands on 
different site series in different biogeoclimatic subzones (Years 1 and 2 combined). 

Site Series BEC 
subzone 01 02 03 04 05 06 07 08 09 
SBSdk 7 0 20 0 25 5 0 0 0 
SBSdw 21 0 36 24 48 8 4 3 3 
SBSmc 13 0 2 82 2 0 1 0 0 
SBSmk 13 3 14 3 23 7 0 0 1 
SBSwk 0 8 7 3 2 0 0 0 0 
 

A broader representation of stand age classes was sought in Year 2 of sampling, so that we now 
have samples spanning stand ages of approximately 50 to 200 years (Table 2).  The distribution of 
samples reflects the current age class structure of pine forests in the Northern Interior, with many 
100 to 140 years of age, but with “old-growth” lodgepole pine and natural stands under 80 years of 
age much more difficult to find.  A total of 67 pine-leading stands have been field-sampled over the 
last two years, with 59 of known stand age tabulated by BEC subzone in Table 2.  
 
Table 2.  Number of regeneration plots / stands sampled in pine-dominated (>50% by basal area) 
forest cover polygons belonging to different age classes* in different biogeoclimatic subzones 
(Years 1 and 2 combined). 

Nominal VRI Age Class* BEC 
subzone <3 4 5 6 7 8 
SBSdk 27/4 6/1 0/0 11/2 6/1 0/2 
SBSdw 18/4 0/0 24/7 42/7 40/5 14/3 
SBSmc 4/1 2/1 6/1 6/1 76/5 0/0 
SBSmk 0/0 5/1 22/5 6/6 14/3 7/3 
SBSwk 0/0 0/0 12/3 0/0 0/0 0/0 

* Age Class <3 is less than 61 years of age, age class 4 is 61 to 80 years, age class 5 is 81 to 100, 
age class 6 is 101 to 120 years, age class 7 is 121 to 140 years, age class 8 is 141 to 240 years. 
Age Classes solely from Vegetation Resources Inventory (VRI) map layers, some of which will be 
corrected by on-site tree age determinations and corrections to GPS locations. 
Total number of plots does not match that in Table 1 because of missing data on site series or age 
class determinations.  
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Cross-tabulating plots by site series and age class, we also see a concentration of sampling in 
circum-mesic stands 80 to 140 years of age (Table 3).  In order to increase the sample size, many site 
comparisons (especially in some BEC units) are made using binned site series (e.g., 07, 08, 09 all 
bundled as “moist sites”).    
  
Table 3.  Number of regeneration plots sampled in pine-dominated (>50% by basal area) stands 
belonging to different age classes* on different sites series, across all biogeoclimatic subzones 
(Years 1 and 2 combined). 

Nominal VRI Age Class* Site 
Series <3 4 5 6 7 8 

01 14 1 8 5 16 4 
03 10 0 14 16 26 5 
04 7 2 16 7 69 6 
05 15 10 10 34 20 6 
06 3 0 9 2 4 0 

07,08,09 0 0 4 1 1 0 
* Age Class <3 is less than 61 years of age, age class 4 is 61 to 80 years, age class 5 is 81 to 
100, age class 6 is 101 to 120 years, age class 7 is 121 to 140 years, age class 8 is 141 to 240 
years. 
Age Classes solely from Vegetation Resources Inventory (VRI) map layers, some of which will 
be corrected by on-site tree age determinations and corrections to GPS locations. 
Total number of plots does not match that in Tables 1 or 2 because of missing data in site 
series or age class determinations.  

 
Across all samples in pine-leading stands, advance regeneration by all species and in all size and 

vigour classes averaged 3218 stems/ha (Figure 1), of which 88% consists of seedlings (<130cm tall), 
and only 12% is saplings (>130cm tall, <7.5cm dbh).  Expressed another way, median densities were 
1000 stems/ha for seedlings and 300 stems/ha for saplings.  “Non-vigorous” regeneration makes up 
none of the Douglas-fir, and only 0.4% of the hybrid spruce, 1.3% of the black spruce, 1.4% of the 
subalpine fir, and 1.6% of the lodgepole pine, so that overall tallies of vigorous regeneration are very 
similar:  mean of 3040 stems/ha, median of 1350 stems/ha (Figure 1).  In general, however, we will 
restrict analysis to established conifers greater than 10 cm in height, which exhibited a mean density 
of 2720 stems/ha and a median density of 1200 stems/ha (Figure 1).  This means that one-half of the 
plots sampled had more than 1200 stems/ha (a common regeneration target in silvicultural 
prescriptions) of advance regeneration, and one-half of the plots sampled had less.   
 

Evaluated at the stand level, (i.e., with plots treated as subsamples within forest cover polygons, 
as tabulated in Table 2), very similar results were obtained.  Mean stand-level density of established 
conifer regeneration is 2551 stems/ha (+ 324 stems/ha standard error of the mean) in pine-leading 
stands (n=67 stands), while median density is 1650 stems/ha.  These estimates are slightly lower in 
terms of mean density, and slightly higher in terms of median density, compared to the plot-level 
averages described above.  In general, these results and our field experience suggest that patchiness 
in conifer regeneration is typically just as variable within a pine stand as it is among pine stands.  
This variability, and the scale at which it is most strongly expressed and best accounted for, will be 
further explored in Mr. Brooks’ M.Sc. thesis.   
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Figure 1.  Different measures of central tendency in the density of advance regeneration 

encountered (n=396 plots) in pine-leading stands, across all biogeoclimatic units, site series and 
stand age classes. 

 
Two approaches can be followed in refining overall estimates of regeneration density to get at the 

more specific question of what proportion of plots and stands are stocked, i.e., with growing space 
fully (or adequately) occupied by vigorous conifers.  The first approach is to place a ceiling on the 
number of acceptable seedlings or saplings to be counted in each 50 m2 sample plot (e.g., 8 
acceptable stems per sample plot, or 1600 stems/ha), reflecting the expectation that this number of 
trees will eventually prevail to dominate the plot.  Further refinements to this approach include the 
preferential tally of some larger seedlings or saplings under different “acceptable spacing” 
guidelines, which have yet to be explored in Mr. Brooks’ thesis.  The second approach is to tally the 
number of plots that meet arbitrary stocking targets, such as the 600 or 1200 stems/ha (sph) 
thresholds identified as “minimal” and “target” standards for regenerating stands on most site series 
in the Northern Interior Forest Region.  Evaluated at the plot level with a 1600 sph ceiling, 
established conifer densities average 997 (+ 32 S.E.M.) stems/ha, or with a median of 1200 stems/ha.  
Very similar results prevail at the stand level when a 1600 sph upper limit is imposed on stem tallies: 
1039 + 48 stems/ha mean, 1033 stems/ha median. 

 
The evaluation of a range of stocking thresholds for vigorous, established (>10 cm tall) seedlings 

is presented in Figure 2.  Based on sampling primarily in the Prince George and Vanderhoof Forest 
Districts, these results indicate that one-half of the 396 plots sampled meet the goal of 1200 sph, and 
two-thirds of the plots meet the 600 sph minimum.  At the stand level (again, with plots serving as 
subsamples), 16 of the 56 stands had at least three-quarters of their plots stocked at the 1200 sph 
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level, and 28 of the stands were three-quarters stocked at the 600 sph level.  Some stands even had 
all sample plots meet various stocking targets:  6 stands were 100% stocked at the 1200 sph level, 
and 14 stands were 100% stocked at the 600 sph level (Figure 2). 

0%

10%

20%

30%

40%

50%

60%

70%

80%

>40
0

>60
0

>80
0

>10
00

>12
00

>14
00

>16
00

>18
00

>20
00

>22
00

>24
00

Density of Advance Regeneration, stems/ha

Pr
op

or
tio

n 
of

 P
lo

ts
 o

r S
ta

nd
s

plots
stands>75% stocked
stands 100% stocked

 
Figure 2.  Proportion of 396 plots and 56 stands in pine-leading forest cover polygons in the 

Northern Interior Forest Region to meet a range of stocking density thresholds.  Stand-level tallies 
refer to the proportion of stands (sampled by 3 or more plots) in which at least three-quarters or all 

plots meet the specified threshold of density for vigorous, established conifer seedlings.  
 

Factors Influencing Regeneration Density and Stocking 
Field sampling was designed to generate a wide range of data specifically to test the influence of 
biogeoclimatic subzone, site series, age class, and distance from seed sources on tree seedling 
density and stocking.  Other factors such as elevation, vegetation, canopy closure, etc. have been 
randomly sampled, and may also have explanatory power.  These potential influences, from both 
field and mapped data sources, are being evaluated individually and collectively as the basis for both 
understanding and predicting regeneration densities and stocking in the understory of lodgepole pine 
forests.  This progress report summarizes results obtained only from our own data, not data 
combined from multiple sources. 
 

Starting from the top down, preliminary analysis of biogeoclimatic factors was undertaken.  
Significant differences in the mean density of vigorous established conifer regeneration on all sites 
were detected among subzones (one-way ANOVA results: F=5.45, p=0.0003), with significantly 
greater densities (mean of 5875 sph) observed in the SBSwk than in the drier and/or warmer 
subzones to the west and south (Figure 3).  This difference was largely due to the high number of 
seedlings found on 02 sites, however, as subzone differences among modal (01 site series) sites are 
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not significant (Figure 3).  Additional GIS-based analysis of spatial data will explore the mechanisms 
(i.e., more specific climatic factors) of these relationships and refine them further. 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

SBSdk
(n=62/7)

SBSdw
(n=150/21)

SBSmc
(n=100/13)

SBSmk
(n=64/13)

SBSwk
(n=20/0)

Biogeoclimatic Subzone

A
dv

an
ce

 R
eg

en
 D

en
si

ty
, s

te
m

s/
ha all sites, mean +/- S.E.M.

all sites, median

01 sites, mean +/- S.E.M.

01 sites, median

b

b

b

b

a

 
Figure 3.  Overall differences in the density of vigorous established conifer regeneration in pine-

leading stands across all sites or modal sites only in five sub-boreal spruce (SBS) subzones.  
Regen densities associated with ‘all site’ columns sharing the same letter are not significantly 
different at the 95% confidence level (based on Tukey tests conducted after ANOVA, F=5.45, 

p=0.0003); differences among modal sites are not significant (p=0.7295). 
 
 

In a two-way analysis of variance assessing BEC subzone and site series, the significantly higher 
regeneration densities in the SBSwk are confirmed, and the preponderance of regeneration on drier 
(02) site series in the SBSmk and SBSwk resulted in site series have a significant overall effect as 
well.  Although the interaction term was not significant in the two-way model, trends suggest that the 
optimal site series for conifer establishment varies by biogeoclimatic subzone (Table 3).  Further 
statistical distinctions among coarser site categories (e.g., “dry,” “circum-mesic” and “moist” sites) 
can be identified, but results are still summarized (in Table 3) by individual site series because this is 
the level of resolution immediately available from predictive ecosystem mapping.  Note that site 
effects are stronger under wetter climates. 

 
Across all subzones and sites, only sapling density seems to bear any continuous relationship to 

pine dominance in the overstory, confirming the trend noted in the 2005 data (Burton 2006b): 
 
conifer sapling density =  994.28 – 5.91018 %pine_BA          (p<0.0001, r2=0.0553, n=535)     [1] 
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Table 4.  Mean/median densities (stems/ha) of vigorous established (>10 cm tall) conifers in pine-
dominated (>50% by basal area) stands on different site series in different biogeoclimatic subzones, 
and one-way analysis of variance results identifying significant differences among site series. 

Site Series ANOVA BEC 
subzone 01 02 03 04 05 06 07 08 09 Prob>F*
SBSdk 1900/1400 -- 890/250 -- 2936/1700 2540/1200 -- -- -- 0.1164 
SBSdw 1910/1500 -- 1575/850 2408/1550 2006/800 650/450 1450/350 433/300 1867/2100 0.4914 
SBSmc 2585/800 -- 10700/10700 3588/850 100/100 -- 2000/2000 -- -- 0.5715 
SBSmk 3015/1000 

ab 
9300/5800 

a 
2786/1400 

ab 
2567/900

ab 
2370/2100

ab 
1729/1500

ab 
-- -- 200/200 

b 
0.0643 

SBSwk -- 11288/10750 
a 

3000/2400 
b 

667/300 
b 

2100/2100
b 

-- -- -- -- <0.0001 

* Site series effects are significant at the 95% confidence level is Prob>F is <0.05. 
a,b  Means sharing the same letter are not significantly different at the 95% confidence level.   
 
 
Further analysis, however, reveals that the relationship of conifer density to overstory composition is 
especially consistent in the SBSdw3 variant: 
 
 Estab. Conifer Regen Density = 3796.6 – 23.74474 %Pine_BA     (p<0.0001, r2=0.0652, n=232)  [2] 
 
This trend is further portrayed in Figure 4.  At least in the SBSdw3, there seems to be a greater 
concentration of conifer regeneration (of all species) in stands with lower amounts of lodgepole pine.   
As reported from last year’s data (Burton 2006b), the influence of proximity to non-pine seed 
sources seems negligible to overall conifer regeneration density.  
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Figure 4.  Differences in the density of vigorous established conifer regeneration according to the 

dominance of lodgepole pine in the overstory, across all plots in the SBSdw3 biogeoclimatic variant.  
Mean conifer densities sharing the same letter are not significantly different at the 95% confidence 

level (based on Tukey tests conducted after ANOVA, F=3.73, p=0.0029).  
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There is no consistent evidence that older stands support more advance regeneration.  Although 
stand age has not been determined for all sample plots, and is not significant across all sites nor when 
testing stand age class by analysis of variance, the only trend (though weak) is a negative linear 
relationship with projected stand age in the SBSdk: 

 
Estab. Conifer Regen Dens. = 4117.38 – 26.33132 VRI_Stand_Age (p=0.0773, r2=0.0506, n=50) [3]  
 
Combining all of these influences into a single statistical model must balance the benefits of broader 
explanatory power (associated with multiple variables) with the loss of sample size associated with 
incomplete data at many sites.  Issues of interactive effects need to be adequately dealt with as well, 
often requiring greater sample sizes or multivariate methods such as principal components analysis.  
These details have yet to be worked out in Mr. Brooks’ thesis, but some overview (“omnibus”) 
models are provided here to provide a flavour of the synthesis work.  More sophisticated and 
complete statistical methods will be explored, but the examples given below provide an overview of 
some of the trends that are being explored and refined. 
 

If continuous and categorical variables are combined in an analysis of covariance, looking at 
main effects only, we see that none of the variables we have been exploring have strong explanatory 
power (Table 5).  Of the seven variables tested in this manner, only the relative abundance of pine in 
the overstory has a significant effect and explains more than 5% of the overall variance in the data 
set.  Surprisingly, the combined influence of ecological considerations such as stand age, subzone 
and site series is little better than a purely geographical model based on the cartesian position in 
metres of any given stand in our study area (Equation 4), even though elevation is otherwise not 
significant as an individual factor across the study area as a whole. 
 
Estab. Conifer Regen Dens. = -496239 + 27.62525 elevation + 0.03255 UTM_easting 
                                                 + 0.769 UTM_northing          (p<0.0001, r2=0.2080, n=185)            [4] 
 
Table 5.  Relative importance of several main effects tested for their influence on the density of vigorous 
established conifer regeneration (n=161). 

  
Signif. of Main 

Effects 

Source d.f. Type III S.S.

% of 
Variance 
Explained F Prob.>F 

pine dominance, % of B.A. 1 220686469.9 7.69 12.65 0.0005 
stand age (yrs, projected from VRI) 1 602796.8 0.02 0.03 0.8528 
elevation, m 1 706535.7 0.02 0.04 0.8408 
easting (m, UTM zone 10U) 1 1578947.2 0.06 0.09 0.7640 
northing (m, UTM zone 10U) 1 1556583.0 0.05 0.09 0.7656 
biogeoclimatic subzone of the SBS 3 15959263.1 0.56 0.30 0.8218 
site series 7 87770602.7 3.06 0.72 0.6562 
 
The use of stepwise multiple regression, testing the first 5 variables listed in Table 5, produced a 
significant two-term model over the whole study area (Equation 5), and a separate (and quite 
different) two-term model for the SBSdw3 (Equation 6):  
 
Estab. Conifer Regen Dens. = 4717.12 – 61.45621 %Pine_BA + 3.11453 elevation  
                                                (p=0.0043, r2=0.0659, n=163)      [5] 
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Estab. Conifer Regen Dens. = 210040 – 0.3526 UTM_Northing + 15.7359 VRI_Stand_Age 
                                                (p=0.0146, r2=0.2969, n=27)                                      SBSdw3 only   [6] 
 

In most cases, we are interested not in average densities of seedlings and saplings, but whether 
stands (or predictable portions of stands) are stocked, with growing space fully occupied by 
established trees.  If we select the moderate threshold of 1000 sph, we can score all individual plots 
as meeting this target or not, as portrayed for this and other stocking thresholds in Figure 2.  With 
such as binary (stocked or not) designation serving as the response variable in logistical multiple 
regression, another type of statistical model can be developed (Equation 7): 
 
Prob(stocked at 1000 sph) = -0.0041 – 8.32 x 10-6 UTM_easting + 0.0407 %Pine_BA    (n=132)  [7] 
 
A prob value of greater than 0.5 from Equation 7 can be portrayed (i.e., mapped) as a “probable” or 
“likely” instance of meeting the 1000 sph stocking threshold, or these values can be themed as 
shades of gray (colour saturation) to convey the likelihood of stocking.    
 
Spatial Modelling 
The overall format of the preferred statistical model for describing trends in abundance of advance 
regeneration will largely determine the structure of any spatial model designed to map out where, 
and to what degree, we can expect to find high densities of established conifer regeneration in the 
understory of pine-leading stands in north-central British Columbia.  As indicated above, predictive 
variables can be continuous (e.g., elevation), or categorical (e.g., biogeoclimatic subzone or site 
series), and many variables can be employed in either continuous or categorical form (e.g., stand age 
vs. age class).  Likewise, the dependent variable can be continuous estimates of mean or median 
conifer density or the probability of stocking, or it can be portrayed (“themed”) into 3 or 4 
regeneration density categories, or as “probably stocked” or not.  Models depending solely on 
continuous independent variables can be expressed as simple (or complex) equations in the spatial 
model or GIS platform, while the use of categorical variables or mixed models involve some aspect 
of selecting alternative equations, or even alternative pre-calculated predictions.  Where a finite 
number of scenarios (e.g., site and stand type combinations) are to be explored, and thousands of 
map points or polygons have to be assigned scores, it is computationally efficient to externally derive 
a “look-up table” of predicted outcomes.  In all cases, however, there is the need to bring multiple 
spatial datasets together (which can be envisioned as map overlays), properly registering and geo-
referencing them, and then intersecting their respective polygons, line features, or raster cells into the 
smallest set of information combinations.   
 

A prototype schema developed by Mr. Brooks for the amalgamation of multiple sources of 
mapped data, and their manipulation using the results of statistical analysis, is presented in Figure 5.  
This particular model utilizes a look-up table that summarizes the median density of vigorous 
established conifers (summed for all species) found on each combination of site series, age class, and 
10% increment in pine dominance for each biogeoclimatic subzone.  Figure 6 provides a snapshot of 
the resultant VRI x PEM overlay and five themed levels of predicted median conifer regeneration 
density.  Alternative formulations based on the mapping of results from continuous models of both 
regeneration density and the probability of stocking (e.g., Equations 4 and 6) have also been explored 
but are not reported here.  
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Figure 5.  Schema of map layer manipulations and table look-up reference procedures for predicting the 

density or likelihood of conifer stocking in the understory of lodgepole pine forests. 
 
Extension 
During the course of the past year, this project and its implications have generated considerable 
interest in the forest research, management and policy communities.  In addition to the publications 
cited in the References below, the following presentations, posters and extension activities have 
featured the results of the research conducted as part of this project: 
Burton, P.J. 2006. Advance regeneration in lodgepole pine stands: Synthesis, modelling, and 

implications.” Presented 25 April 2006, at the “Forest Research in Northern British Columbia” 
panel discussion, Pacific Forestry Centre, Victoria, B.C. 

Burton, P.J. 2006. Advance regeneration in lodgepole pine forests. Field tour and presentation to 
Forest and Range Practices Advisory Council to the B.C. Minister of Forests and Range, 23 
June, 2006, Vanderhoof Forest District, B.C. 

Burton, P.J., and A. Hamann. 2006. Rapid transformation of pine-dominated sub-boreal forests in 
British Columbia mediated by insects and pathogens. Poster presented at the 13th Scientific 
Conference of the International Boreal Forest Research Association (IBFRA), 28-30 August, 
2006, Umeå, Sweden.  Abstract published at 
http://www.forrex.org/publications/jem/ISS38/vol7_no3_scienceforum.pdf 

Burton, P.J. 2006. Advance regeneration and secondary structure in pine-leading stands: How much 
is there? Where do we find it? Can we use it? Presented to field tour of Interior MoFR 
Managers, 20 Sept., 2006, Prince George Forest District, B.C. 
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Figure 6.  Predicted median densities of conifer regeneration in pine-leading stands in the SBSdw3 for a 
portion of mapsheet 93G076, located southwest of Prince George, B.C., based on implementation of the 
schema and 4-factor look-up table described in Figure 5.  Mature pine-leading stands with a grey colour 

coding indicate site and stand type combinations not sampled in this project and hence not included in our 
current version of the look-up table.  Inconsistencies in PEM determinations between map tiles (example 

highlighted by red oval) are a persistent problem. 
 
 
Burton, P.J. 2006. What future for British Columbia's pine forests? Seminar presented to Bulkley 

Valley Centre for Natural Resources & Management, Dec. 13, 2006, Smithers, B.C.  Abstract 
posted at http://www.bvcentre.ca/pdf/Events/SeminarSeries/06-
07/BurtonNRRMSeminar13Dec2006Abstract.pdf  [This presentation was followed up with an 
on-camera interview by the Terrace CBC television affiliate, and broadcast that evening]. 

   
Work is still underway to incorporate these results in Mr. Brooks’ M.Sc. thesis, and we plan to 

publish the first paper (utilizing the amalgamated, multi-author dataset) describing trends in the 
presence and abundance of advance regeneration in the Canadian Journal of Forest Research.  We 
are also booked to present results at the North American Forest Ecology Workshop in Vancouver on 
June 18th, 2007, as part of an organized oral session organized by Burton on post-MPB stand 
dynamics. 
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