
 

 

 

 

Silviculture Treatments for Ecosystem 

Management in the Sayward 

Progress Report: STEMS 2 Elk Bay 

Regeneration and Windthrow after 3 Years 
 

 

 

 

 

Louise de Montigny 

Research Branch 

BC Ministry of Forests and Range 

 
 

 

 

 

 

April 20, 2009 

 



 2 

Progress Report STEMS 2 Elk Bay: 

Regeneration and Windthrow after 3 years 
 

 

Executive Summary 
The STEMS experiment examines the long-term effects on forest productivity, 

economics, and public perception of seven silvicultural systems and extended rotation 

treatments replicated at three sites in the Sayward Forest.  The treatments include five 

different silvicultural systems: clearcut with reserves, modified patch cut, group 

selection, aggregate retention, and uniform dispersed retention, which are compared 

against two extended rotation options, with and without commercial thinning.  The 

second replication at Elk Bay is composed of western hemlock-leading stands.   

This FIA-FSP study examines the effects of the seven treatments on planted and natural 

regeneration and windthrow three years after harvest.  Preliminary results are as follows: 

 Mortality was highest in the second year after planting and was highest in the 

group selection treatment (6%).  Mortality in the third year was minimal (1 to 3%) 

and occurred only in the clearcut and dispersed retention treatments. 

 Planted Douglas-fir height of averaged about 1 m in all treatment units except the 

modified patch cuts in which it was less than 80 cm.  Planted western redcedar 

height was between 70 and 80 cm.  

 Browsing on Douglas-fir in the second year was low (1 to 7%) compared to 

western redcedar (21–30%).  In the third year, browsing on Douglas-fir was 

higher especially in the group selection and modified patch cut (66% and 59% 

respectively), compared with western redcedar (28% and 31% respectively).  
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Protection of western redcedar seedlings with Sinocast tree cones likely limited 

the amount of browsing. 

 Density of natural regeneration ranged from 1400 to 16400 germinants per ha and 

2200 to 13400 seedlings per ha with the group selection having the highest natural 

regeneration density of all treatment units. 

 Douglas-fir was the tallest naturally regenerated species in the clearcut, dispersed 

retention and group selection treatments (50 to 70 cm).  Western hemlock was the 

tallest in the dispersed retention treatment (about 1 m). 

 Windthrow was highest in the second year after harvest.  The aggregated retention 

treatments was most strongly affected and had only 37% of residual trees still 

standing after 3 years, followed by the dispersed retention and extended rotation 

with commercial thinning treatments that had 65 and 70% residual trees still 

standing.  Most trees that were leaning after the second year had fallen by the 

third year. 

 The experiment is a long-term experiment and preliminary results can not be 

expected to generate management implications at such a young age.  However, 

the data generated from this experiment are being used for calibration and 

validation of models for early growth and yield in complex stands and windthrow.   



 4 

Acknowledgements 
 

Thank you to International Forest Products Limited (Interfor) and especially Robin 

Modesto for their continued support of the research at the STEMS 2 installation.  Thank 

you to Dave Goldie for his continued hard work and dedication in ensuring high quality 

data collection data.  Thank you to researchers Steve Mitchell and Ken Byrne of the 

University of British Columbia for their involvement and continued monitoring of the 

windthrow study.  Many thanks to Gord Nigh for his assistance in data analysis. Funding 

for this project comes from FIA-FSP.   



 5 

Introduction 

Clearcutting has been the primary silvicultural system applied on the coast over the last 

century and we have become very skilled at timber management on many types of terrain 

in varying ecosystems. However, with increasing public demand for forests with multiple 

uses including timber, recreation, non-timber forest products, and diverse wildlife habitat, 

clearcutting has become increasingly socially unacceptable.  As well, the threat of climate 

change and its consequences on forest ecosystems (such as the mountain pine beetle 

epidemic) has resulted in the need to explore silviculture treatment options that will 

ensure that healthy, resilient forests continue to provide the range of timber and non-

timber forest products and ecosystem services demanded by society. 

There is a lack of reliable scientific data to support decision-making regarding the use of 

alternative harvesting practices, especially with respect to the effects on regeneration and 

windthrow. The Silviculture Treatments for Ecosystem Management in the Sayward 

(STEMS) project is a large-scale, multi-disciplinary experiment that compares forest 

productivity, economics, and public perception of seven treatments replicated at three 

sites in the Sayward Forest.  The treatments include five different silvicultural systems: 

clearcut with reserves, modified patch cuts, group selection, aggregate retention, and 

uniform dispersed retention, which are compared against two extended rotation options, 

with and without commercial thinning. The first replication was established in the 

Snowden Demonstration Forest in 2001 (de Montigny 2004) and the second was 

established in 2005 near Elk Bay (de Montigny and Nigh 2009).  A third replication near 

Gray Lake was logged in 2008. 
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With Forest Investment Account-Forest Science Program (FIA-FSP) funding, a 3 year 

regeneration and windthrow study has been initiated at STEMS 2.  This progress report 

summarizes the second of three years of the project and describes post-treatment 

regeneration and windthrow up to 3 years after harvest.   

1 Methods 

The STEMS experiment has a randomized complete block design with seven treatments 

and three replicates in the Sayward Forest.  The seven silvicultural systems treatment 

regimes and the treatment unit number are:  

1. Extended Rotation with Commercial Thinning 

2. Clearcut with Reserves 

3. Extended Rotation (non-treatment control) 

4. Uniform Dispersed Retention 

5. Group Selection 

6. Modified Patch Cuts 

7. Aggregate Retention 

The STEMS 2 site is located about 40 km north of the city of Campbell River 

near Elk Bay on the east side of Vancouver Island (50
o
20' N, 125

o
28' W), within 

the Strathcona Timber Supply Area (TSA).  The area is less than 1 km west of Discovery 

Passage (on the Strait of Georgia), within the wetter variant of the Very Dry Maritime 

Coastal Western Hemlock subzone (CWHxm2).  The research site is split into two areas. 

Treatment Units (TUs) 1–5 are contiguous and cover 87.4 ha, including a wildlife tree 

patch (WTP) of 11.4 ha that borders on the extended rotation treatment. TUs 6 and 7 

cover a 56.1 ha area and are located approximately 1 km northeast of TUs 1–5.  The 
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original stand composition is about 80% western hemlock and 8 to 21% Douglas-fir, and 

1 to 8% western redcedar.  Stand growth and yield information is based on repeated 

measurements on a grid of permanent plots, maintained for the life of the experiment.  

For detailed information about the experimental design and plot layout see de Montigny 

and Nigh (2009). 

Cutblocks were planted in late winter 2006 with Douglas-fir and western redcedar.  The 

number of regeneration plots in cutblock openings, and therefore planted, varied with 

treatment unit; in TUs 2, 4, and 7 (clearcut with reserves, uniform dispersed retention, 

and aggregate retention) where the entire block was regenerated, all regeneration plots 

were planted.  In TUs 5 (group selection) and 6 (modified patch cuts), 34 and 22% of all 

regeneration plots, respectively, were in cutblock openings requiring planting.  

Regeneration surveys were done on all planted regeneration plots in late summer of 2006, 

2007 and 2008.   

Regeneration was assessed on a 3.99 m radius (0.005-ha) plot located on each cardinal 

point 17.8 m from the permanent plot centre (main plot is 0.10 ha).  Surveys were done 

on all harvested plots, which varied with treatment.  Within the marked circumference of 

the subplot, all planted trees were tagged and measured, and naturally regenerated trees 

tallied as described below. Distance from the plot centre to the stem centre of trees 

situated close to subplot boundaries were accurately measured, to determine whether the 

tree was included as a sample tree.  Tags were attached to wire and looped very loosely 

around the base of the seedling. Species was identified and height measured to the nearest 

centimetre. Root collar diameter was measured to the closest millimetre using calipers. 
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Seedling health was assessed using appropriate coding listed below.
1
  All western 

redcedar were protected from browse using plastic, pyramid-shaped Sinocast Tree Cones 

(Sinorefor Products Inc., Vancouver, B.C.) as part of normal operational procedures.   

For natural regeneration, only the tallest and second-tallest acceptable naturally 

regenerated seedlings
2
 in the subplot were tagged and measured. Tags were attached to 

wire and looped loosely around the base of the seedling. Species was identified and the 

seedling measured for height (to the nearest cm) and root collar diameter was measured 

using calipers (to the closest mm). Seedling health was assessed using appropriate 

coding
3
 as listed below.  In addition to tagging of the two tallest naturally regenerated 

seedlings, a survey was conducted to determine density of naturally regenerated saplings 

(> 1.3 m height but < 4 cm dbh), seedlings (10 cm – 1.3 m height) and germinants (< 10 

cm tall) by species.   

Photographs of each plot were taken from the south boundary of the subplot facing 

towards the subplot centre post. The corresponding plot number and photo number were 

recorded.  

For the windthrow survey, each growth and yield plot throughout the installation was 

visited.  A visual sweep of the entire plot was done to find trees that had been 

windthrown or broken, or were leaning.  The methodology for the windthrow survey is 

described in de Montigny and Nigh (2009).  The extent and azimuth of windthrow 

                                                 
1 Based on coding established by the Expert Committee on Weeds. 

2 An acceptable seedling is one that is free from deformity or injury likely to prevent development into a 

merchantable tree. 

3 Based on coding established by the Expert Committee on Weeds. 
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patches outside of growth and yield plots and along boundaries were also determined but 

the data are not summarized here.  

2 Results 

2.1 Regeneration 

The regeneration target was 900 sph for all treatment units but, as indicated in Table 1, 

after the first year density was about 800 sph in TUs 4 and 5.  Mortality in the first year 

was found only in the clearcut and was less than 1%.  Treatment units 2, 3, 5, and 7 were 

fill-planted in late winter of 2007 and regeneration surveys in 2007 indicated that 1 – 3% 

of total seedlings had been replanted.  Mortality after 2 years was highest in the modified 

patch cut treatment (6%) and ranged from 1 to 3 % in all other treatment units (Figure 1).  

In the third year, there was no mortality in treatment units 5 to 7 but seedling mortality 

was 2 and 1% in the clearcut and uniform dispersed retention treatments respectively.  

Planted seedling height was lowest in the group selection treatment for planted western 

redcedar (Figure 2) and lowest in the modified patch cut for planted Douglas-fir (Figure 

3).  Browsing likely had a significant impact on seedling height.  Browsing on live 

planted seedlings was noted in the second-year survey, with treatment unit averages 

ranging from 8 to 19% of seedlings browsed (Figure 4).  In the second year after planting, 

western redcedar seedlings were more intensively browsed than Douglas-fir, with 21–

30% of planted seedlings browsed vs 1–7% of Douglas-fir.  By the third year, browsing 

on Douglas-fir seedlings was much higher than for western redcedar ranging from 32–

66% in the group selection, modified patch cut and aggregate retention treatment units, 

with the highest browsing in the modified patch cut and group selection openings.  

Browsing on western redcedar also increased in the third year in all but the uniform 
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dispersed retention treatment, ranging from 17–39%, but protection from Sinocast tree 

cones helped keep overall western redcedar browsing down.  

Natural regeneration was highest in the group selection and patch cut treatments (Figure 

5) where the surrounding trees provide an abundant seed source.  Estimates of natural 

regeneration ranged from 1,400–16,400 germinants per ha and 2,200–13,400 seedlings 

per ha.  Presence and height of the tallest naturally regenerated seedling per plot varied 

by species and treatment unit (Figure 6).  Western redcedar was present in all treatments 

units except group selection and modified patch cut, Douglas-fir was present in all 

treatment units except the modified patch cut, and western hemlock was present in all 

treatment units.  Douglas-fir was the tallest naturally regenerated seedling in the clearcut, 

dispersed retention and group selection treatments.  Western hemlock was tallest in the 

dispersed retention treatment.  Photos 1 to 5 show presence and height of planted and 

natural seedling growth in each treatment unit. 

Continued monitoring of these regeneration plots will provide much needed information 

on early growth dynamics of planted and natural regeneration needed for calibration and 

validation of growth and yield models for juvenile seedling growth.  

2.2 Windthrow 

 

Windthrow in the third year after harvest increased by 10.2% and 8.3% in the dispersed 

and aggregate retentions, and by 0.3 and 1.8% in the group selection and modified patch 

cuts (Table 2).  There was no further windthrow in the unharvested control.  Within-plot 

windthrow losses were highest in both retention treatments despite the mitigation 

treatments. Only 38 and 65% of the residual trees were still standing and straight after 3 
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years in the aggregated and dispersed retention treatments, respectively.  Many of the 

trees identified as leaning in the second year, were windthrown by the third year.  Despite 

the high proportion of trees upturned in the retention treatments these treatments had low 

residual densities, so actual numbers of windthrown trees are relatively low.  The 

treatment that had the highest number of windthrown stems was the extended rotation 

with commercial thinning treatment, in which 23% of the trees were uprooted, or about 

60 sph.  Surveys of windthrow at block boundaries indicated that windthrow occurred to 

some degree at all cutblock edges.  Windthrow was high in the boundary between 

treatment units 6 and 7.  The species most susceptible to windthrow was western 

hemlock.  Windthrow losses will continue to be monitored and the data used for 

windthrow model calibration/validation. 

3 Conclusions 
The STEMS experiment examines the long-term effects on forest productivity, 

economics, and public perception of seven silvicultural systems and extended rotation 

treatments replicated at three sites in the Sayward Forest.  The second replication at Elk 

Bay is different from the other 2 replications in that the density of western hemlock is 

much higher than at STEMS 1 or 3.  Preliminary results are as follows: 

 Mortality was highest in the second year after planting and was highest in the 

group selection treatment (6%).  Mortality in the third year was minimal (1 to 3%) 

and occurred only in the clearcut and dispersed retention treatments. 

 Planted Douglas-fir height of averaged about 1 m in all treatment units except the 

modified patch cuts in which it was less than 80 cm.  Planted western redcedar 

height was between 70 and 80 cm.  
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 Browsing on Douglas-fir in the second year was low (1 to 7%) compared to 

western redcedar (21–30%).  In the third year, browsing on Douglas-fir was 

higher especially in the group selection and modified patch cut (66% and 59% 

respectively), compared with western redcedar (28% and 31% respectively).  

Protection of western redcedar seedlings with Sinocast tree cones likely limited 

the amount of browsing. 

 Density of natural regeneration ranged from 1400 to 16400 germinants per ha and 

2200 to 13400 seedlings per ha with the group selection having the highest natural 

regeneration density of all treatment units. 

 Douglas-fir was the tallest naturally regenerated species in the clearcut, dispersed 

retention and group selection treatments (50 to 70 cm).  Western hemlock was the 

tallest in the dispersed retention treatment (about 1 m). 

 Windthrow was highest in the second year after harvest.  The aggregated retention 

treatments was most strongly affected and had only 37% of residual trees still 

standing after 3 years, followed by the dispersed retention and extended rotation 

with commercial thinning treatments that had 65 and 70% residual trees still 

standing.  Most trees that were leaning after the second year had fallen by the 

third year. 

 The experiment is a long-term experiment and preliminary results can not be 

expected to generate management implications at such a young age.  However, 

the data generated from this experiment are being used for calibration and 

validation of models for early growth and yield in complex stands and windthrow.   
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Table 1.  Planted and natural regeneration density, mortality, height and browsing by 

treatment. 
 

Clearcut 

Uniform 
Dispersed 
Retention 

Group 
Selection 

Modified 
Patch 
Cut 

Aggregate 
Retention 

Treatment unit number 2 4 5 6 7 

Total number of regeneration 
plots 

60 60 68 100 88 

Proportion of all regeneration 
plots planted (%) 

100 100 34 22 100 

Live planted 
seedlings (sph) 

1
st
 Year 937 800 809 918 882 

2
nd

 Year 943 820 826 918 911 

3
rd

 Year 910 810 880 870 840 

Mortality of planted 
seedlings (sph) 

1
st
 Year 1 0 0 0 0 

2
nd

 Year 2 1 6 2 3 

3
rd

 Year 2 1 0 0 0 

Proportion of seedlings replanted 
at year 2 (%) 

1 2 2 0 3 

Mean height 
of planted 
seedlings 
(cm) 

Cw 1
st
 Year 

28.9 26.1 25.3 30.9 29.7 

2
nd

 Year 
61.4 64.5 54.1 57.8 61.3 

3
rd

 Year 
72.2 82.8 65.8 79.2 80.1 

Fd 1
st
 Year 

22.4 23.2 29.5 22 23.3 

2
nd

 Year 
61.4 66.6 76.1 52.3 58.3 

3
rd

 Year 
102.5 102.8 97.1 76.5 98.5 

Proportion of 
planted 
seedlings 
browsed  (%) 

Fd 2
nd

 Year 7 1 5 4 7 

3
rd

 Year 5 6 66 59 32 

Cw 2
nd

 Year 30 24 26 21 23 

3
rd

 Year 37 17 28 31 39 

Density of natural 
regeneration after 
3 years (sph) 

Germinants 
1400 8600 16400 14800 6000 

Seedlings 
2200 6800 13400 7000 3200 

Saplings 
0 0 0 0 200 

Height of tallest 
natural seedling 
after 3 years (cm) 

Fd 
51.5 69.1 72.8 0.0 60.0 

Cw 
21.6 9.3  0.0 19.0 

Hw 
22.0 27.3 34.2 47.1 98.6 
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Table 2: Percentage of residual trees standing, broken, uprooted or leaning after 3 years 

by treatment. 

 

 

Extended 
Rotation w/ 
Commercial 

Thinning 
Extended 
Rotation 

Uniform 
Dispersed 
Retention 

Group 
Selection 

Modified 
Patch 
Cut 

Aggregate 
Retention 

 1 3 4 5 6 7 

Standing 70.4 93.0 65.3 94.5 92.5 37.5 

Broken 5.6 1.2 2 2.1 1.4 8.3 

Uprooted 22.9 4.1 42.6 1.8 3.9 54.1 

Leaning 1.1 1.8 0 1.3 1 0 
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Figure 1.  Yearly planted seedling mortality by year after planting and treatment. 
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Figure 2.  Height of planted western redcedar by year after planting and treatment. 
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Figure 3.  Height of Douglas-fir seedlings by year after planting and treatment. 
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Figure 4.  Proportion of planted seedlings that were browsed the second and third year after 

planting by treatment. 
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Figure 5.  Density of natural regeneration 3 years after planting by treatment unit. 
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Figure 6.  Height of the tallest naturally regenerated seedling in the third year after planting by 

species and treatment unit (Cw = western redcedar, Fd = Douglas-fir, Hw = western hemlock). 
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Photo 1: View of plot 204 facing south  Photo 2. View of plot 405 facing east in the 

in the clearcut treatment unit. dispersed retention treatment unit.   

   
Photo 3. View of plot 513 facing east in  Photo 4. View of plot 608 facing south in  

the group selection treatment. Note the  modified patch cut treatment 

carpet of germinants. 

   
Photo 5.  View of plot 707 facing west    Photo 6.  View of 710 facing north in the  

in the aggregated retention treatment.  aggregated retention treatment. 
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Figure 7.  Windfall from standing residuals Figure 8.  Windfall from edges in plot 610, 

in plot 409, the dispersed retention treatment.  the modified patch cut treatment.  

 

   
Figure 9.  Windfall from standing residuals Figure 10.  Windfall from edges in plot 722, 

in plot 719, the aggregate retention treatment.  the aggregated retention treatment. 

 

 
Figure 11.  Windthrow at the boundary  

between TU 6 and 7. 


