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Abstract 
 
The average mortality as of 2008 was 53% (STD=17%) across the trial installations.  
Mortality increased with elevation with the three highest blocks in the MSxv subzone 
having the greatest mortality.  The Chezacut block was the most heavily damaged at 80% 
dead.  In the replicated trial, on average the damage was higher in the no-harvest 
treatments (57%) compared to the partial cut treatments (49%-54%).  Estimated mortality 
rates are higher than measured on the permanent growth and yield plots (46%) in 2006.  
The small increase between 2006 & 2008 may indicate that the MPB infection rate has 
slowed substantially in this area. 
 
Introduction 
 
The Itcha-Ilgachuz Alternative Silvicultural Systems Project was established in 1994 to 
test group selection (GS) and irregular group shelterwoods (IGS) using stem-only (SO) or 
whole-tree harvesting (WT) as options to maintain caribou habitat while allowing for 
timber harvesting.  The trial has progressed from a pilot block harvested in 1995, a 
replicated trial (five blocks with four treatments) in 1996 and two adaptive management 
blocks cut in 1998 (Satah) and 1999 (Chezacut).  The trial blocks occur in the winter 
range of the Itcha-Ilgachuz caribou herd which forage on terrestrial and arboreal lichen in 
the winter.  The research trial measures the effect of the partial cutting on lichen, 
regeneration (natural & planted), tree fall, long-term site productivity, microclimate and 
birds.  
 
The mortality of lodgepole pine trees has been extensive on the Chilcotin Plateau in 
northern caribou habitat.  The 1980’s attack resulted in 7 – 20% mortality across the trial 
blocks. The lowest elevation blocks in the SBPS had much higher mortality than the 
higher elevation blocks in the MSxv.  The recent outbreak of Mountain Pine Beetle was 
first recorded on the trial blocks in 2003 at 4% but by 2006, 46% mortality was recorded 
on our permanent growth and yield plots.  The high level of tree mortality will directly 
affect all the variables under study in the trial plus the movement of caribou. 
 
On August 12, 2006, high resolution, digital photographs were taken from a fixed wing 
aircraft of the group selection, irregular group shelterwood, and no-harvest treatments in 



the Satah Adaptive Management block, the Chezacut Adaptive Management block, the 5 
replicated trial blocks and the pilot block.  The intent was the measure the amount of 
mortality in each treatment unit then compare treatments, geographic areas and 
biogeoclimatic zones.  They also provide a baseline dataset to use to measure treefall 
which may affect caribou use. 
 
Study Area 
 
The pilot block, replicated research trial and Satah Adaptive Management blocks occur on a 
gently rolling, high-elevation plateau near Satah Mountain (52°28'N, 124°43'W) located 
about 110 km northwest of Alexis Creek, B.C.  The Chezacut Adaptive Management block 
lies to the northeast of the Satah block just below Baldface Mountain.  The blocks occur in 
either the very dry, very cold Montane Spruce (MSxv) or very dry, cold Sub-Boreal Pine–
Spruce (SBPSxc) biogeoclimatic subzones, are located in northern caribou habitat.  Elevation 
from 1260 m in the SBPSxc to 1640 m in the MSxv. SBPSxc blocks, are flat while the MSxv 
blocks are gently sloped (≤ 20%) and aspect is easterly. All blocks are located within stands 
that were initiated after stand-destroying wildfires. Based on tree-core data, from the 
replicated trial, trees in the main canopy were of similar age (220–250 years), with a 
scattering of trees over 300 years in one block. Soils are Orthic Dystric Brunisols, and have a 
sandy loam texture and a mor humus type (2–6 cm thick). 
 
Methods 
 
Similar to viewing air photos in stereo, adjacent aerial photos are overlapped using 
Google Earth software, creating a parallax.  This parallax can be used to differentiate 
overstory trees from understory trees and ground level vegetation.  Photos are 
georeferenced to ortho photos in Google earth, sample areas are chosen and stem maps 
are created.  Once the stem map is complete, the total amount of dead and live trees can 
be determined.  Through this process, MPB mortality can be compared between treatment 
units and blocks.  
 
On August 12, 2009, aerial photos were taken of the partially cut Lodgepole pine forests 
of West-Central BC in order to assess the extent of MPB mortality.  The Satah Mtn. 
replicated trial (blocks 1-5), Pilot block, Adaptive Management and Chezacut areas were 
chosen as the sampling area.  Photos were taken of all treatment units, except block 3 – 
GS-SO, Pilot block – C, Chezacut – C1a and Chezacut - C2a. 
 
The camera was set up on a 1-second time interval, providing sufficient photo overlap of 
the treatment units.  Versions of the photos were saved in three main folders: originals, 
subsampled and georeferenced.  Within the three main folders, photos were organized 
into subfolders based on trial/block name and treatment unit (Figure 1).  Copies of the 
original photos (after being renamed) were saved in the original subfolder.  The original 
photos were then subsampled and saved in the subsampled folder, based on the procedure 
outlined by Teti (2007).  The subsampling process decreases the file size by changing the 
resolution using the Thumbnailer program.  The subsampled photos for each treatment 
unit were stitched together to form a mosaic, using PTgui software.  The mosaic images 
were saved in the geo-referenced folder. 



 

 
Figure 1.  Folder set up within Windows Explorer. 
 
 
Each mosaic was then geo-referenced to the ortho photo provided in Google Earth.  
Within each treatment unit, forested patches were chosen for stem mapping.  All patches 
that were distinct and fell within approximately 50 m of either side of the flight line were 
numbered using Google Earth placemarks.  From these numbers, two patches were 
randomly selected using Microsoft Excel.  Each patched contained no less than 100 trees, 
and ideally between 150 – 200 trees.  In the case that the minimum number of trees was 
not attained, additional patches were added.  If the residual forested patches (within the 
treatment units) were not easily distinguishable, then lichen plots were used as 
approximate “patch centers.”  Lichen plots that fell in forested areas were randomly 
selected in the same fashion as the patches.  The growth and yield plot center and one 
randomly selected lichen plot were used as approximate patch centers for the control 
areas. 
 
Once the mosaic was aligned and the sample patches were selected, polygons were drawn 
around the forested patches.  Higher quality photos (original photos, reduced to 40% of 
the file size) were overlayed and georeferenced to the underlying mosaic in Google earth.  
These files were saved as KMZs within the “georeferenced” folder.  Original photos that 
had sufficient overlap were chosen for sample patch areas.  If the original photos were 
correctly georeferenced, a parallax was created.  By turning one of the georeferenced 



original photos on and off quickly, the tree crowns shift.  The larger the parallax shift, the 
taller the tree.  This made it possible to distinguish between understory vegetation and 
green overstory trees.   
 
All standing dead trees (grey and red attack) within the sample patches were mapped with 
a placemark (red), while the green trees were marked based on the following crown width 
categories: 1-2 m (yellow), 2-3 m (light blue), and 3+ m (white) (Figure 2).  All 
placemarks were added using one of the original photo overlays as the reference image.  
Placemarks were placed as close to the center of the crown as possible.  All points, 
polygons, photo overlays, and stem maps were saved as a single KMZ file for each 
treatment unit (named “Block – TU – photos_O_date”).  A back up copy of each patch 
(and its stem map) was also saved as a separate KMZ file (Figure 3).  Patch polygon 
areas (m2) were calculated using Global Mapper (Ver. 10), and data were summarized in 
Excel. 
 

 
Figure 2. Example patch from block 4, including photo mosaic, original photo overlays, 
and stem map.  The green line represents the flightpath. 
 
 

 



Figure 3. Example of folder structure within Google Earth, where “Block 4 3833 to 
3839” is the photo mosaic, and “3835 reference image” and “3837” are the original photo 
overlays.   
 
Results and Discussion 
 
Using the stem maps, the total number of dead and live trees was determined.  Percent 
dead and live trees were calculated, as well as stems per hectare (sph).  Table 1 
summarizes the distribution of MPB mortality between treatment units throughout the 
replicated trial, and Table 2 summarizes the Pilot block, Chezacut and the Adaptive 
Management areas.  Table 3 shows the percent dead and live trees, averaged over the 
entire block area. 
 
Table 1a. Summary of average patch area (within each treatment unit) and percent dead 

and live overstory trees in the replicated research trial. 
 

Block Treatment 

Average 
patch area 
sampled 

(ha) 
% 

Dead 
% 

Live
1 IGS-SO 0.27 45 55 
1 IGS-WT 0.16 19 81 
1 GS-SO 0.14 47 53 
1 No-harvest 0.20 60 40 
2 IGS-SO 0.13 42 58 
2 IGS-WT 0.25 44 56 
2 GS-SO 0.15 31 69 
2 No-harvest 0.14 41 59 
3 IGS-SO 0.24 47 53 
3 IGS-WT 0.17 51 49 
3 No-harvest 0.14 50 50 
4 IGS-SO 0.27 44 56 
4 IGS-WT 0.23 50 50 
4 GS-SO 0.11 52 48 
4 No-harvest 0.13 63 37 
5 IGS-SO 0.23 75 25 
5 IGS-WT 0.24 83 17 
5 GS-SO 0.22 86 14 
5 No-harvest 0.19 72 28 

Mean 
& 

STD   

53 
 

17 

47 
 

17 
 



 
Table 1b. Percent mortality among treatments in the replicated trial (n=5 blocks) 
 
Treatment %dead %alive 
IGS-SO 50.6 49.4 
IGS-WT 49.3 50.7 
GS-SO 53.9 46.1 
No-
harvest 57.1 42.9 

 
 
Table 2. Summary of average patch size (within each treatment unit) and percent dead 

and live overstory trees. 
 

Block Treatment 

Average 
patch area 

(ha) % Dead % Live 

Pilot 

Clearcut with 
30% retention 

using scattered 
patched 0.05 49 51 

Pilot GS-SO 0.21 68 32 

Pilot 

Clearcut with 
30% retained in 

big islands 0.18 52 48 
Chezacut AM No-harvest 1 0.25 87 13 
Chezacut AM No-harvest 2 0.31 82 18 
Chezacut AM GS-SO 0.17 77 23 
Chezacut AM IGS-SO 0.27 74 26 
Satah AM No-harvest 1 0.12 37 63 
Satah AM No-harvest 2 0.15 42 58 
Satah AM IGS-SO 0.20 47 53 
Satah AM GS-SO 0.20 57 43 

 
 
Table 3. Summary of average patch size (throughout entire block) and percent dead and 

live overstory trees. 
 

Block   
Biogeoclimatic 

zone 
Elevation 

(m) 
% 

Dead 
% 

Live 
1 SBPSxc 1280 - 1300 43 57 
2 SBPSxc 1310 - 1325 39 61 
3 MSxv 1400 - 1440 49 51 
4 MSxv 1475 - 1515 52 48 
5 MSxv 1570 - 1670 79 21 

Pilot MSxv 1460 - 1520 57 43 
Chezacut AM MSxv 1540 - 1640 80 20 

Satah AM MSxv 1400 - 1620 45 55 
 
 



The partial cutting treatments in the replicated trial have similar mortality levels while the 
no-harvest controls have slightly higher mortality (Table 1b).  The controls in the 
Chezacut block show a higher percent mortality versus the treatments (Table 2), while the 
Pilot block and Adaptive Management area seemed to vary between treatments.  The 
mortality increased by 20% between the lower elevation blocks (1-3) and block 5 (Table 
3).   
 
The Chezacut area had the highest mortality (80% dead), while block 2 of the replicated 
trial had the lowest mortality (39%).  One possible explanation for this may be that block 
2 has a greater amount of regeneration as compared to the rest of the blocks.  Table 4 
shows the increase in mortality (stems per hectare) between the initial cruise data of 1995 
and August 12, 2008, when the aerial photos were taken. 
 
 
Table 4.  Characteristics of the five blocks from cruise compilations (1995) before 
harvest (minimum dbh = 12.5 cm), as well as the amount of MPB mortality in 2008, as 
determined by stem maps. 
 
Block Subzone Elev 

(m) 
Mean 
dbh 
(cm) 
1995 

Gross 
volume 
(m³/ha) 

1995 

2008 
mortality 
stems/ha 

1 SBPSxc 1290 16.9 115 1004 
2 SBPSxc 1320 19.5 100 1205 
3 MSxv 1420 19.0 228 1086 
4 MSxv 1495 18.7 294 953 
5 MSxv 1620 21.6 283 633 
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