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Executive Summary 
The current Mountain Pine Beetle (MPB) outbreak is the most severe and widespread in modern 
times. Forest managers are being severely challenged to mitigate potentially negative socio-
economic and biological impacts of timber salvage operations of MPB devastated stands. What 
are the short term and longer term ramifications of various forest management options to 
landscape biodiversity and to timber supply? In order to maintain and enhance biological 
diversity and forest productivity in the post-MPB era pine stands, we require the following 
information from these stands: 
 

• Ecological changes to, and value of, unique stand features affecting biodiversity, 
including wildlife trees, coarse woody debris characteristics and dynamics of unsalvaged 
and burned unsalvaged MPB stands; 

• Forest succession trajectories in unmanaged and burned MPB stands, including forest 
regeneration and non-crop vegetation dynamics; 

• Timber supply implications of leaving MBP stands untreated, including regeneration 
delay and growth and yield effects; 

• Ecological and timber supply benefits of burning unsalvaged MPB stands; and 
• Changes in lichen abundance and rate of tree fall as they impact caribou habitat quality. 

 
In order to answer these questions we propose to establish 50 research plots for long-term 
monitoring in MBP-killed pine stands.  Thirty of these will be mesic unharvested stands, 
stratified by climatic zone. Ten plots will be randomly placed in each of three climatic subzones 
(variants):  SBSdk, SBSdw3 and SBSmc3. In addition, ten plots will be established in subxeric 
SBSdk or SBSdw3 or SBSmc3 stands to track changes in lichen dynamics and availability in 
MPB stands. A further 10 plots in the SBSdw2 and SBSdk, will be established to compare 
unharvested and burned unharvested stands  
 
Within the monitoring plots we will record baseline measurements on: tree layer mensuration, 
wildlife trees, coarse woody debris (CWD), vegetation,  and dendrochronology. Data collection 
will be completed according to established research standards. Four main baseline datasets will 
be generated and recorded in MS Excel. These include: stand structure, CWD, (non-crop) 
vegetation, and dendrochronology. All plots will be resampled yearly until  2010 and will be 
available, funding permitting, for remeasurement at subsequent 5 year intervals. 
 
All data will be analyzed to detect changes over time in order to examine trends and calibrate 
existing stand growth and yield and stand development models, utilizing appropriate computer 
programs for statistical analysis and the simulation of stand dynamics. Extension objectives are 
to establish baseline plots upon which further research can be built, to illustrate the early stages 
of post-MPB stand dynamics in different zones through field tours, and to present preliminary 
results which will increase awareness and solicit feedback from researchers and forest managers. 
Extension objectives will be met through two workshops, written proceedings, a Northern 
Interior Forest Region (NIFR) extension note, a briefing note published in “Link” (Forex’s 
quarterly newsletter) and entering project data into the Natural Resource Information Network 
(NRIN).  
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Introduction 
The MPB outbreak currently spans more than 7 million ha in B.C., of which approximately 30% 
is expected never to be salvaged. For this land, the Chief Forester assumes that a 20 year delay in 
regeneration will occur, which is one of the considerations in forecasting a fall down in timber 
supply approximately 15 years hence (Peterson 2003). This estimate was based on a small 
sample of stands and expert opinion. To accurately predict the loss in timber yield from 
unsalvaged stands, data are required from a valid probability sample. It is critical to be able to 
accurately estimate future timber supply in MPB-affected areas so that appropriate measures can 
be taken to estimate and mitigate the fall down. This outbreak offers the opportunity to examine 
the ecological, social, and economic benefits and tradeoffs of three potential management 
options: no interference; the use of prescribed burning; and conventional timber harvesting.  
 
Large areas of the Northern Interior landscape can or will be managed in this manner (i.e. with 
an AAC fall down) with little appreciation of their impact on forest values. In addition, wildfires 
burned tens of thousands of hectares of beetle-killed timber in 2004. It has been noted that pine 
cones were completely consumed in some areas. Our plots, located throughout the Vanderhoof 
Forest District, will determine how well these areas will naturally regenerate and grow and 
determine the utility of prescribed fire as a rehabilitation tool. 
 
Forest plans call for the deferral of harvesting in old growth management areas, wildlife tree 
patches, and riparian buffers, but the ability of beetle-killed stands to provide the desired 
biodiversity habitat remains unknown. Consequently, all aspects of forest planning and the 
prospects for sustainable forest management in much of the Northern Interior are a matter of 
speculation. Some critical decisions need to be made on where to strategically leave unsalvaged 
stands for meeting land stewardship goals. Data on functional tree types, tree fall down rates, and 
lichen survival and growth from our plots will assist with these decisions. 
 
Currently there are a number of studies that have collected similar information. The drawback of 
all these studies is that they do not cover mesic sites in any other biogeoclimatic unit than the 
SBSdk, they were not randomly selected so inferences from these plots across the landscape are 
inappropriate, and data such as functional wildlife tree type and natural regeneration ingress were 
not collected. They are also one-time measurement plots with no remeasurement intended. Data 
from these plots will be useful to compare to certain data from our plots but we will not rely on 
data from these plots to satisfy our objectives due to the aforementioned limitations. 
  
Long-term monitoring of stands is the most precise method of describing structural and 
compositional changes over time and can provide information over both short and long time 
frames. While chronosequence or "space-for-time substitution" studies can elucidate broad 
trends, such cross-sectional studies cannot reliably substitute for longitudinal studies in exposing 
the mechanisms at play (Pickett 1989). The added (and usually unattributed) variance of site and 
site history differences make chronosequence approaches always open to criticism (Fleming 
1999). Short-term approaches cannot substitute completely for direct long-term observations of 
ecological phenomena (Franklin 1989). This is especially true when dealing with slow processes 
(e.g., plant succession), the impact of rare events (such as killing frosts), episodic phenomena 
(such as windthrow), processes with high variability, and an array of subtle processes and 
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complex phenomena that require long-term studies to separate pattern from noise (Franklin 1989, 
Pickett 1989). 
 
Data from the proposed system of randomly located permanent sample plots will provide 
scientifically irrefutable data to address a wide range of questions relating to MPB stand and 
ecosystem dynamics.  
 
This study seeks to set up a multi-purpose monitoring framework for facilitating the efficient 
evaluation and reporting of stand-level attributes and consequences of the outbreak. The data 
collected for this project will provide a much-needed understanding of:  (1) ecological changes 
and value of unique stand features (e.g., wildlife trees) of unsalvaged and burned unsalvaged 
MPB stands; (2) forest regeneration and non-crop vegetation dynamics of unmanaged and 
burned MPB stands; (3) timber supply (regeneration delay, growth and yield) and biodiversity 
implications of unharvested MPB stands; (4) relative ecological and economic (timber supply) 
benefits of burning unsalvaged MPB stands; (5) windthrow and decomposition dynamics of pine 
trees killed by MPB and (6) changes in lichen abundance and rate of tree fall, as they impact 
caribou habitat quality. 

Objectives 
In determining ecosystem changes over time in response to MPB, the study objectives are 
divided into short-term (1-3 years) and long-term objectives. The overarching themes of the 
objectives revolve around tree regeneration, mortality, value to wildlife, and ecological 
succession. 

Short-term Objectives: 
1) To initialize, parameterize, and test models to predict advanced regeneration growth and 

yield for unharvested MPB-killed pine stands (i.e., SORTIE-BC, TASS); 
2) To describe the extent of natural regeneration for MPB-killed stands and to ascertain the 

effect of burning on tree recruitment rates; 
3) To determine average mortality rates of lodgepole pine by age/diameter class, and to monitor 

understory release; 
4) To evaluate the “old-growth habitat value” of unsalvaged MPB stands by comparing 

functional habitat characteristics (e.g., number and type of Wildlife Tree and CWD Types 
(Keisker 2000) to data previously collected in old-growth stands (MacKillop and Holt 2004);  

5) To use models being developed by UBC and UNBC to determine initial snag fall rates and 
relate to wind events. 

Long-term Objectives: 
1) To develop tree recruitment rates by refining growth and yield projections of advanced 

regeneration; 
2) To examine and compare forest and vegetation succession patterns for salvaged MPB stands, 

for MPB stands that remain unsalvaged, and those that are unsalvaged and burned; 
3) To characterize changes in habitat values associated with CWD and wildlife trees with time; 
4) To parameterize existing dead wood models (e.g., DeLong et al. 2004) for MPB stands; 
5) To augment lichen succession work by Williston and Chichowski; and 
6) To determine longer term tree falldown rates and relate this to animal movement. 
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Linkages 
This project will be co-ordinated with a number of ongoing and proposed research projects in the 
northern Interior of B.C., mostly through the centralized sharing and collation of plot data: (1) 
MPBI funded projects (i) Keith Egger (UNBC) and colleagues, looking at the plant-soil-
rhizosphere interactions in unsalvaged, burned and logged stands attacked by MPB; (ii) Nathalie 
Lavoie (MoFR) and colleagues, in which fire behaviour in beetle-killed timber will be studied as 
part of a controlled burn planned for 2006; (iii) Steve Taylor, Brad Hawkes and Terry Shore 
(CFS) to relocate, sample and describe stand dynamics in old pine beetle monitoring plots in the 
Chilcotin and Entiako; (iv) research of Patience Rakochy and Chris Hawkins (UNBC), looking at 
the range of residual stand structures and the regeneration status and understory composition of 
beetle-killed stands in and around the Cheslatta Community Forest (2004) and in a range of 
young and old stands eastward to Prince George (2005); and (v) inventory of beetle-attacked 
pine stands of various ages in different regions of the province, in order to get a picture of the 
“shelf life” of dead trees, biomass dynamics, and regeneration status; (2) FSP funded research: 
(i) Dave Coates (MoFR) and colleagues, to document current stand structures and to predict 
(using SORTIE/BC) future stand dynamics in stands attacked by MPB; (ii) Phil Burton (CFS) 
and colleagues, to determine the extent of advanced regeneration in pure lodgepole pine forests, 
test for differences associated with biogeoclimatic unit, site series, and canopy attributes, and to 
subsequently develop a GIS-based model for predicting the extent of advanced regeneration in 
mature lodgepole pine stands.  
 
All of these projects require stand and vegetation descriptions at various locations to some 
degree. Our research will help those in which future field work is still required, and their work 
has helped choose the optimal network of long-term monitoring points, and can contribute to a 
centralized database of post-beetle stand dynamics. We see this as a keystone project in 
addressing a very important problem that is pre-occupying all forest and land use planning in the 
region at this time.  
 

Proposed Research Approach 
 

Methods of Investigation 
The intent of this project is to monitor changes in ecosystem properties of stands impacted by 
MPB. It will consist of multiple observations over time at fixed locations so temporal trends can 
be established. 

Field Methods 
We will use standardized methods for collecting stand structure and vegetation data over time as 
described below. 

Computing Requirements 
Standard data entry (Excel) and analysis (SYSTAT) software will be used. Arcmap will be used 
to create maps of plot locations.  
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Biometrics Support 
We will require biometric support over the length of the project to assist with data analysis of the 
time series of data.  

Data handling 
Research information and data generated by this project will be catalogued and linked with 
existing project data and products in Ministry of Forest’s Forest Science Program (MoFFSP) 
research database. Metadata tags for these projects and associated products will then be 
generated and uploaded to the NRIN database on an annual basis. The Research Branch has 
developed the methods and protocols for an efficient process. This will ensure that products 
resulting from BCFSP investments are made known to as broad an audience as possible. The 
metadata will also be also entered into a web-based application developed for the federal MPB 
Initiative assuming it is available (at this time CFS has not made it operational).  
 
There will be 4 main datasets generated for this project:  1) stand structure, 2) woody debris, 3) 
vegetation, and 4) dendrochronology. All will be entered or output to Excel and each variable 
described using the comment field in Excel. All data will be stored on a CD as well as on the 
MoF centralized government server for the NIFR. This data is backed-up and stored off site at 
the end of every workday. This will ensure that the BCFSP investment will be protected and will 
be accessible following a catastrophic event.  
 
Tree ring chronologies will be submitted to the International Tree-Ring Data Bank (ITRDB) at 
the World Data Center for Paleoclimatology according to the data standards listed at 
http://www.ngdc.noaa.gov/paleo/text/tringguide.html. One of the premier paleoclimatic 
databases in the world, the ITRDB contains measurements and tree-ring chronologies from over 
1500 sites around the world, from over 100 tree species.  Currently, British Columbia is under-
represented in the databank; our new chronologies will be an important addition to the 43 
existing chronologies from BC. 
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Experimental Design 

Definition of Terms 
COARSE WOODY DEBRIS (CWD) 

CWD includes logs and rooted trunks at an angle of < 45° with the ground surface, 
stumps < 1.3 m in height, large detached branches and slabs, large exposed roots, and 
upturned root masses. Taller stumps and more upright logs and rooted trunks are 
considered Wildlife Trees (WTs) (Keisker 2000). 

 
DECAY CLASSES 

Decay Classes are the nine classes of the B.C. Wildlife Tree Classification 
System (Wildlife Tree Committee of British Columbia 1997). 

 
TREE SPECIES 

Tree species considered: hybrid white spruce (Picea glauca x engelmannii), black spruce 
(Picea mariana), subalpine fir (Abies lasiocarpa), lodgepole pine (Pinus contorta var. 
latifolia), paper birch (Betula papyrifera), trembling aspen (Populus tremuloides), and 
black cottonwood (Populus balsamifera ssp. trichocarpa) and Douglas fir (Pseudotsuga 
menziesii. 
 

WILDLIFE TREE (WT) 
A wildlife tree is defined as a standing dead or live tree > 1.3 m in height, with special 
characteristics that are valuable for wildlife and that distinguish the tree from most other 
trees in the forest. Wildlife Tree Types (WTT’s) and Coarse Woody Debris Types 
(CWDT’s) are trees with specific attributes of value to habitat and are described in 
(Keisker 2000). 

 

Location 
Permanent sample plots are established in severely attacked stands 2-5 ha in size (providing 
enough space for a buffer and for destructive sampling) within the Sub-Boreal Spruce (SBS) 
zone (Meidinger et al. 1991) of the Vanderhoof Forest District (Figure 1). Co-operation from 
licensee partners has guaranteed that the sites will not be salvaged and instead will be maintained 
as wildlife tree patches for a minimum of one rotation. The sites represent both cooler, moist 
conditions and warmer, drier conditions. Sampled sites include mesic sites (01 site series) in the 
dry cool subzone of the SBS (SBSdk), the Kluskus variant of the moist cold SBS (SBSmc3), and 
the Stuart variant of the dry warm SBS (SBSdw3) (DeLong et al. 1993). In this manner, trends 
can be used to extrapolate responses expected under climate change.  
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Figure 1. Small-scale map of the plot locations within the Vanderhoof Forest District 
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Over two of the biogeoclimatic (BGC) units, dry (subxeric moisture regime) Pl - lichen sites will 
also be sampled based on availability. Plots are also established in a large fire that occurred in 
the Vanderhoof District in the summer of 2004 within the SBSdk. The lodgepole pine stands 
within the boundaries of this fire were attacked by MPB prior to the fire.  The goal is to establish 
10 plots in each of five stand types for a maximum of 50 plots, 46 of which are already? 
established (Table 1). The remaining plots will be established in early 2006. 
 
Table 1. Distribution of sample sites.  
 
Stand type Biogeoclimatic unit(s) Moisture regime Sample Size 
Pl leading, MPB red 
attack, unharvested 

SBSdk, SBSdw3, 
SBSmc3 

Mesic 30 (10 in each 
BGC unit) 

Pl leading, MPB red 
attack, unharvested 

SBSdk or SBSdw3 or 
SBSmc3 

Subxeric 10 

Pl leading, MPB red 
attack, burned, 
unharvested 

SBSdk, SBSdw2 Mesic 10 

Plot Selection 
Plot establishment will utilize information from the previously funded MPBI project, “Plan for 
establishment of Long-term Monitoring Plots in Mountain Pine Beetle Killed Stands”. Using 
available spatial data in a geographic information system (GIS), polygons that have the desired 
characteristics indicated in the rows of Table 1 are queried. The Integrated Land Management 
Bureau has current data on harvesting, relative beetle attack, stand type, large burns that occurred 
in 1994, and BGC site series. From this attribute list, twice the number of potential sample stands 
were selected for the required plots indicated in Table 1 (e.g., 100 total potential sample 
polygons). Final plot selection was contracted out and was determined in the field based on the 
plot’s ability to ensure long-term security, access (i.e., within 2km of a road or available boat 
access), and suitability based on site visitation (i.e., some polygons may not have the attributes 
that the mapping indicates).  

Installation Layout 
Near the centre of the 2-5 ha reserves chosen for sampling we will establish baseline 
measurements in a number of circular plots including: (1) stand structure measurements (height, 
DBH, live crown ratio, CWD) following Resource Inventory Committee (RIC) standards and 
numbering of each tree with aluminum tags; (2) classification of each tree and downed tree using 
the functional wildlife and CWD classification criteria developed by Keisker (2000); (3) a 
complete vegetation assessment according to RIC standards, with specialized modifications; and 
(4) regeneration assessment for all trees not included in the stand structure assessment. 
 
The installation generally follows the Resource Information Standards Committee Vegetation 
Resources Inventory (VRI) procedures for establishing Change Monitoring Inventory (CMI) 
ground sample plots (MSRM 2003). Establishment of an integrated plot centre, which is 
permanently marked with a metal stake, follows CMI standards (Figure 2). For all trees > 7.5 cm 
DBH a central 11.28 m radius (0.04 ha) plot is used.  
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Figure 2. Layout of sampling plots as adapted from the CMI procedures. 
 
For advanced regeneration (> 30 cm height and ≤ 7.5 cm DBH) a 5.64 m radius (0.01 ha) plot is 
nested within the 11.28 m radius plot (Figure 2). For small advanced regeneration and seedlings 
(i.e., < 30 cm height) four 1.26 m radius (0.0005) plots will be established. These plots will be 
located at the end of four – 15 m transects (i.e., outside of central 11.28 m plot in order to reduce 
trampling effects) (Figure 2). The first transect will be a random bearing that is not the same as 
the two CWD transect bearings in order to reduce trampling effects that will occur along the 
CWD transects. 
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We will adopt a modified VRI sampling protocol for CWD sampling. We will establish 2 – 30 m 
transects, one at a random bearing and the other + 90° to the first from the integrated plot centre 
(Figure 2). Along the first 10 m only CWD > 17.5cm diameter will be recorded, along the second 
10 m all CWD >7.5cm diameter will be recorded, and along the final 10m all fine woody debris> 
1cm diameter will be recorded.  
Two types of plots will be established to monitor changes in composition and abundance of 
vegetation. For the first measurement we will establish nested plots of (20m x 20m, 30m x 30m, 
40m x 40m and 50m x 50m) centred at the integrated plot centre to record species composition. 
Data from these plots will be used to establish the final plot size to be used in subsequent 
remeasurements. It will be based on the plot size that records at least 95% of the total species 
recorded within the largest plot. This will ensure the detection of rarer species. In order to 
measure cover changes of common species we will use the 4 – 1.26m radius (0.002ha) plots 
established for regeneration assessment. 

Measurements and Records 
Initial measurements will be conducted within the field seasons of 2005 and 2006. Subsequent 
measurements will occur in 2007, 2008, 2009, 2010 and in five year increments thereafter, 
assuming funding is available.  

Tree measurements 
Within the main 11.28 m plot, species, diameter at breast height (DBH, 1.3 m), % live crown, 
and wildlife tree type (WTT) according to Keisker (2000) (Table 2) will be recorded for all live 
and dead trees > 7.5 cm DBH. All trees are tagged with a numbered aluminium tag. Aluminium 
nails are used for live trees (to reduce infection probability) and steel nails are used for snags 
(aluminium nails bend too easily). Top height will be recorded for each tree and for those live 
trees < 10 m in height, the last three years of height increments will also be estimated. A sonar 
rangefinder will be used for all height measurements. For dead trees, branch order will be 
recorded as per Storaunet (2004) (Table 3). In addition a code will be assigned to each tree as to 
estimated cause of mortality. For MPB killed trees existing codes will be used (Table 4). Tree 
cores will be extracted at 1.3 m height on any dominant live trees to determine age of the stand. 
In addition, for the 30 plots from mesic sites in unburned MPB treatment, 10 cores will be 
extracted from randomly selected, dead dominant pines within each plot for determination of 
time since death (see dendrochronology methods). For live advanced regeneration (≥ 30 cm 
height and ≤ 7.5 cm DBH), height, DBH, and the last three years height increments will be 
recorded. For dead advanced regeneration, only height and DBH will be recorded. For small 
seedlings (< 30 cm height), height (rounded to the nearest cm), and substrate of establishment 
(i.e., rotting wood, mineral soil, humus) will be recorded. Substrate type by proportion of plot  
also will be tallied and each seedling is marked with a small diameter metal pin and numbered 
tag. All live tree information is coded consistent with VRI standards (BC Government 2002).  
 
 
 
 
 
 
 

 13



 

Table 2. Classification of snag function as habitat for wildlife using (WTT) coding system 
(adapted from Keisker 2000). 
 
Wildlife Tree 
Type Code 

Distinguishing Features 

WTT-1 Hard outer wood surrounding decay-softened inner wood 
WTT-2 Outer and inner wood softened by decay 
WTT-3 Small, excavated or natural cavities 
WTT-4 Large, excavated or natural cavities 
WTT-5 Very large natural cavities and hollow trees 
WTT-6 Cracks, loose bark, or deeply furrowed bark 
WTT-7 Witch’s brooms 
WTT-8 Large branches, multiple leaders, or large-diameter broken tops 
WTT-9 Arthropods in wood or under bark 
WTT-10 Open-structured trees in or adjacent to open areas 

 
 
Table 3. Branch order classification (adapted from Storaunet 2004). 
 

Branch Order Description 

5 Dead needles still attached 

4 Few or no needles but finest branches (i.e., with needle attachment stubs) 
abundant 

3 Few or no fine branches but 3rd order branches (i.e., main branch divides and 
then divides again) abundant 

2 Few 3rd order branches but 2nd order branches abundant 

1 Only main branches or stubs of main branches present on the trunk of the tree
 
CWD measurements 
 
For all logs that intersect the transects we will assess and record species (if identifiable), 
diameter at estimated breast height (DBH in cm), diameter at point of intersection, attachment of 
primary branches (3 classes: firm, loose, absent), fine branch flexibility (3 classes: pliable, 
brittle, absent), bark presence (3 classes: present, variable, absent) and bark attachment (4 
classes: firm, variable, loose, absent). The decay class of each log will also be classified based on 
sapwood and heartwood condition and log structural integrity (Storaunet and Rolstad 2002; 
Newbery et al. 2004) (Table 4). Since the stage of decomposition may vary in different parts of 
logs, we will use an average decay class from the section of the log closest to the roots. The 
configuration of each log will be assessed for potential use by wildlife and categorized into six 
different habitat function types (Keisker 2000; Table 5).  The six types are not mutually 
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exclusive, meaning a single log can function as multiple types of habitat. Bearing of each 
transect and position along the transect of each piece will be recorded so that additional CWD 
can be recorded in subsequent years. Additional CWD information (e.g., rate of accumulation or 
fall rate) will be available from trees that enter the CWD pool from our tree sample plots 
(recorded as down in future sampling period). Tree tag number will be recorded in subsequent 
remeasurements if any plot trees fall and intersects the transects.  

 
Table 4. Log decay classes based on structural integrity and soundness of sapwood and 
heartwood.  
 

Decay class Characteristics 

1 Solid log with sound sapwood and heartwood.  

2 Structurally sound log with preliminary signs of sapwood 
decay. 

3 Round log with structural integrity that supports its weight.  
Part of the sapwood in advanced stages of decay.  

4 Log resting on the ground, unable to support its own weight 
due to heartwood decay. 

5 Log incorporating into the forest floor with the roots of 
coniferous and deciduous vegetation ramified throughout the 
sapwood and heartwood. 

 
Table 5. Classification of log function as habitat for wildlife in the Sub-Boreal Spruce 
biogeoclimatic zone of British Columbia (after Keisker 2000). 
 
Function 
Type 

Attributes 

1 Large, concealed spaces 
2 Small, concealed spaces (or soft substrate allowing excavation of such 

spaces) at or below ground level and beneath hard material 
3 Small, concealed spaces above ground level 
4 Long, concealed spaces (or soft substrate allowing construction of 

runways) 
5 Large or elevated, long material clear of dense vegetation 
6 Invertebrates in wood, under bark or in moss, litter or humus 

accumulated on and around CWD 
 
 

Vegetation measurements 
In the large square plots a list of all vascular and non-vascular species will be created. In addition 
an ocular estimate of cover will be assessed for tree and shrub species. Within the 4 smaller plots 
an ocular cover estimate will recorded for each vascular and non-vascular species within the plot. 
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Data will be coded on the ecosystem field form (Appendix 1) using the procedures outlined by 
the Field Manual for Describing Terrestrial Ecosystems (BC Government 1998). Species names 
are coded using the first three or four letters of the genus and species in Latin (i.e., CORNCAN 
for Cornus canadensis). 

Dendrochronology measurements 
At least 100 additional cores from live dominant lodgepole pine trees will be obtained from 
MoFR. These cores were collected for FSP project #501073 (SIBEC site index estimates, version 
2005) and for an old growth project within Vanderhoof District and are from plots within the 
biogeoclimatic units in Table 1. We will only use cores from mesic plots. 

Cores will be prepared following standard denrochronological methods (Stokes and Smiley 
1968). Each core will be visually cross-dated. Ring-width series were measured to the nearest 
0.01 mm using a Velmex bench, and the ring-width series were statistically cross-dated using the 
program COFECHA (Holmes 1986). Properly dated and highly correlated ring-width series will 
be combined in master ring-width chronologies to represent average tree growth of each species 
at each site (Fritts 1976). 

Cores collected from dead pine (see Tree measurements) will be frozen after sampling to 
prevent further decomposition (Herman et al. 1972). The cores will be processed using standard 
dendrochronological techniques (Stokes and Smiley 1968). Ring-width series will be measured 
using a Velmex measuring bench or a WinDendro scanning system, both available at the UNBC 
dendrochronology processing lab. 

To estimate the year of tree death, we will statistically cross-date the ring-width series of the 
dead trees to the master ring-width chronologies to assign a calendar year to the outer-most ring 
on the wood sample. 

Quality control 
To ensure sampling is done correctly and carefully, field teams will be thoroughly trained on 
procedures. At least one member of the team must be capable of supervising lesser experienced 
members to ensure a high degree of accuracy.  Field measurements shall be conducted at a 
predefined level of precision. Bias is eliminated in the CMI procedures by ensuring that the 
processes are statistically valid and that rounding and vague definitions are avoided.  

Proposed Biometric Approach 
The study objectives are addressed by a biometric approach that is descriptive in the short-term 
(baseline measurements) and analytical as subsequent years’ monitoring data are collected. In the 
short term, the approach will focus on the characterization and modeling of i) advanced 
regeneration and ii) habitat values. In the long term, the focus will address the monitoring and 
modeling of stand and CWD dynamics. 
 
As we are more-or-less randomly selecting potential sites without substantial bias, the overall 
experimental design will be handled as a completely randomized design. Likely the most 
important use of the data will be to initialize and test models relating to timber supply and habitat 
supply, so the most important attribute of our data is that it is collected in an unbiased way. We 
will make comparisons between biogeoclimatic site unit, burned vs. unburned stands, and we can 
extrapolate effects of global warming using appropriate tools such as Analysis of Variance.   
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Forest Regeneration and Understory Release 
Tree mortality resulting from MPB will affect the developmental trajectory of the stand. The 
level of mortality is not uniform, requiring a determination of average mortality rates by age and 
diameter class. This is also helpful in predicting the extent of new natural regeneration. The 
effect of burning on stands and the extent of recruitment is captured by tracking individuals 
through time. Repeated monitoring will provide data on the density and species of new seedlings, 
and changes in forest floor substrates, primarily expected to reflect the death and decomposition 
of moss cover. 

 
In collaboration with Dr. David Coates (MoFR-Smithers), plot data (tree density, diameter at 
breast height, height, and basal area) will be used to initialize a forest succession and growth and 
yield model (SORTIE-ND) that is currently under development (see http://www.sortie-
nd.org/research/bc/ ). Capable of simulating seed dispersal and natural regeneration in a spatially 
explicit manner, the model will then be parameterized to the changing seedbed and light 
conditions resulting from MPB-induced mortality, loss of needles, and subsequent decay. 
Projections of stand development from both SORTIE-ND and TASS will be tested against what 
is observed in the field in order to further refine growth and yield implications. 

 
Approximately 40% of pure pine stands in the Northern Interior appear to have >600 stems/ha of 
advanced regeneration (primarily spruce and fir) in their understories (Burton 2006).  In stands 
where an understory of suppressed trees exists, it will be important to understand how overstory 
mortality affects understory release. Where the understory consists primarily of non-tree 
vegetation, changes in composition may occur due to altered ecological processes.  

 
For understory tree species, the baseline measurement of top height and the next four whorls 
provide a measure of pre-death growth increment. Using the leader and whorl measurements, an 
index of relative height increment (RHI) can be calculated as shown below. In this manner, pre-
death and post-death increment can be compared, illustrating understory release (Kneeshaw 
2002, p. 257).  

)1()(
)(

−+
=

tthLeaderLengtthLeaderLeng
tthLeaderLengRHI  

 
As monitoring progresses into the second year, understory release can be detected by graphing 
the RHI in one year against the RHI of the previous year. Over the long term, temporal changes 
in RHI can be contrasted by applying multivariate repeated measures analysis. Differences 
between years are contrasted with polynomial orthogonal contrasts (Kneeshaw 2002, p. 258). 
 

Vegetation 
 
This project gives us the opportunity to understand forest succession in the wake of almost 
complete stand mortality. We will compare the changes in vegetation composition and 
abundance over time using multivariate and ordination analyses. Over the long and medium 
term, tree, shrub, herb and moss/lichen layer changes will be tracked. Forest plant succession 
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will be compared between burned and unburned stands as well as between logged and unlogged 
stands. The subset of ten xeric plots will allow us track the effect of MPB mortality on lichen 
presence and abundance over time. In the immediate and short term we will be able to compare 
our vegetation data with existing vegetation summaries for undisturbed sites. Our vegetation data 
will be available for analyses of changes in wildlife habitat potential resulting from MPB 
mortality  
 

Recruitment of Habitat Values 
An evaluation of habitat values in unsalvaged MPB stands will be accomplished by comparing 
functional habitat characteristics e.g., number and type of Wildlife Tree and CWD Types 
(Keisker 2000) to data previously collected in old-growth stands (MacKillop and Holt 2004).  
Baseline summary tables containing the present number (Stone et al. 1998) and volume 
(Densmore et al. 2004) of pieces of CWD by diameter class will illustrate relationships initially 
and over time. The formula (Parminter 1998) for calculating CWD volume (V) is dependent on 
the transect length (L) and the individual diameters (d) intercepted along the transect is as shown 
below. 
 
V= (π2 ∑×÷ dL)8 2

 
Further exploratory data analyses will include a relative frequency distribution of CWD by plot, 
by treatment, and by site representation. Before combining the snag and CWD properties of plots 
within the same treatment/site series, parametric and/or non-parametric statistical tests will be 
conducted.  
 
An indicator of the extent of CWD recruitment can also be obtained by initially taking a ratio of 
older snags (minimum 5 years dead) to recently MPB-killed trees. Then as monitoring 
progresses, a ratio of snags to live trees will be used to document the dynamics and composition 
of snag and CWD recruitment (Spetich et al. 1999). Further to this method a ratio of live to dead 
basal area would also be an indicator of regeneration amount and survival over time. In 
conjunction with these analyses, models being developed by UBC and UNBC will be employed 
to determine initial snag fall rates and relate these to wind events.  
 

Long-term Approach: 
 

Stand Dynamics 
We will examine and compare forest and vegetation succession patterns for salvaged MPB 
stands, for MPB stands that remain unsalvaged, and those that are unsalvaged and burned: 

 to characterize changes in habitat values associated with CWD and wildlife trees with 
time; 

 to augment lichen succession work by Williston and Chichowski; and 
 to determine longer term tree fall rates which may be useful in determining CWD and 

accumulation rates and associated carbon pool changes.  
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Modelling 
We will model forest stand dynamics: 

 to develop tree recruitment rates by refining growth and yield projections of natural 
regeneration and advance regeneration in stands attacked by MPB; 

 to parameterize existing dead wood models (e.g., DeLong et al. 2004) for MPB stands; 
 

Maintenance Schedule 
Plot measurements and maintenance will be conducted annually for the three years that funding 
has been confirmed. Following this time period, maintenance and monitoring will continue on an 
ad hoc basis, as funding and staff time are available. Source of funding for regular 
(approximately 5 year) re-sampling will be vigorously pursued.  Licensees have been notified of 
the study activities and agreements are in place to retain the plot as reserves at least for one full 
rotation (circa 80 years).  

End Results:   
The main end result of this project will be an improved understanding of ecological changes 
associated with MPB mortality. Data from this project will be used to refine stand level tree 
growth and dead wood models. Habitat change data may also contribute to wildlife habitat 
studies. The randomly selected set of protected reserves provide an opportunity for other stand 
level research.  

Communication of Results 
The general attributes and availability of the research sites will be made widely known to other 
forest researchers via workshops and websites/links to be hosted by FORREX, UNBC, CFS and 
the Bulkley Valley Centre for Natural Resources Research and Management. This will maximize 
the use of the investment to answer other questions relating to MPB effects. Progress and results 
will be widely publicized through a sponsored workshop, FORREX publications (LINK), 
Northern Silviculture Committee winter workshops and summer field trips, seminars sponsored 
by UNBC and the Bulkley Valley Centre, and various web and hardcopy newsletters published 
by MoFR and CFS. The truly valuable “deliverable” will be a legacy of research plots, their 
locations and baseline data, for use by other researchers now and in the future. Many of the 
likely benefits are unanticipated at this time. 

Extension Partners 
FORREX will assist in the extension component of this project by providing workshop planning, 
co-ordination, and additional facilitation if required. Assistance in the review of Workshop 2 
summary will be provided. FORREX will work with project leaders to publish a briefing note on 
the project in LINK. A letter of support from FORREX can be found in Appendix 7.2. 

Extension Plan 
There are three main extension objectives of this project: 

1. To increase the awareness and knowledge of the project among the natural resources 
research and management communities in British Columbia and build upon the potential 
for the plots to contribute additional research and data through other users. 
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2. To present results and solicit feedback.  
3. To convey new understanding of ecological and forest dynamics in MPB-killed stands 

under various management scenarios (i.e., unsalvaged, unsalvaged burned, salvaged) to 
forest planners, managers, and other stakeholders. 

Workshops 
The first phase in meeting the extension objectives has been accomplished with the successful 
delivery of a consultative workshop hosted by Canadian Forest Products Ltd. in Prince George, 
B.C. Information was provided to researchers on plot design, plot size, etc. for the purposes of 
facilitating additional research that utilizes the framework of plots, and updates on related MPB 
stand dynamics research was solicited from other researchers. More than 30 participants were in 
attendance comprising interests of forest planners, biologists, natural resource modellers, and 
researchers.  
 
The second workshop is planned in April 2006 in collaboration with other events, likely through 
the Canadian Forest Service or FORREX to communicate findings. A third workshop will be 
held mid-February 2008. The targeted participants for this workshop would be natural resource 
modellers and forest planners who wish to use data from our plots to address sustainability issues 
associated with the MPB outbreak. Results from the first two years of monitoring will be 
presented in conjunction with insights on how the data might be used in planning and model 
development. Results will be presented from all the data collected and analyzed to date. 
Presentations will be solicited from model builders and timber supply analysts who will have 
used our data to develop longer-term predictions (e.g., stand simulations of unharvested MPB 
stands using SORTIE-ND). Up to 50 participants are expected to attend this workshop and a fee 
of $50 – $100 will be charged to recover most of the costs. A field tour in conjunction with the 
Northern Silviculture Committee or FORREX is being investigated for the summer of 2006 or 
2007. 

Publications 
The extension objectives will be further achieved through various publications. Summaries will 
be developed from each workshop and will be posted on the Ministry of Forests and Range web 
site (FORREX will also provide a description and link on its web site). Fulfilment of the 
extension objectives will be evaluated through questionnaires following each of the workshops. 
The questionnaires will be designed to determine how well the participants understand the 
purpose of the project, the interpretation of results, how the data will be used, and how well the 
workshops met their needs and were conducted. In addition, an annual report on findings will be 
completed and project metadata entered into the Natural Resource Information Network (NRIN). 
A briefing note outlining the project and product will be submitted by March 31, 2007 to 
FORREX’s newsletter LINK (http://www.forrex.org/link/), which is published online as well as 
in paper copy, and distributed to subscribers for free throughout the province. The newsletter 
promotes and encourages the sharing of resource management information among the diverse 
resource community of B.C. 

Roles and Responsibilities 
Project establishment has been and will continue to be the responsibility of the Research Section 
of the Northern Interior Forest Region and their delegates. This is also the case for project 
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reporting, extension, and demonstration. Data collection, maintenance, and re-measurement will 
continue to be done by staff. Upon the designation of an experimental plot (EP) number, all users 
of the land-base will be aware of the plots. Interim agreements have been reached with the 
licensees.  

Schedule of work 

Deliverables and Extension:  
 
Deliverables Completion Date 
Development of detailed methods and preparation for field season. 
Preliminary information collection (maps etc) for selection of plot 
locations. Recruitment of research assistants. Initial work plan developed.  

June 2005 

Workshops to develop synergies with other funded projects  June 2005 
Plot establishment and sampling September 2005 
Development of master chronology to determine time since death of 
sampled trees November 2005 

Analysis and development of detailed work plan March 31 2006 
Workshops, likely in through CFS and/or FORREX, to communicate 
findings 

April 2006 

Year 2 monitoring of permanent plots September 2006 
SBS Workshop and field tour in conjunction with NSC or FORREX. June 2006 
Annual report on findings March 2007 
Year 3 monitoring of established plots Sept. 2007 
Annual report on findings March 2008 
Report, publication and information transfer of findings of 3 year 
measurements, meta-data description and data availability 

Sept. 2008 

 

Year 1 Activities  
 
Activity Estimated 

Start Date 
Estimated 
Completion 
Date 

Estimated Cost Responsible Team Member

Workshop 1 May May 31/05 0 DeLong 
Plot Selection May 1 June 15/05 $4000 DeLong 
Plot 
establishment 
and sampling 

June 1 Sept 30/05 $40 000 DeLong/Burton 

Dendro 
processing and 
data entry 

Sept 15 Dec 15/05 $4000 DeLong 

Initial analysis Dec 1 Dec 15/05 $2400 DeLong/Burton 
FSP reporting Sept March 15/06 0 DeLong 
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Year 2 Activities  
Project activities will include:  
• locate and establish any plots that could not be competed in 2005; 
• resample plots established in 2005; 
• complete an establishment report; and 
• advertise the existence of our study as a data source or for additional studies using LINK 

article and other means (MoF website). 

Year 3 Activities  
Project activities will include: 
• resample all plots; 
• analyze all data to examine 1 – 2 year trends; 
• host workshop relating to stand dynamics following MPB; and 
• produce a research note providing 2 year results. 
 

Project Costs 
 

FSP Partners  
 
Fiscal 
Year/ 
Source1

Salary & 
Related 
Costs 

Non-
Salary 
Costs2

 
 
Subtotal 

Delivery 
Allowance 
(5%) 

 
 
Total 

 
 
Cash 

 
In-
Kind 

 
 
Project 
Total 

2005-06  
FSP 
MoF 
CFS 
Industry 

 
$36 600 

 
$ 11 400 
 

 
$48 000 

 
$ 2 400 

 
$50 400 

 
n/a 

 
 
$14 000 
$14 000 
$  5 000 

 
$50 400 
$14 000 
$14 000 
$  5 000  

2006-07  
FSP 
MoF 
CFS 
Industry 

 
$18 300 

 
$ 11 400 

 
$29 700 

 
$ 1 485 

 
$31 185 

 
n/a 

 
 
$18 000 
$18 000 
$  5 000 

 
$31 185 
$18 000 
$18 000 
$  5 000 

2007-08  
FSP 
MoF 
CFS 
Industry 

 
$18 300 

 
$ 11 400 

 
$29 700 

 
$ 1 485 

 
$31 185 

 
n/a 

 
 
$18 000 
$18 000 
$  5 000 

 
$31 185 
$18 000 
$18 000 
$  5 000 

Total 
FSP 
MoF 
CFS 
Industry 

 
$73 200 

 
$34,200 

 
$107 400 

 
$ 5 370 

 
$112 770 

 
n/a 

 
 
$50 000 
$50 000 
$15 000 

 
$112770 
$ 50 000 
$ 50 000 
$ 15 000 

1 Over 50% of the project costs are from in-kind contributions by the project partners and team. 
Capital purchases: none.  
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2 Expenses are largely for field work: 3 months truck rental, gas, consumable supplies, up to 60 
days/yr of accommodation and meals @ $113/day; workshop and meeting costs will be borne by 
partners. 

 
 

 23



 

References 
 
Braun-Blanquet, J. 1932. Plant Sociology: The Study of Plant Communities. First Edition, 

McGraw-Hill, New York.  
Burton, P.J.  2006.  Restoration of forests attacked by mountain pine beetle: Misnomer, 

misdirected, or must-do?  BC Journal of Ecosystems and Management 7: in press. 
DeLong, S.C., S.A. Fall, and G.D. Sutherland. 2004. Estimating the impacts of harvest 

distribution on road building and snag abundance. Can. J. For. Res. 34: 323-331. 
Densmore, N., J. Parminter, and V. Stevens. 2004. Coarse woody debris: inventory, decay 

modelling, and management implications in three biogeoclimatic zones. BC Journal of 
Ecosystems and Management 5(2):14–29. 

Fleming, R.A. 1999. Statistical advantages in, and characteristics of, data from long-term 
research. The Forestry Chronicle 75(3): 487-490.  

Franklin, J.F. 1989. Importance and justification of long-term studies in ecology. Pp. 3 - 19 in 
G.E. Likens, ed. Long-Term Studies in Ecology: Approaches and Alternatives. Springer-
Verlag, New York.  

Fritts, H.C. 1976. Tree Rings and Climate. Academic Press, San Diego, California. 
Herman, F. R., C. E. Smith, and J. E. Firth. 1972. Ring count of decayed wood made easier 

through freezing. Journal of Forestry 70: 743. 
Holmes, R.L. 1986. Quality control of cross-dating and measuring: a user’s manual for program 

COFECHA. Pages 41-49 in R. L. Homes, R. K. Adams, and H. C. Fritts, editors. Tree-ring 
Chronologies of Western North America: California, Eastern Oregon and Northern Great 
Basin. University of Arizona Press, Tucson, AZ. 

Keisker, D.G. 2000. Types of wildlife trees and coarse woody debris required by wildlife of 
north-central British Columbia. B.C. Ministry of Forests, Victoria, B.C. Research Program 
Working Paper 50. URL: http://www.for.gov.bc.ca/hfd/pubs/Docs/Wp/Wp50.htm. 

Kneeshaw, D. D., H. Williams, E. Nikinmaa, and C. Messier. 2002. Patterns of above- and 
below-ground response of understory conifer release 6 years after partial cutting. Can. J. For. 
Res. 32: 255-265. 

MacKillop, D. and R.F. Holt. 2004. The effects of mountain pine beetles (Dendroctonus 
ponderosae) on old-growth stand dynamics in the Moist Interior Plateau, Vanderhoof Forest 
District. Draft report to the B.C. Ministry of Forests, Northern Interior Forest Region, Prince 
George, B.C.  

Ministry of Environment, Lands & Parks and Ministry of Forests. 1998. Field manual for 
describing terrestrial ecosystems. Available at: http://srmwww.gov.bc.ca/risc/pubs/teecolo/ 
fmdte/deif.htm cited November 2005.  

Ministry of Sustainable Resource Management. 2003. National Forest Inventory British 
Columbia: Change monitoring procedures for provincial and national reporting. Available at: 
http://srmwww.gov.bc.ca/tib/vri/vri/standards/index.html#cmi cited December 2004. 

Ministry of Sustainable Resource Management. 2002. Standard and Procedures for Integration of 
Terrestrial Ecosystem Mapping (TEM) and Vegetation Resources Inventory (VRI) in British 
Columbia. Available at:  http://ilmbwww.gov.bc.ca/risc/pubs/teveg/tem-vri-integration/tem-
vri-integration-02.pdf cited December 2005. 

 24

http://www.for.gov.bc.ca/hfd/pubs/Docs/Wp/Wp50.htm
http://srmwww.gov.bc.ca/risc/pubs/teecolo/%20fmdte/deif.htm
http://srmwww.gov.bc.ca/risc/pubs/teecolo/%20fmdte/deif.htm
http://srmwww.gov.bc.ca/tib/vri/vri/standards/index.html#cmi
http://ilmbwww.gov.bc.ca/risc/pubs/teveg/tem-vri-integration/tem-vri-integration-02.pdf%20cited%20December%202005
http://ilmbwww.gov.bc.ca/risc/pubs/teveg/tem-vri-integration/tem-vri-integration-02.pdf%20cited%20December%202005


 

Newbery, J.E., Lewis, K.J. and Walters, M.B. 2004. Estimating time since death of Picea glauca 
x P.engelmannii and Abies lasiocarpa in wet-cool sub-boreal spruce forests. Can. J. For. Res. 
34: 931-938. 

Parminter, J. Correction factors for coarse woody debris sampling. Available at: 
http://www.for.gov.bc.ca/hre/deadwood/DTmes4.htm cited December 2005. 
Pickett, S.T.A. 1989. Space-for-time substitution as an alternative to long-term studies. Pp. 110 - 

135 in G.E. Likens, ed. Long-Term Studies in Ecology: Approaches and Alternatives. 
Springer-Verlag, New York. 

Pojar, J., K. Klinka, and D. V. Meidinger. 1987. Biogeoclimatic ecosystem classification in 
British Columbia. For. Ecol. and Manage. 22: 119–154. 

Spetich, M. A., S. R. Shifley, and G. R. Parker. 1999. Regional distribution and dynamics of 
coarse woody debris in Midwestern old-growth forests. Forest Science 45(2): 302-313. 

Stokes, M. A., and T. L. Smiley. 1968. An introduction to tree-ring dating. University of Chicago 
Press, Chicago, Ill. 

Stone, J. N., A. MacKinnon, J. V. Parminter, and K. P. Lertzman. 1998. Coarse woody debris 
decomposition documented over 65 years on Vancouver Island. Can. J. For. Res. 28: 788-
793. 

Storaunet, K. O., and Rolstad, J. 2002. Time since death and fall of Norway spruce logs in old-
growth and selectively cut boreal forest. Can. J. For. Res. 32: 1801-1812. 

Storaunet, K.O. 2004. Models to predict time since death of Picea abies snags. Scandinavian 
Journal of Forest Research 19:250-260. 

 25



 

 

Vegetation Recording Form for Large Plots 

Appendix 1: Data Recording, Coding Forms and codes 
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Vegetation and Coarse Woody Debris coding forms 

Live tree information 
 

 
 

Dead tree information 
 

 
 

Downed tree information (CWD) 

 

Plot vegetation for 1.26m radius plots 
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Plot Data Codes: Tree#, SPP, LS, DBH, BK%, LEN, CROWN(C, HT) 
LS 
LS live-standing 
LF live-fallen 
DS dead-standing 
DF dead-fallen 
 
BK% 
Percent of bark missing 
 
Crown Classes 
D dominant 
C co-dominant 
I intermediate 
S suppressed 
Damage Agents 
0 No detectable abiotic or biotic damage 
U Damage evident but causal agent unknown 
N Non-biological (abiotic) injuries 
NB Fire 
 
Loss Indicators 
DD Unknown stem decay (conk) 
DDB Birch trunk rot 
DDS Sulfur fungus 
DDE Rust red stringy rot 
DDF Brown crumbly rot 
DDH Hardwood trunk rot 
DDO cedar brown pocket rot 
DDP Pini (red ring) rot 
DDQ Quinine conk 
DDT Aspen trunk rot 
DR Unknown root decay 
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DRA Armillaria root disease 
DRB Black stain root disease 
DRC Laminated root rot, cedar strain 
DRL Laminated root rot 
 
Decay Classes 
1 Intact hard 
2 Intact, hard to partly decaying 
3 Hard large pieces, partly decaying 
4 Small Blocky pieces 
5 Many small pieces, soft portions 
 
Wildlife Visual Appearance 
1 live/healthy – no decay 
2 live/unhealthy – internal decay/growth deformities (insect damage/broken top) dying 
3 dead – hard heartwood; needles and twigs present minimal branch/bark loss 
4 dead – hard heartwood; no needles/twigs present 50% branch loss, loose bark, broken top 
5 dead – spongy heartwood; most branches/bark missing, internal decay 
6 dead – soft heartwood; no branches or bark, roots softening, small tree unstable 
7 dead – soft heartwood; stubs, extensive internal damage, lateral roots decomposed 
8 dead –  mostly down soft heartwood; stubs, extensive internal damage, lateral roots decomposed  
9 debris –  completely down stubs or stumps 
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Appendix  2  Plot Location Map 
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